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Abstract: Growing global environmental problems force us to think about their impact and search for
ways to protect the environment. While the construction industry and the production of construction
materials contribute to environmental pollution, they also offer great potential for addressing many
environmental problems. Important opportunities exist in the use and processing of a whole host
of industrial and construction waste and in the use of mineral resources. Among such mineral
resources is magnesite, whose deposits in Slovakia are abundant. The current sustainability trends
impose strict requirements on construction materials and products, favoring solutions with sufficient
ecological and efficiency performance characteristics. With this focus on efficient and sustainable
solutions in mind, the objective of this research was to analyze magnesium oxide construction
boards, as they are the most commonly used construction product based on MgO. The specific
MgO-based boards that were studied were applied in selected constructions built using the so-called
dry method of construction and were compared with traditional material solutions. The research
methodology is based on an analysis of computational models of the proposed variants to determine
selected thermal-technical parameters. The analyses of external and interior structures presented in
this work suggest that when boards based on MgO and traditional materials are used for coating
constructions built using the dry method of construction, the former provide certain benefits in terms
of energy accumulation, improving living comfort, and in terms of the fire resistance of constructions,
improving overall safety. The conclusion of the presented article is devoted to discussions with works
that addressed various perspectives on the application of MgO in the field of materials research. The
findings from this analysis are beneficial especially in terms of expanding the knowledge in the area.
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1. Introduction

The technological progress of society has far-reaching consequences, and the global-
ization process significantly affects the state of the environment [1-4]. The construction
industry contributes enormously to environmental degradation [5,6]. This means that
sustainable construction is one of the main areas that can help address the global problem
of climate change and contribute to sustainable global development [7-9]. Many studies
focus on sustainable architecture and urbanism, integrated territorial development, the
use of energy-efficient technology, heat loss reduction in buildings, etc. Less attention is
dedicated to the topic of environmentally suitable construction materials. It is impossible
to achieve an environmentally suitable construction without using ecological materials and
products with a low carbon footprint [10], low emissions of hazardous substances, and
higher biological stability.

Technological and social development results in population growth [11], uncontrolled
use of natural resources and the urbanization of the environment [12]. The number of
harmful emissions and waste is also increasing, while raw material resources are limited.

Sustainability 2021, 13, 12193. https://doi.org/10.3390/su132112193

https:/ /www.mdpi.com/journal/sustainability


https://www.mdpi.com/journal/sustainability
https://www.mdpi.com
https://orcid.org/0000-0002-9273-9755
https://doi.org/10.3390/su132112193
https://doi.org/10.3390/su132112193
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/su132112193
https://www.mdpi.com/journal/sustainability
https://www.mdpi.com/article/10.3390/su132112193?type=check_update&version=2

Sustainability 2021, 13, 12193

20f 14

The sources of raw materials for construction and for infrastructure and industry devel-
opment are limited in the same way as the sources of food and water for the growing
global population [13]. This also applies to common raw materials for the production of
construction materials and construction products. It is therefore necessary to change our ap-
proach to construction design. One option is to use secondary materials produced by other
industrial activities. The aim is to reduce raw material extraction and the amount of waste
accumulating in landfills [14]. The mass-produced waste that is a potential source of raw
materials for the construction industry includes coal ash and waste sand from foundries.

There are currently efforts to apply so-called alternative raw materials, which are not
only an environmentally more acceptable alternative to traditional materials (cement, lime,
etc.), but also have other favorable properties for use in construction. In view of the avail-
ability of raw materials in Slovakia, it is magnesium oxide that appears to be a potentially
exploitable raw material (MgO). Magnesium oxide (burnt magnesium) is the product of
the thermal breakdown of magnesium carbonate (MgCQO3) [15]. Magnesium oxide occurs
in nature as the mineral periclase, but is industrially obtained by thermal gelling of magne-
site (MgCO3). Magnesite refractory material containing MgO can be obtained from high
purity magnesite ore by simple treatment and subsequent calcination at a temperature of
500-700 °C. Dolomite-based refractory materials are still widely used, especially in Europe.
Thanks to its high melting point, chemical inertness and thermal stability, magnesium is
the preferred material for the production of fire-proof materials used in high-temperature
processes for steel, cement, lime, glass and non-ferrous metals [16]. The fire-proof materials
industry is the biggest consumer of magnesium in the world. The metallurgical industry
requires high-quality fire-proof materials that can withstand the heat of molten metal.
Magnesite is a natural fire-proof material suitable for the metallurgical industry, as its
key quality parameter is high thermal resistance. Other industries, i.e., the agriculture,
construction, chemical, ceramics, pyrotechnics and environmental industry [17], have their
own requirements on the properties of magnesium.

The products for the metallurgical and ceramics industry consist of burnt magnesite
clinker intended for the production of monolithic materials and steel aggregate cover
protection, as well as for other applications. The products used in the chemical industry
are intended for the production of chemicals based on magnesium [17]. For example, the
CCM 78 product acts as a binder, where the number 78 indicates the magnesium oxide
content in the powder. CCM 85 is intended for use in agriculture as a mineral ingredient
for animals, providing health benefits thanks to its high magnesium content. It can also
be used for the production of fertilizers in the chemical industry or for eliminating the
effects of acid rain. In the construction industry, magnesium is used for the production
of construction materials and components. Magnesium oxide boards (MgO boards) are
large-sized structural boards, typically white. They are made from a natural and ecological
material that does not pose a risk to health and does not release toxic substances. In
general, MgO-based board composites are more resistant in terms of mechanical properties
compared to traditional variants (e.g., gypsum boards, cement-particle boards and the like).
From the point of view of processing technology, this aspect is also taken into account,
because by differentiating the cutting and cutting of these products it is therefore not
possible to use conventional hand-held cutting tools for cutting as with conventional
board materials, but it is necessary to use mechanized electrical devices (for example
electric circular saws and others) and appropriate personal protective equipment. The
important advantages of magnesium oxide boards are that they are fire-proof, elastic,
strong, frost-resistant, water-proof, ecological, anti-allergic, heat-reflective, healthy, and
resistant to molds and rodents [18]. Their unique property is that they actively absorb CO,
from the air throughout their life cycle, thereby continuously cleaning and improving the
quality of the internal environment. Magnesium boards can be used virtually everywhere.
They are used for ceilings, partitions, fireplaces, all types of internal and external wall
lining, ventilated facades, creative ceilings, and wherever a building needs to be protected
against fire, rotting or molds. According to an analysis of the MgO boards market for
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2018-2023 [19], the global MgO boards market is divided into five main regions, i.e., North
America (USA, Canada), Europe (United Kingdom, France, Germany, Russia), Asia and
the Pacific (China, Japan, Australia), South America (Brazil, Argentina), and the Middle
East and Africa (South Africa, Saudi Arabia). There are many manufacturers and even
more suppliers in these regions. Each MgO board manufacturer has their own recipe for
their product, which results in differences in properties. A magnesium oxide board is
generally composed of Sorel cement, a magnesium oxide mixture, and other elements.
The manufacturer Zhangjiagang Oriental Construction Material Co. [20] states that its
magnesium oxide board is made from high-purity magnesium board, magnesium sulfate
(MgSOy), a magnesium chloride substitute (MgCl,), a high-strength glass fiber mesh,
perlite, and fabric. North American MgO LLC [21] states that its MgO board contains 67%
MgO, 18% SiO, 5% ash filler, 9% additives, and 1% glass fiber mesh.

Dry construction is an efficient construction process in which construction elements
are mechanically secured to the structure using a binding material [22,23]. It therefore
dispenses with a construction binder, whose preparation requires water. It is the absence
of water in the process that the term “dry” is derived from. Compared to traditional
construction methods, dry construction has several advantages: the process is faster,
without long technological breaks required for drying; a structure from structural boards
is substantially lighter than partitions from bricks or other construction materials; the
use of large-sized structures allows greater flexibility in terms of the placement, shapes
and design of walls and lowered ceilings and produces less waste, which means a lower
environmental impact and better thermal insulation, acoustic and fire protection properties
compared to traditional construction technologies [24,25]. Despite their unquestionable
advantages, dry construction is not a commonly used construction method in Slovakia.
Its use is generally limited to interior structures such as partitions, wall lining, lowered
ceilings, shaft walls, etc. The main obstacle to more extensive use is prejudice, leading to
concerns about dry construction. As is the case with every system, dry construction has
its potential disadvantages—it requires more planning ahead (future placement of heavy
loads, inspection chambers, etc.) and there are stricter requirements on the workmanship
and surface finish of the constructions.

With the above in mind, this work presents an analysis of the applicability of various
material solutions for the dry method of construction of selected building structures. The
analysis is focused on assessing the thermal-technical parameters of external and internal
vertical wall structures with different lining materials. The composition of structures
using MgO-based lining materials is also compared with traditional material composition.
Another objective of the presented work is to survey and analyze the works published to
date in the field of MgO application in construction that help raise awareness of the use of
MgO in construction.

2. Materials and Methods

The samples examined in the research were the structural parts of external walls
and interior partition walls containing various materials, built using the dry construction
method. The compared variants were assessed in terms of selected thermal-technical
parameters, i.e., their heat transfer coefficient and thermal resistance. The final heat
transfer coefficient and thermal resistance values were obtained by modelling the individual
structural parts and by calculation according to the STN-73 0540 [26] standard. For the
calculation itself, AREA software (Svoboda software, 2017) was used, performing the
calculation on the basis of standards STN-73 0540 [26]. Under boundary conditions, the
following boundary conditions have been defined as also mentioned in the mentioned
standard: heat transfer resistance Rg; = 0.13 (m?-K)/W, Rge = 0.04 (m?-K)/W. The material
composition of the assessed structural variants is presented in Tables 1 and 2. Various
construction boards designed for dry construction were selected for the comparison, in
addition to boards based on MgO, which were used for analyzing differences.
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Table 1. Composition of the assessed design variants of exterior walls.

Variant 1

Variant 2

Variant 3

mineral plaster 4 mm
(p = 500 kg/m?)
thermal insulation EPS
100 mm (p = 18 kg/m3)
OSB 15 mm

(p =650 kg/m3)

mineral plaster 4 mm
(p = 500 kg/m?)
thermal insulation EPS
100 mm (p =18 kg/m3)
OSB 15 mm

(p =650 kg/m3)

mineral plaster 4 mm
(p = 500 kg/m?)
thermal insulation EPS
100 mm (p =18 kg/m3)
OSB 15 mm

(p =650 kg/m3)

mineral thermal mineral thermal - mineral thermal
A insulation 120 mm insulation 120 mm insulation 120 mm
(p=15kg/m%) (p=15kg/m%) (p =15kg/m’)
OSB 15 mm OSB 15 mm - OSB 15 mm
5 (p = 650 kg/m3) (p = 650 kg/m3) (p = 650 kg/m3)
3 vapor barrier vapor barrier - vapor barrier
4 (p = 140 kg/m3) * (p = 140 kg/m3) * (p = 140 kg/m3) *
gypsum board 12.5 MgO board 12.5 - clay board 12.5
(p = 1200 kg/m3, Ae = (p =800 kg/m3, Ae = (p = 1450 kg/m?3, Ae =
0.58 W/(m-K)) 0.22 W/(m-K)) 0.353 W/(m-K))
. mineral plaster 4 mm
mineral plaster 4 mm 3 . | plaster 4
B ke /m?) (p = 500 kg/m3) - mineral plaster 4 mm
) - (p =500 <& ! thermal insulation EPS (p = 500 kg/m3)
] thermal insulation EPS . :
100 mm (p = 18 kg/m3) - thermal insulation EPS
100 mm (p = 18 kg/m’) board 100 =18 kg/m3
T OSB 15 mm MgO board 12.5 mm mm (p = g/m”)
| K 3 OSB 15 mm - OSB 15 mm
l (p = 650 kg/m”) (p = 650 kg/m?) (p = 650 kg/m?)
| mineral thermal . .
B | insulation 120 mm mineral thermal - mineral thermal
! (p =15 kg/md) insulation 120 mm insulation 120 mm
| H p=19%8/ (p = 15kg/md) (p = 15kg/md)
|  E vapor barrier . barri
| E ~ 140 kg /m?) * vapor barrier - vapor barrier
| H (p= &/ (0 = 140 kg /m?) * (0 = 140 kg /m?) *
= gysslléng H:);r MgO board 2 x - clayboard 2 x 12.5 mm
(p= 12'00 ke /m?3 12.5 mm (p = 800 (p =1450 kg/m3, Ae =
A"e 058 Vf . nK) kg/m3, Ae = 0.22 0.353 W/ (m-K))
’ W/ (m-K))
mineral plaster 4 mm mineral plaster 4 mm . 1 plaster 4
. ~ 3 - 500 ke /m®) mineral plaster 4 mm
] (p.— 500 kg/m”) (p.— 8 (p =500 kg/ms)
e mineral thermal mineral thermal .
2 : . . . . - mineral thermal
\‘: S insulation 70 mm insulation 70 mm insulation 70 mm
2 (p =15 kg/m?) (p =15 kg/m?) (p = 15 kg/m?)
OSB 15 mm OSB 15 mm
5 N - OSB 15 mm
(p': 650 kg/m>) (p‘: 650 kg/m”) (p =650 kg/m3)
mineral thermal mineral thermal .
. . . . - mineral thermal
insulation 150 mm (p = insulation 150 mm . .
3 3 insulation 150 mm
15 kg/m?”) (p=15kg/m?) (0=15 kg/m3)
C OSB 15 mm OSB 15 mm

(p =650 kg/m3)
mineral thermal
insulation 30 mm

(0 =15 kg/m?)

vapor barrier

(p =140 kg/m3) *
gypsum board

2 x 12.5 mm (p = 1200
kg/m3, Ae = 0.58
W/(m-K))

(p =650 kg/m3)
mineral thermal
insulation 30 mm
(0= 15kg/m?)
vapor barrier

(p =140 kg/m3) *
MgO board

2 x 12.5 mm (p = 800
kg/m3, Ae =0.22
W/(m-K))

OSB 15 mm

(p =650 kg/m3)
mineral thermal
insulation 30 mm

(p =15 kg/m?)

vapor barrier

(p =140 kg/m3) *

clay board 2 x 12.5 mm
(p = 1450 kg/m3,

Ae = 0.353 W/ (m-K))

Notes: EPS—expanded polystyrene, OSB—oriented strand board, *—Ae = 0.21 [W/(m-K)].
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Table 2. Composition of the assessed design variants of interior walls.

Variant 1 Variant 2 Variant 3 Variant 4
gypsum board cement
15 mm chipboard clay board MgO based board
(p = 1200 kg/m? 15 mm (p = 1350 15 mm (p = 1450 15 mm (p = 800
}\Z__ 0.58 VVg/(m~,I()) kg/m3, Ae =0.26 kg/m3, e = kg/m3, Ae = 0.22
o W/(m-K)) 0.353 W/(m-K)) W/(m-K))
air cavity 50 mm
sum board air cavity 50 mm air cavity 50 mm air cavity 50 mm
ig’g I;)nm cement clay board MgO based board
(p = 1200 kg/m® chipboard 15 mm (p = 1450 15 mm (p = 800
o —oss o 15 mm (p = 1350 kg/m?, \e = kg/m?, Ae = 0.22
. kg/m3, Ae =0.26 0.353 W/(m-K)) W/(m-K))
W/(m-K))
W/ (m-K))
cement
gypsum board chipboard clay board MgO based board
15 mm (p = 1200 15 mm (p = 1350 15 mm (p = 1450 15 mm (p = 800
kg/m3, Ae = 0.58 kg/m3, Ae = 0.26 kg/m3, Ae = kg/m3, Ae = 0.22
W/ (m-K)) W/(m-K)) 0.353 W/(m-K)) W/ (m-K))

thermal mineral
insulation 70 mm
(p=15kg/ m3 )

mineral thermal
insulation 70 mm
(p=15kg/m3)

mineral thermal
insulation 70 mm
(p=15kg/ m3 )

mineral thermal
insulation 70 mm
(p=15kg/ m3)

gypsum board cement clay board MgO based board
15 mm (p = 1200 chipboard 15 mm (p = 1450 15 mm (p = 800
kg/m3, Ae = 0.58 15 mm (p = 1350 kg/m3, Ae = kg/m3, Ae = 0.22
W/(m-K)) kg/m3, Ae =0.26 0.353 W/(m-K)) W/(m-K))
W/(mK))
cement
gypsum board 2 chipboard 2 x clay board 2 x
x 15mm (p = 15 mm (p = 1350 15 mm (p = 1450 MgO based board
1200 kg/m?, Ae = kg/m?, Ae = 0.26 kg/m?, Ae = 2 x 15 mm (p =
0.58 W/ (m-K)) W/(m-K)) 0.353 W/(m-K)) 800 kg/m?3, Ae =
OSB board OSB board OSB board 0.22 W/(m-K))
15 mm (p = 650 15 mm (p = 650 15 mm (p = 650
kg/m3)(p kg/m3)(p kg/m3)(p OSB board 15 r3nm
mineral thermal mineral thermal mineral thermal (p~= 650 kg/m”)
insulation insulation insulation Tmnerall thermal
100 mm (p = 15 100 mm (p = 15 100 mm (p = 15 msflla;l‘z“ 100 mm
kg/m?) kg/m?) kg/m?) (CF))S% boai‘%c{ I1115 an
OSB board OSB board OSB board 3
15 mm (p = 650 15 mm (p = 650 15 mm (p = 650 (p = 650 kg/m”)
kg/m3) kg/m3) kg/m3) MgO based board
gypsum board 2 cement clay board 2 x 2 x 15 mn; (p=
x 15mm (p = chipboard 2 x 15 mm (p = 1450 800 kg/m?, Ae =
1200 kg/m3, Ae = 15 mm (p = 1350 kg/m3, Ae = 0.22 W/ (m-K))
0.58 W/(m-K)) kg/m3, Ae = 0.26 0.353 W/(m-K))

W/ (m-K))

Notes: OSB—oriented strand board.

Types A-C have a composition that is commonly used in dry construction. All these
types of external structures are designed as diffusely closed structures. Types A and B are
contact insulated systems and type C has a similar design, except that its thermal insulation
is thicker and is also fitted on the interior side of its structure. As for the external wall
structures, the interior side of variant 1 is lined with a gypsum board, variant 2 is lined
with a board based on MgO, and variant 3 is lined with a clay board. Types D-F are dry
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construction structures designed for interior walls. Their variants are as follows: variant
1 is lined with a gypsum board, variant 2 is lined with a cement board, variant 3 is lined
with a clay board, and variant 4 is lined with a board based on MgO. The primary sources
of information (Tables 1 and 2) on the materials used and their characteristics came from
the STN-73 0540 [26] standard, and the characteristics for MgO and clay-based materials
came from specific manufacturers.

In view of the trend of sustainability and application of environmentally friendly
raw materials in construction, a partial objective of the study was to analyze previously
published works in the field of MgO application in construction. The analysis is presented
in the discussion part, where the works are divided according to four areas, i.e., LCA,
moisture properties, flexing, static and mechanical properties, and resistance properties.

3. Results and Discussion
3.1. Results

This chapter summarizes the analyses of the material variants of exterior and interior
walls designed for dry construction. The analyses of the variants were focused on selected
thermal-technical parameters of the structural parts of constructions. The results are
summarized in Tables 3 and 4.

Table 3. Values of selected parameters (R and U) of the assessed design variants of exterior walls.

Variant 1 Variant 2 Variant 3
A 6.555 * 6.561 * 6.568 *
0.152 ** 0.152 ** 0.152 **
B 6.469 * 6.618 * 6.497 *
0.154 ** 0.151 ** 0.153 **
C 7.683* 7.697 * 7.711*
0.130 ** 0.129 ** 0.129 **

Note: (*—R [m2-K/W]; *—U [W(m?-K)]).

Table 4. Values of selected parameters (R and U) of the assessed design variants of interior walls.

Variant 1 Variant 2 Variant 3 Variant 4
D 0.222 % 0.286 * 0.254 * 0.238 *
4.504 ** 3.496 ** 3.937 ** 4.201 **
E 1.894 * 1.958 * 1.926 * 1.910*
0.527 ** 0.510 ** 0.519 ** 0.523 **
F 2.950 * 3.076 * 3.016 * 2.982*
0.338 ** 0.325 ** 0.331 ** 0.335 **

Note: (*—R (m2-K/W); *—U (W[m?2-K])).

The analysis of the composition of the external structures in the individual categories
revealed certain differences. Types A-C, variant 3, lined on the interior side with a clay
board (A3 R = 6.568 m?-K/W; B3 R = 6.497 m?-K/W; C3 R = 7.711 m?-K/W), exhibited the
best parameters among the compared variants. The second best was the variant lined on the
interior side with a board based on MgO (A2 R = 6.561 m2-K/W;B2R = 6.618 m2-K/W; C2
R =7.697 m?-K/W). The structure lined on the interior side with a gypsum board exhibited
the worst parameters (A1 R = 6.555 m?-K/W; B1 R = 6.469 m?-K/W; C1 R = 7.683 m?-K/W).
Based on these values, it can be stated that the differences among the assessed variants
are not striking in the case of single-layer lining. The differences grew as the thickness
of the lining materials increased. The main advantage of using boards based on MgO is
their resistance to high temperatures and fire. This means that if the bearing frame of a
construction is lined with boards based on MgO, the construction is more fire-proof and
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generally safer. This is also true of other parts of buildings, such as partitions, ceilings
and floors.

The analysis of the composition of the interior structures in the individual categories
revealed certain differences. In the assessment of the interior walls, the focus was on exam-
ining their accumulation properties as a factor contributing to living comfort. The ability to
accumulate energy is highly desirable in the case of interior structures, as constructions
built using the dry method typically lack this characteristic. Types D-F, variant 1, lined with
a gypsum board (D1 R = 0.222 m?-K/W; E1 R = 1.894 m?-K/W; F1 R = 2.950 m?-K/W),
exhibited the best energy accumulation parameters among the compared variants. The
second best was the variant lined with a board based on MgO (D4 R = 0.238 m2.K/W;
E4 R =1.910 m?-K/W; F4 R = 2.982 m?-K/W). Next was the variant lined with a clay board
(D3 R = 0.254 m?-K/W; E3 R = 1.926 m?>-K/W; F3 R = 3.016 m?-K/W), and the struc-
ture lined with a cement board exhibited the worst parameters (D2 R = 0.286 m?-K/W;
E2 R = 1.958 m?2-K/W; F2 R = 3.076 m2-K/W). Based on these values, it can be stated that
the differences among the assessed variants are not striking in the case of single-layer lining
used on interior walls. The differences grew as the thickness of the lining materials in-
creased.

3.2. Discussion

There are many studies focused on the application of MgO in various composite
materials and products. They primarily assess the life cycle of construction structural
parts containing MgO and examine their fire-protection, moisture, mechanical, static and
thermal-technical properties.

3.21. LCA

A study by Li et al. [27] focused on assessing the life cycle of an innovative struc-
tural insulation panel from magnesium oxide (MgO SIP) applied in a high-performance
smart house in Vancouver. LCA compares six environmental impact indicators for MgO
SIP, traditional SIP and a traditional stick-frame structure during the life cycle phases of
extraction, production, transport, construction and operation. The results show that MgO
SIP does not surpass traditional alternatives, mainly as a result of material transport over
long distances. However, an LCA of hypothetical scenarios shows that MgO SIP has great
potential to become more ecological than traditional alternatives when MgO is sourced and
produced locally and when MgO SIP is designed without oriented strand board. Although
the results depend on the context, studying hypothetical scenarios shows various ways
of improving the environmental behavior of this innovative product. The findings in our
work match the results of the study—especially the conclusion that the use of MgO is not
always the most cost-efficient option, as limited availability on the market can increase
procurement costs and overall construction costs. Likewise, the application of MgO may
not be able to compete with traditional solutions in terms of certain parameters, such
thermal-technical parameters.

3.2.2. Moisture Properties

A study by Nielsen et al. [28] examines the moisture properties of various types of MgO
boards. All analyses were performed on MgO boards supplied by a Chinese manufacturer,
with different thickness and based either on magnesium sulfate or magnesium chloride.
The composition of the MgO boards was determined using X-ray fluorescence and energy
dispersive X-ray radiation. The main difference was in their chloride and sulfate content.
A test for moisture retention showed that both types of MgO boards absorbed excessive
amounts of moisture from a moist environment, although the sulfate-based MgO boards
absorbed less moisture from the environment than the chloride-based MgO boards. The
MgS04 boards also stopped absorbing moisture when relative humidity reached 95% and
their weight increased substantially when relative humidity was lower. These findings
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were also confirmed in our research, which simulated the use of MgO on external and
interior structures in dry construction.

A study by Rode et al. [29] also confirms that when relative humidity exceeds 84%,
MgO boards start to absorb excessive amounts of moisture from the surrounding air. As
such higher levels of humidity are typical in the places where exterior lining is to be
used, it can be concluded that MgO boards are not a suitable product for this purpose.
This is confirmed by the numerous failures recorded in recent years, where these boards
leaked salty water, which damages the adjacent structural elements from wood or metal,
eventually causing the MgO board to fall apart. These conclusions match the findings in
our research, which simulated the behavior of MgO-based construction boards to show
that they are more suitable for use on the exterior of buildings. This does not rule out the
possibility of exterior use when their recipe is modified so as to make them more stable for
such use.

A study by Aiken et al. [30] highlights the considerable differences among magnesium
oxychloride boards from different manufacturers. It also examined the mechanism of the
desorption phenomenon observed on magnesium oxychloride boards. The probability
of the occurrence of desorption on a specific board is likely to be associated with these
factors: firstly, its chemical composition, achieved by using the right amounts of raw
materials and by the purity of the raw materials, secondly, its physical properties, such
as porousness, which determine how easy it is for moisture to enter and permeate the
board, and finally, the use of phosphorus, which can help protect the 5-phase phase against
dissolving. There were significant differences among the boards in terms of their composi-
tion, physical properties and performance in a humid environment. It is apparent that not
all boards with magnesium oxychloride are the same, and in actual operating conditions
the better-performing boards have potential to prevent the failures that occurred in the
authors’ research. Our analyses confirm that the properties of construction boards based
on MgO vary depending on the recipe, i.e., different manufacturers declare vastly different
parameters, with the differences often reaching tens of percentage points. The MgO plate
analyzed by us showed these basic density parameters 800 kg/m?> (thickness 12.5 mm).
In contrast, the density in this work Aiken et al. [30] was as follows: 686-1113 kg/ m’
(thickness 9 mm), 1032 kg/m? (thickness 11 mm), 998 kg/m? (thickness 12.5 mm), which is
only confirmed by our statement.

Gravit et al. [31] note that the use of boards from magnesium oxide may cause the
corrosion of steel frames and the growth of molds on wooden details. The authors provide
information from foreign sources about the negative effects of the use of MgO boards.
They conclude that it is necessary to provide a clear classification of magnesium boards
and define technical requirements that will lead to a standard global formulation. Their
claims support our conclusions. Boards based on MgO may initially appear to be good as
fire-protection insulation, but the main problem is that their ability to diffuse water vapor
is poor, which may cause the corrosion of the various materials lined with these materials.

A study by Hansen et al. [32] examined the moisture absorption and desorption curves
for MgO boards. The study concludes that MgO boards must not come into contact with a
moist environment. When relative humidity exceeds approximately 84%, drops of salty
water start forming on the surfaces of MgO boards and the water is absorbed into the
wooden structures connected with the boards, which may lead to the spread of molds
on the wood. MgO boards are also susceptible to the growth of molds, as they contain
organic material. When an MgO board is exposed to high levels of moisture, resulting
from the dissolution of the salts it contains, it will fall apart at some point. These findings
match the findings in our research, where we identified many favorable properties, but
the poor ability to diffuse water vapor is a certain disadvantage of this material solution
and its application. Specifically, this meant that, compared to other compared materials,
MgO-based boards showed significantly worse diffusion properties, which directly affects
the passage of air humidity through the structure. Ultimately, moisture remains trapped in
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the structure or in the interiors of the building, which can be considered a negative factor.
As is also confirmed in the work Hansen et al. [33] where it is examined.

A study by Jays et al. [33] examined the consequences of the action of relative humidity
that increases the risk of corrosion of the metal joining materials on MgO boards. Various
commercially available samples of MgO boards were examined in an environment with
controlled relative humidity and during contact with various metal joining elements. It
was found that different products absorbed water differently and that coloration varied
according to the composition of the metal joining elements. Coloration and absorption
were not a problem when relative humidity was low (75%), but were apparent on all MgO
boards when relative humidity was high (97%).

A study by Nghana and Tariku [34] was focused on the potential of boards from
American clay and magnesium oxide (MgO) to control humidity. The research was a field
study, monitoring two buildings with different operating scenarios. One of them was
treated as a reference building and its interior was lined with boards based on gypsum, a
material commonly used in construction. The other building was treated as a test building
and was lined with boards based on clay and boards based on MgO. Checks to ensure
that the buildings were operationally identical were followed by three tests to simulate the
interior surface finish of the building, the effects of ventilation and the level of occupancy. It
was found that the boards based on clay had better potential for controlling humidity than
gypsum, particularly when the actual surface conditions were compared. The experiments
also showed that the potential of MgO boards to control humidity is comparable to that of
gypsum, and that lining with MgO boards supports humidity control.

3.2.3. Flexing, Static and Mechanical Properties

A study by Smakosz and Kreja [35] was focused on comparing the results of flexing
and compression tests in a mathematical model and the results of flexing and compression
tests in real conditions. The examined sample consisted of expanded polystyrene lined with
MgO boards. The results matched the results from the mathematical model. The research
showed that while the use of averaged properties of polystyrene delivers satisfactory
results, such an approach is unreliable due to significant dispersion of the values for MgO
boards. Instead, the analysis used upper and lower limits, which resulted in a numerical
results spectrum rather than a single curve.

Zheng et al. [36] built a chipboard structure from magnesium cement to test its
mechanical strength, water resistance, thermal stability, and non-flammability. The results
showed that this board had excellent properties. It exhibited good thermal stability and
reliability. The maximum pyrolysis residue was 55.82%. A fire resistance test (CONE)
showed good fire retardation performance.

Smakosz et al. [37] performed a flexural analysis of a composite insulation panel (CSIP)
with boards from magnesium oxide and an expanded polystyrene core (EPS). An advanced
non-linear FE model was created in the ABAQUS environment. This allowed the inclusion
of the material’s bi-modularity to significantly improve the accuracy of the calculation
results and of failure mode prediction. The parameters of the material model describing the
non-linear range were identified in an analysis of laboratory tests and in their numerical
simulations performed on CSIP rays of three different lengths subjected to three-point and
four-point flexing. The model was validated by comparing the calculation results with the
experimental results for the panels with a natural scale. The strong correlation between
these two types of results showed that the proposed model could effectively support the
CSIP design process.

Sonkar et al. [38] presented a comprehensive experimental and analytical study of
the axial performance of sixteen steel wall panels (CFS). It was a detailed examination of
the effect of double-layer magnesium oxide insulation (MgO) on the axial strength of CFS
(applied to one side or both sides). The effects of various parameters, such as screw spacing,
the details of joints and the number of lining layers, on the axial strength of CFS wall panels
were also studied. It was found that the analytical results matched the experimental results.
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A study by Dewangan et al. [39] was focused on examining steel frame wall panels
(CFs) with MgO board lining and the effect of parametric variations on the strength of
the wall panels. A total of 49 samples were analyzed in the study. It was found that the
strength of a wall panel with a pin spacing of 600 mm, a screw spacing of 150 mm and
a sides ratio of 1:1 was 45% greater than that of a wall panel with a bare frame with the
same specification. The study also compared the strength-related properties of a wall panel
with MgO lining with wall panels with GB and OSB lining. OSB lining for high levels of
stress is comparable to MgO lining. It was found that HDOSB boards were stronger than
MgO boards when pin spacing was 500 mm and when screw spacing was 150 mm. These
findings match the findings in our research, where it was observed that the lining from
OSB boards had better stability than the boards based on MgO. To secure a structure axially,
it is better to use OSB boards, while MgO boards are better as the final lining layer, when,
for example, better fire resistance of the structure needs to be ensured.

A study by Manalo [40] analyzed the structural behavior of a new prefabricated wall
system made from hardened fiberglass-reinforced polyurethane foam (PUF) and magne-
sium oxide boards. Cross-sectional flexing, compression and shear tests were performed
on complete wall samples. The results of the experiments showed that the behavior of
composite walls is determined by the strength of the MgO board. Full interaction between
the solid PUF and the MgO board was achieved by using peroxide glue. During the shear
test, single- and double-panel systems exhibited similar rigidity and strength. The use
of vertical anchor screws increased shear strength by almost 15%, but did not improve
shear rigidity. The results confirmed the potential of this composite wall system for use in
a modular apartment structure.

A study by Aiken et al. [41] was focused on analyzing commonly used test methods
for assessing the performance of construction boards. The authors compared the relatively
new magnesium-based boards and traditional boards. Physical, mechanical and durability-
related properties were examined. The conclusion was that the magnesium-based boards
exhibited relatively good flexing strength and absorption properties, comparable to other
types of boards. Magnesium-based boards performed well when subjected to repeated
soaking and drying, and to repeated freezing and unfreezing. The impact on the flex-
ing strength of the MgO-based boards was relatively minor, similar to that of the flexing
strength of fiber-cement boards, and less severe than the impact on the flexing strength of
gypsum boards. In contrast to the MgO-based boards analyzed by us with density parame-
ters of 800 kg/m3 and Ae = 0.22 W/(m-K), similar MgO-based boards in Aiken et al. [41]
a different parameter in the density range 993-1092 kg / m? and Ae = 0.02-0.21 W/ (m-K),
which suggests different recipes and compositions.

3.2.4. Resistance Properties

A study by Rusthi et al. [42] analyzed the details of thermal properties tests and
fire resistance tests of LSF wall systems (Light Steel Frame) lined with MgO boards with
different configurations. The thermal properties tests performed on the two types of MgO
boards showed that MgO boards lose a large amount of weight at increased temperatures,
approximately 50% and 40% of the initial weight, whereas gypsumboard loses 15% of
weight when used in a standard way. The fire resistance tests showed that MgO boards
bend and crack. The study showed that the fire resistance of the LSF system lined with
an MgO board depends on the type of MgO board with its weight loss properties, details
of joints and the spacing of pins. A correctly designed and manufactured MgO board has
potential to offer a higher level of fire resistance.

Martins et al. [43] note that large-sized construction boards are elements used in
dry construction, particularly in construction systems such as light steel frame (LSF). In
Brazil, boards from Portland cement and synthetic fibers are used extensively. They also
have unsatisfactory hydro-thermal properties, low dimensional stability and high thermal
conductivity. The authors analyzed magnesium boards with better dimensional stability
and lower thermal conductivity, although such magnesium oxide boards are not currently
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produced in Brazil. Their comparison analyses and thermal performance measurements
were based on spectrophotometer tests for calculating solar radiation absorption, infrared
thermography for determining the surface temperatures of the LSF panels, and on internal
and external temperature assessments. The results showed that boards based on mag-
nesium can improve the thermal performance of a construction’s environment. These
findings match the findings in our research, where positive thermal resistance properties
of MgO boards were highlighted. Regarding the properties of MgO plates used in the
mentioned work of Martins et al. [43] worked with boards that had these properties of
density 960-1120 kg/m?3, which was different from our work where the board analyzed on
the basis of MgO had a density parameter of 800 kg/m3. However, when comparing ther-
mal conductivity parameters, these differences were not as different as Martins et al. [43]
reported a value of 0.18 W/(m-K) and we reported a value of 0.22 W/(m-K) in our work.

Gnanachelvam et al. [44] note that wall systems from shaped steel pins (LSF) lined
with various types of wall boards are now used more extensively for various purposes.
Using standard fire resistance tests, the authors examined the thermal properties of selected
wall boards and the fire resistance of non-bearing LSF wall systems lined with various
types of wall boards, such as gypsum boards, magnesium sulfate boards, vermiculux
boards and fiber-cement boards. The results showed that the gypsum boards had the
best fire resistance, while the fiber-cement boards had the poorest fire resistance. The
thermal properties test showed that the magnesium sulfate boards lost a large amount of
weight, i.e., 43%, at increased temperatures, while the gypsum boards lost 23% of weight
due to dehydration. Standard fire resistance tests of LSF walls showed that the use of
magnesium sulfate boards reduces the fire resistance of LSF walls, which is accompanied
by the formation of cracks. The findings produced by the study of the thermal-technical
properties of MgO boards were similar to those in our research, but were not identical. This
is due to the fact that different manufacturers use different recipes for the production of
MgO boards, which results in different properties.

A study by Ye et al. [45] was focused on analyzing the fire resistance requirements on
walls in multistory steel structures (CFS), where the walls were lined with double-sided
double-layer boards. The lining materials for these walls included gypsum bards (GWB),
Bolivian magnesium boards (BMG) and calcium silicate boards (CSB). Cyclic stress tests
were performed on six walls, which determined their shear capacity. Factors such as lining
material, side ratio, pin parts and pin spacing were considered. The results showed that
the walls lined with Bolivian magnesium boards had the best strength, as the wall boards
of the front-facing layer significantly exceeded the nominal value of the current standard.
On the other hand, the walls lined calcium silicate boards to form the front-facing layer
exhibited fragility with poor strength.

A study by Chen et al. [46] was focused on analyzing various panels and external
insulation for improving the fire resistance of bearing CFS wall systems used in mid-rise
buildings. Experiments were performed on six CFS wall samples with aluminum-silicon
insulation, which was placed outside the CFS frame between the two layers of boards on
the side of the fire rather than in the hollow space. The experiments included five types of
panels, namely gypsum boards, Bolivian magnesium boards, oriented strand boards (OSB),
light concrete boards (ALC) and mineral wool boards. It turned out that the CFS wall
systems lined with Bolivian magnesium boards or ALC boards had better fire resistance
than those lined with gypsum boards and OSB. It is therefore recommended that gypsum
boards should be replaced with Bolivian magnesium boards to serve as the base layer, and
that OSB should be replaced with ALC boards to serve as the external wall panels of CFS
systems for use in mid-rise buildings. The wall compositions assessed in the study were
similar to those analyzed in our research, although it is thermal-technical properties that
were assessed in our research.

In general, stabs affected by increased humidity are more prone to biocorrosive defects,
for example due to algae, fungi and the like [47-49]. In this respect, it is important to apply
diffuse open systems for better removal of increased moisture.
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Based on the analysis of the existing literature in this area, it can be stated that the
application of MgO in construction has its special characteristics. Magnesium oxide boards
are superior to other boards in terms of their resistance to fire, acoustic and thermal
insulation properties, resistance to water and moisture, ability to reflect infrared light, their
flexibility and strength, resistance to pests, mold, rotting and rodents, and in terms of
their antiallergic and ecological properties. Thanks to their properties, they are safe for
human health and create a safe and healthy internal environment. The analyses of external
and interior structures presented in this work suggest that when boards based on MgO
and traditional materials are used for coating constructions built using the dry method
of construction, the former provide certain benefits in terms of energy accumulation,
improving living comfort, and in terms of the fire resistance of constructions, improving its
overall safety.

4. Conclusions

Innovations are a necessary part of everyday life in the modern world. This trend
is also seen in the construction industry. This requires focusing on introducing new and
more efficient solutions. Product innovations naturally result from the development of new
materials and from their potential to improve the existing technologies and work proce-
dures. To improve the efficiency of construction processes, the dry construction method is
now used more extensively. Large-sized construction boards from various materials are an
integral part of such solutions. They allow a wide range of applications (walls, partitions,
floors, roofs, lowered ceilings) and use a wide range of materials. This work analyzed the
properties of a relatively new and innovative construction board based on magnesium.
Many sources highlight its numerous advantages that represent an improvement on the
performance of traditional gypsum and wooden construction boards (with respect to fire,
molds and pests, acoustic comfort and thermal resistance, strength-related parameters,
especially tensile and impact strength, health safety, moisture resistance, as well as weight
and flexibility). On the other hand, the price of these boards seems to be an obstacle to
their more extensive use. Based on the analysis of the exterior and interior structures, it
can be stated that that the use of MgO boards for lining structures built using the dry
construction method brings certain benefits compared to traditional materials, especially
in terms of energy accumulation (improved living comfort) and fire resistance (improved
overall safety).

Author Contributions: J.5. Conceptualization, Data curation; 1.5. and D.M., M.K. Formal analysis;
J.S. Investigation; ].S. Methodology; ].S. Project administration; 1.5., M.K. Resources; J.5. Software; J.S.,
M.K. Supervision; ].é., M.K. Validation; ]S. Visualization; ].g. Writing—original draft; ].é. Writing—
review & editing. All authors have read and agreed to the published version of the manuscript.

Funding: VEGA project-1/0557 /18 “Research and development of the process and product innova-
tions of modern methods of construction in the context of the Industry 4.0 principles”.

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.
Data Availability Statement: Not applicable.

Acknowledgments: VEGA project-1/0557/18 “Research and development of the process and prod-
uct innovations of modern methods of construction in the context of the Industry 4.0 principles”.

Conflicts of Interest: The authors declare no conflict of interest.



Sustainability 2021, 13, 12193 13 of 14

References

1.  Zaidi, S.A.H.; Zafar, M.W,; Shahbaz, M.; Hou, F. Dynamic linkages between globalization, financial development and carbon
emissions: Evidence from Asia Pacific Economic Cooperation countries. J. Clean. Prod. 2019, 228, 533-543. [CrossRef]

2. Marousek, J.; Marouskova, A. Economic Considerations on Nutrient Utilization in Wastewater Management. Energies 2021, 14,
3468. [CrossRef]

3. Sekar, M.; Kumar, T.P.; Kumar, M.S.G.; Vani¢kovd, R.; Marousek, J. Techno-economic review on short-term anthropogenic
emissions of air pollutants and particulate matter. Fuel 2021, 305, 121544. [CrossRef]

4. Marousek, J.; Marouskova, A.; Zoubek, T.; Bartos, P. Economic impacts of soil fertility degradation by traces of iron from drinking
water treatment. Environ. Dev. Sustain. 2021, 1-10. [CrossRef]

5. Alwan, Z; Jones, P; Holgate, P. Strategic sustainable development in the UK construction industry, through the framework for
strategic sustainable development, using Building Information Modelling. J. Clean. Prod. 2017, 140, 349-358. [CrossRef]

6.  Marousek, J.; Marouskova, A.; Kiis, T. Shower cooler reduces pollutants release in production of competitive cement substitute at
low cost. Energy Sources Part A Recovery Util. Environ. Eff. 2020, 1-10. [CrossRef]

7. Mahmoud, S.; Zayed, T.; Fahmy, M. Development of sustainability assessment tool for existing buildings. Sustain. Cities Soc. 2019,
44,99-119. [CrossRef]

8. Doskodil, R.; ékapa, S.; Olsova, P. Success evaluation model for project management. E+M Ekon. Manag. 2016, 19, 167-185.
Available online: http:/ /hdl.handle.net/11025/22057 (accessed on 16 September 2021). [CrossRef]

9. Stavkova, J.; Marousek, J. Novel sorbent shows promising financial results on P recovery from sludge water. Chemosphere 2021,
276,130097. [CrossRef] [PubMed]

10. Jandacka, J.; Holub¢ik, M. Emissions production from small heat sources depending on various aspects. Mob. Netw. Appl. 2020,
25,904-912. [CrossRef]

11. Coale, A.J.; Hoover, EMM. Population Growth and Economic Development; Princeton University Press: Berlin, Germany, 2015.

12. Fang, C.; Liu, H; Li, G. International progress and evaluation on interactive coupling effects between urbanization and the
eco-environment. J. Geogr. Sci. 2016, 26, 1081-1116. [CrossRef]

13.  Azari, R.; Abbasabadi, N. Embodied energy of buildings: A review of data, methods, challenges, and research trends. Energy Build.
2018, 168, 225-235. [CrossRef]

14. Korhonen, J.; Honkasalo, A.; Seppéld, J. Circular economy: The concept and its limitations. Ecol. Econ. 2018, 143, 37-46. [CrossRef]

15. Devasahayam, S.; Strezov, V. Thermal decomposition of magnesium carbonate with biomass and plastic wastes for simultaneous
production of hydrogen and carbon avoidance. J. Clean. Prod. 2018, 174, 1089-1095. [CrossRef]

16. An,].;Li, Y.; Middleton, R.S. Reducing energy consumption and carbon emissions of magnesia refractory products: A life-cycle
perspective. J. Clean. Prod. 2018, 182, 363-371. [CrossRef]

17.  Slovak Magnesite Works (SMW), Joint Stock Company, Jelsava. CCM 85 (Feed Material—Magnesium Oxide—MgO) Product
Code: 11.2.1 Calcined Magnesium Oxide Producer Registration Number: SK 400179. 2015. Available online: https://www.
smzjelsava.sk/sites/default/files /ccm85-en-v4.pdf (accessed on 17 March 2021).

18.  Selmo 2018 Periclase Powder PPE-88 (Dnipro, Ukraine). Available online: https://selmo.com.ua/poroshok_periklazovyy_ppe-
88/ (accessed on 12 September 2021).

19. Swanson, G. Magnesium Oxide, Magnesium Chloride and Phosphate-based Cements (Austin, Texas, United States). 2010.
Available online: http://www.greenhomebuilding.com/pdf/MgO-GENERAL.pdf (accessed on 12 September 2021).

20. Magnesium Oxide Board (MgO Board) Market 2018-2023 Analysis, Segmentation and Forecast appeared first on America
News Hour.

21. Zhangjiagang Oriental Construction Material Co., Ltd. Innovative home building system OCM boards and Housing Panel.

22.  American MgO LLC. MagTech Ultra Magnesium Oxide Board—Environmental Product Declaration. 2018. Available online:
https:/ /assets.northamericanmgo.com/documents/MagTech-Ultra-EPD.pdf (accessed on 12 September 2021).

23. Kibert, C.J. Sustainable Construction: Green Building Design and Delivery; John Wiley & Sons: Hoboken, NJ, USA, 2016.

24. Lushnikova, N.; Dvorkin, L. Sustainability of gypsum products as a construction material. In Sustainability of Construction
Materials; Woodhead Publishing: Sawston, UK, 2016; pp. 643-681.

25. Zhong, RY; Peng, Y.; Xue, F,; Fang, J.; Zou, W.; Luo, H.; Huang, G.Q. Prefabricated construction enabled by the Internet-of-Things.
Autom. Constr. 2017, 76, 59-70. [CrossRef]

26. Paolini, A.; Kollmannsberger, S.; Rank, E. Additive manufacturing in construction: A review on processes, applications, and
digital planning methods. Addit. Manuf. 2019, 30, 100894. [CrossRef]

27. STN 73 0540. Thermal Performance of Buildings and Components. Thermal Protection of Buildings. 2002. Available online:
https:/ /www.sutn.sk/eshop/public/standard_detail.aspx?id=128945 (accessed on 15 February 2021).

28. Li, P; Froese, TM.; Cavka, B.T. Life cycle assessment of magnesium oxide structural insulated panels for a smart home in
Vancouver. Energy Build. 2018, 175, 78-86. [CrossRef]

29. Nielsen, S.W.; Rode, C.; Bunch-Nielsen, T.; Hansen, K.K.; Kunther, W.; Grelk, B. Properties of magnesium oxide boards used
as sheathing in exterior walls. In MATEC Web of Conferences 2019; EDP Sciences: Les Ulis, France, 2019; Volume 282, p. 02091.
[CrossRef]

30. Rode, C.; Bunch-Nielsen, T.; Hansen, K.K.; Grelk, B. Moisture damage with magnesium oxide boards in Danish facade structures.

Energy Procedia 2017, 132, 765-770. [CrossRef]


http://doi.org/10.1016/j.jclepro.2019.04.210
http://doi.org/10.3390/en14123468
http://doi.org/10.1016/j.fuel.2021.121544
http://doi.org/10.1007/s10668-021-01636-1
http://doi.org/10.1016/j.jclepro.2015.12.085
http://doi.org/10.1080/15567036.2020.1825560
http://doi.org/10.1016/j.scs.2018.09.024
http://hdl.handle.net/11025/22057
http://doi.org/10.15240/tul/001/2016-4-012
http://doi.org/10.1016/j.chemosphere.2021.130097
http://www.ncbi.nlm.nih.gov/pubmed/33711796
http://doi.org/10.1007/s11036-020-01519-1
http://doi.org/10.1007/s11442-016-1317-9
http://doi.org/10.1016/j.enbuild.2018.03.003
http://doi.org/10.1016/j.ecolecon.2017.06.041
http://doi.org/10.1016/j.jclepro.2017.11.017
http://doi.org/10.1016/j.jclepro.2018.01.266
https://www.smzjelsava.sk/sites/default/files/ccm85-en-v4.pdf
https://www.smzjelsava.sk/sites/default/files/ccm85-en-v4.pdf
https://selmo.com.ua/poroshok_periklazovyy_ppe-88/
https://selmo.com.ua/poroshok_periklazovyy_ppe-88/
http://www.greenhomebuilding.com/pdf/MgO-GENERAL.pdf
https://assets.northamericanmgo.com/documents/MagTech-Ultra-EPD.pdf
http://doi.org/10.1016/j.autcon.2017.01.006
http://doi.org/10.1016/j.addma.2019.100894
https://www.sutn.sk/eshop/public/standard_detail.aspx?id=128945
http://doi.org/10.1016/j.enbuild.2018.07.016
http://doi.org/10.1051/matecconf/201928202091
http://doi.org/10.1016/j.egypro.2017.10.025

Sustainability 2021, 13, 12193 14 of 14

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

Aiken, T.A.; Russell, M.; McPolin, D.; Bagnall, L. Magnesium oxychloride boards: Understanding a novel building material.
Mater. Struct. 2020, 53, 118. [CrossRef]

Gravit, M.; Zybina, O.; Vaititckii, A.; Kopytova, A. Problems of magnesium oxide wallboard usage in construction. In Energy
Management of Municipal Transportation Facilities and Transport; Springer: Belgrade, Serbia; Cham, Switzerland, 2017; pp. 1093-1101.
[CrossRef]

Hansen, K.K.; Bunch-Nielsen, T.; Grelk, B.; Rode, C. Magnesium-oxide boards cause moisture damage inside facades in new
Danish buildings. In International RILEM Conference on Materials, Systems and Structures in Civil Engineering; Rilem Publications:
Paris, France, 2016; pp. 151-161.

Jays, N.; Olofinjana, A.; Young, D.J. Assessing variability in the hygrothermal performance of magnesium oxide (MgO) cladding
products of the Australian market. Constr. Build. Mater. 2019, 203, 491-500. [CrossRef]

Nghana, B.; Tariku, F. Field investigation of moisture buffering potential of american clay and magnesium oxide board in a mild
climate. J. Archit. Eng. 2018, 24, 04018023. [CrossRef]

Smakosz, L.; Kreja, I. Failure mode prediction for composite structural insulated panels with MgO board facings. In AIP Conference
Proceedings; AIP Publishing LLC: Melville, NY, USA, 2018; Volume 1922, p. 050004. [CrossRef]

Zheng, N.; Wu, D,; Sun, P; Liu, H.; Luo, B,; Li, L. Mechanical properties and fire resistance of magnesium-cemented poplar
particleboard. Materials 2019, 12, 3161. [CrossRef] [PubMed]

Smakosz, L.; Kreja, I.; Pozorski, Z. Flexural behavior of composite structural insulated panels with magnesium oxide board
facings. Arch. Civ. Mech. Eng. 2020, 20, 105. [CrossRef]

Sonkar, C.; Mittal, A.K.; Bhattacharyya, S.K. Comparative Study on Cold-Formed Steel Single-Stud and Multiple-Studs Wall
Panels with Magnesium Oxide Sheathing under Axial Loading: Experimental and Analytical. ]. Struct. Eng. 2020, 146, 04020224.
[CrossRef]

Dewangan, A.; Bhatt, G.; Sonkar, C. Analytical assessment of CFS wall-panels sheathed with MgO board. In Proceedings of the
International Colloquia on Stability and Ductility of Steel Structures (SDSS 2019), Prague, Czech Republic, 11-13 September
2019; p. 337.

Manalo, A. Structural behaviour of a prefabricated composite wall system made from rigid polyurethane foam and Magnesium
Oxide board. Constr. Build. Mater. 2013, 41, 642-653. [CrossRef]

Aiken, T.A.; McPolin, D.; Russell, M.; Madden, M.; Bagnall, L. Physical and mechanical performance of magnesium-based
construction boards: A comparative study. Constr. Build. Mater. 2021, 270, 121397. [CrossRef]

Rusthi, M.; Ariyanayagam, A.; Mahendran, M.; Keerthan, P. Fire tests of Magnesium Oxide board lined light gauge steel frame
wall systems. Fire Saf. ]. 2017, 90, 15-27. [CrossRef]

Martins, J.A.; Gomes, C.M.; Fontanini, P.; Dornelles, K. Comparative analysis on thermal performance of MgO and fiber cement
boards applied to light steel frame building systems. J. Build. Eng. 2019, 21, 312-316. [CrossRef]

Gnanachelvam, S.; Ariyanayagam, A.; Mahendran, M. Fire resistance of LSF wall systems lined with different wallboards
including bio-PCM mat. J. Build. Eng. 2020, 32, 101628. [CrossRef]

Ye, ].; Wang, X.; Jia, H.; Zhao, M. Cyclic performance of cold-formed steel shear walls sheathed with double-layer wallboards on
both sides. Thin-Walled Struct. 2015, 92, 146-159. [CrossRef]

Chen, W,; Ye, J.; Bai, Y.; Zhao, X.L. Improved fire resistant performance of load bearing cold-formed steel interior and exterior
wall systems. Thin-Walled Struct. 2013, 73, 145-157. [CrossRef]

AntoSova, N.; Belaniova, B.; Chamulova, B.; Janusova, K.; Takacs, J. The protection of environment during cleaning ETICS with
biocides. In Advances and Trends in Engineering Sciences and Technologies III; CRC Press: Boca Raton, FL, USA, 2019; pp. 281-286.
Belaniovd, B.; Antosovd, N. Technology of Double Thermal Insulation for the Repair and Energy Optimization of Existing
Thermal Insulation Composite Systems. Sci. Pap. ]. Civ. Eng. 2017, 12, 97-108.


http://doi.org/10.1617/s11527-020-01547-z
http://doi.org/10.1007/978-3-319-70987-1_118
http://doi.org/10.1016/j.conbuildmat.2019.01.111
http://doi.org/10.1061/(ASCE)AE.1943-5568.0000325
http://doi.org/10.1063/1.5019058
http://doi.org/10.3390/ma12193161
http://www.ncbi.nlm.nih.gov/pubmed/31569659
http://doi.org/10.1007/s43452-020-00109-y
http://doi.org/10.1061/(ASCE)ST.1943-541X.0002723
http://doi.org/10.1016/j.conbuildmat.2012.12.058
http://doi.org/10.1016/j.conbuildmat.2020.121397
http://doi.org/10.1016/j.firesaf.2017.03.004
http://doi.org/10.1016/j.jobe.2018.10.017
http://doi.org/10.1016/j.jobe.2020.101628
http://doi.org/10.1016/j.tws.2015.03.005
http://doi.org/10.1016/j.tws.2013.07.017

	Introduction 
	Materials and Methods 
	Results and Discussion 
	Results 
	Discussion 
	LCA 
	Moisture Properties 
	Flexing, Static and Mechanical Properties 
	Resistance Properties 


	Conclusions 
	References

