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ABSTRACT

This study serves as basic research for the development of a new wood-based building finishing materia that improved
the weakness of inorganic materials such as gypsum board and magnesium board widely used as interior finishing
materials and brought out the strength of the wood. The results of evaluating the physical and mechanical properties
and the environmental effect related to hazardous substance discharge having manufactured a wood-magnesium laminated
composite are as follows. The therma conductivity and thermal resistance of WML board was improved by about
28~109 percent over magnesium board due to the low thermal conductivity of wood. The adhesive strength of WML
board showed a similar result to that of plywood as it exceeds 0.7N/mr, the adhesive standard of wood veneer which
is presented by KS F 3101. Bending strength and screw holding strength were more improved by manufacturing WML
board than magnesum board. The WML board manufactured in this study satisfied the criteria for emissions of hazardous
substances prescribed in the Indoor Air Quality Control Act, and confirmed the possibility of development as a new
wood-based composite material that can replace existing inorganic materials.

Keywords: wood-magnesium laminated board (WML Board), therma resistance, interior finishing materials, total
volatile organic compounds (TVOC), radon, toluene, formaldehyde

1. INTRODUCTION

The importance of safety and the environment in
building materials for interior finishing is emphasized
now more than ever, and Sick Building Syndrome
(SBS), which adversely affects the hedth of occupants
due to indoor air pollutants, is caused by building
materials applied to indoor spaces. As a result, various

measures are being sought to secure appropriate indoor
air quality (Jang and Ryu, 2018).

In addition, due to a variety of advantages of wood
to human beings and the environment, studies are being
conducted around the world to replace parts of rein-
forced concrete structure, mineral materials, synthetic
resins, and metal interior finishing materials with
wood-based materials.
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Recently, with the globa use of CLT as materia
for wooden building, studies on CLT are being
conducted for fire safety, rationaization and improve-
ment of manufacturing process, performance securing,
and the like. Also similarly to this study, research is
being conducted for the development of Ply-lam made
by placing the mineral board, a refractory material, on
the core layer, and plywood on the surface layer in
the process of manufacturing CLT (Choi and Kang,
2018; Kim, et al., 2019).

It has been reported that bending strength and
dimensional stahility have been improved compared to
conventional CLT by manufacturing an aternating
lamination wood in which laminated board and plywood
are arranged at the center of the CLT (Choi et al.,
2015).

It has also been reported that if wood-magnesium
laminated composite, which is the same as that in this
study, is applied as an interior finishing material, the
wood-magnesium laminated board is applied on the
other side by moisture absorption and desorption
chemicals after being drilled in order to improve the
effect of indoor humidity control, and the measured
amount of moisture absorption and desorption satisfies
the green building material standard (average moisture
absorption/desorption amount of 65g/m?)(Jo and Park,
2019a). Jang et al. (2017) analyzed HCHO and TVOC
emissons and combugtion characterigtics of |ow-densty
fiberboard for building insulation and reported that
low-density fiber boards manufactured from melamine-
ureaformaldehyde (MUF) were more suitable for
building insulation. Wood is a combustible material
which has caused enormous human life and property
damage from fire, and in order to solve the problem
of its limited application as a building material, wood-
minerd composites have been developed. And in order
to secure fire retardant performance, a water-soluble
phosphorus fire retardant is applied by 250g/m?, 350g/
n?, 4500/, and as a result of evaluating the fire

retardant performance, it has been confirmed that all
the specimens met the semi-noncombustible material
criteria of Minigtry of Land, Infrestructure and Trangport
(KS F 1SO 5660-1:2015) and could be applied as a
building material complying with fire safety standards
(Jo and Park, 2019b). Lee et al.(2018) measured the
radon concentration of five wood species (red pine,
Japanese larch, hinoki cypress, sawtooth oak, northern
red oak), and reported a radon concentration ranging
from 0.00677[Bg/(m*h)] to 0.01517[Bg/(m*-h)], which
was negligible. As a safety precaution, it was suggested
that infrastructure made of wood material should be
designed in consideration of the inflow of radon, and
also constructed accordingly.

This study provides basic research for the deve-
lopment of wood-magnesium laminated board (WML
Board), which can preserve the advantages of wood
and replace mineral materials (gypsum, vermiculite,
magnesium, marble, tiles, etc.), synthetic resin products,
and metdlic building finishing materids that are widely
used and improve indoor air quality, noise environment,
fire safety, and seismic resistance. In this study, the
main drawbacks of minera building finishing materials,
which include mechanica properties such as thermal
properties, weak screw holding strength, and bending
strength, as well as improvement of pollutant release
and their applicability as an interior finishing materid,
have been reviewed.

2. MATERIALS and METHODS

2.1. Testing materials

2.1.1. Wood veneer

The wood veneer used to manufacture WML board
is Pinus Radiata veneer of 1.6mm thickness which is
manufactured by a plywood production company in
Incheon, Korea, with a specific gravity of 0.45 and
moisture content of 12.79%.
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Table 1. Basic properties of Magnesium board! used In this study

Screw

) . Moisture Thermal Modulus of . Radon
ltems Tf}l;kmn)ess SGprZC\:lllftl ¢ Content conductivity Rupture Wlst:gat/;:al concentration
y (%) (W/(MK)) (kgr/crr) s /ngm) (Bg/m'-h)
Magnesium
board™ 3.0 0.90 13.04 0.109 183.55 2.04 N.D.”
(MGO Board)
1. Jiahui Mgo Board Technical Data from Jiahui Co.
"2 Not detected
Lo Veneet_| o v
3mm Mg board .1.6mm-Veneer-. 3mm Mg board “1.6mm Veneer .
3mm Mg board 3mm Mg board ~1:6mm-Veneer- -1.BmmVeneer:
3mm Mg board - 1.6mm Veneer smm Mg board \1/1:\’5/ SW\] Ve Ei{(
- 1.6mm Veneer
3layer Mg board 3layer WML 5layer WML 5-layer plywood s ict
Test specimen cross section diagram ple picture

Fig. 1. Tested sample diagram and picture in this study (3-layer Mg board, 3-layer WML board, 5-layer WML

board, 5-layer plywood from the l€ft).

2.1.2. Magnesium board

Magnesium board (MGO board) used to manufacture
the wood-magnesium laminated board is a product of
the Chinese company Jiahui, whose basic material
properties are presented in Table 1.

2.2. Board manufacture

In this study, in order to compare the properties of
5-layer plywood, 3- and 5-layer wood-magnesium
laminated boards (3-layer WML board, 5-layer WML
board) and 3-layer magnesium laminated boards
(3-layer Mg board) were manufactured as shown in
Fig. 1. The adhesive used to manufacture the boards
was an a water-based EVA emulsion resin adhesive
(ethylene-vinyl acetate copolymer (EVA) 40~50%,
Water 40~50%, Etc. 10~20%) with a viscosity of
700-800 cpg/25C and a solid content of 58-61% manu-

factured by a company in Korea, with spreading amounts
of 200 g/ny, pressure of 7kg/er and cold press of 12
hours. The boards are produced a& 300 mm x 600 mm,
and the cross-section diagram and picture of the
manufactured boards is as seen in Fig. 1.

2.3. Testing method

In this study, 5-layer plywood, 3-layer WML board,
5-layer WML board, and 3-layer Mg board were
manufactured according to Section 2.2 above, and the
physical and mechanical properties of each materia
were compared and evaluated, while the environmental
suitability for application as an interior building
finishing material was evaluated in accordance with
the Indoor Air Quality Control Act (Ministry of
Environment, 2018).
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2.3.1. Physical properties

For the physical properties of the manufactured
boards, specific gravity, moisture content, thermal
conductivity and thermd resistance were measured. The
specific gravity and moisture content were measured
according to KS F 3104:2016 (Particleboard) and the
thermal conductivity and therma resistance were
measured and compared according to KS L 9016:2010
(Test methods for thermal transmission properties of
therma insulation) and KS M 1SO 6946:2013 (Building
components and building elements-Therma resistance
and thermal transmittance-Calculation method).

2.3.2. Mechanical properties

For the mechanical properties of the manufactured
boards, bending strength and screw holding strength
were measured according to KS F 3104:2016 (Pearticle-
board). In addition, for the adhesion between wood
veneer and magnesium board, Dry bonding strength
(shear adhesion) and water resistant shear adhesion
(Type 2) were measured according to KS F 3101:2016
(Ordinary plywood).

2.3.3. Pollutant emissions
In order to review the applicability of WML boards
developed in this study as interior finishing materials,

it has been committed to Korea Conformity Laboratories
(KCL) to messure the emisson amounts of tota volatile
organic compounds (TVOC), toluene, and formalde-
hyde (HCHO). Also, the concentration of radon (Rn-22),
which has been a controversiad mineral materia
recently, was compared with the emission standard
suggested by relevant laws (Ministry of Environment,
2018).

3. RESULTS and DISCUSSION

3.1. Physical properties

The measurement results for physical and mechanica
properties and environmental evaluation of the manu-
factured boards are shown in Table 2. The results of
measuring the therma conductivity and thermal
resistance of each board manufactured in this study
are shown in Table 2, Fig. 2 and Fig. 3. While the
thermal conductivity of 5-layer plywood made by
laminating 5 wood veneers was 0.099 (W/m-K), that
of 3-layer Mg board made by laminating 3 magnesium
boards was 0.250, which is about 2.53 times higher
than laminated wood veneers. The thermal conduc-
tivities of 3-layer WML and 5-layer WML which are
manufactured by laminating 1.6mm thick wood veneers

Table 2. Physical, Mechanical Properties and Pollutant emissions of tested specimens

Items Adhesion Modulus  Screw
. N/mm?
Sp.Gr L MC? tr;girgon i:;?ar;'gln ( ) of  withdrawal HCHO  Toluene TVOC  Rn-222
P (%) 7 Dry  Water Rypture strength (mg/m?h) (mg/m?h) (mg/m?h)  (Bog/md)
Materia (W/(mK))  (m*K/W) ponding resistant (Mpa) N)
shear shear

M?;'ig g 117 1313 025 36.00 2007 65329

3-layer s 4 3
WL poxg 082 1275 013 4627 099026 076t017 4343 75244  N.D. N.D. 0150 129
W;'I'_aﬁar 4 077 1216 014 7552 3202 868.87 ; ; ; .
F;‘_’;Va\'/y;' y 045 1279 009 80.81 4957 89582 - - - -

"1 Specific gravity, "% Moisture content, "% Radon concentration per unit volume,

"% Not detected
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Fig. 2. Thermal transmission of laminated composites.

on 3mm thick magnesium board were about 46% and
43% lower respectively than those of magnesium board.
Cemal et al. (2019) analyzed the correlation between
therma conductivity and density of wood and bending
strength, and reported that the thermal conductivity of
Scots pine and Sessile oak was 0.133 (W/m-K) and
0.160 (W/mK), respectively. This showed that the
therma conductivity of solid wood is higher than the
5-layer plywood and lower than the 3-layer Mg board
of this study.

Thermal resistance was 80.808 (m*K/W), the highest
in 5-layer plywood, 75.52 (m*-K/W) in 5-layer WML,
46.27 (m*K/W) in 3-layer WML, and 36.00 (m*K/W)
in 3-layer Mg board as shown in Fig. 3. With these
results, it was shown that by laminating 2 or 3 wood
veneers of 1.6 mm thickness on a magnesium board
to make 3-layer WML and 5layer WML, their thermal
resistances can be increased by 28.8% from 36.00
(m*K/MW) to 46.27 (m*K/W), and by 109.8% from 36.00
(m*K/W) to 75.52 (m*K/W), respectively. Therefore,
it is expected that with the manufacture of wood-
magnesum laminated composite in which wood veneers
are laminated on the surfaces of mineral materias such
as magnesium boards and gypsum boards widely used
as interior finishing materials, the natural advantages
of wood can be strengthened and the thermd resistance
can be elevated, which can contribute to energy saving
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Fig. 3. Thermal insulation of laminated composites.

with an improvement of the insulation effect.

3.2. Mechanical properties

The results of measuring the dry bonding strength
(shear adhesion) and water resistant shear adhesion
(Type 2) between wood veneer and magnesium board,
bending strength, and surface screw withdrawa strength,
which is used to manufacture four kinds of boards in
this study, are shown in Table 2, Fig. 4, Fig. 5, and
Fig. 5 respectively.

The adhesion between the materias refers to the
adhesion between disparate materials among four kinds
of boards, which evaluated the possibility of manu-
facturing wood-magnesium board by measuring the

140
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Fig. 4. Adhesion of 3-layer WML Board.
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Fig. 5. Bending strength(MOR) of laminated composites.

adhesion of wood veneer and minera materials
(magnesium board) which are considered to have the
weakest adhesion. As shown in Table 2 and Fig. 4,
the adhesion measured in accordance with the KS F
3101(Ordinary Plywood) standards of the EVA emulson
resin adhesive, used on laminated wood veneer and
magnesium board, were 0.99 N/mr in dry bonding shear
adhesion and 0.76 N/mr* in water resigtant shear adhesion
respectively. These are the values which exceed 0.7
N/mr, the adhesion standard of wood veneer suggested
by KS F 3101, and the delamination phenomenon in
the adhesive layer could not be confirmed even when
the bending load was imposed during the bending
strength test. Therefore, it is acknowledged that even
when manufacturing a board by laminating wood
veneers and magnesium boards with the room tem-
perature curing EVA emulsion resin adhesive which
is applied in this study, a good adhesive force equaling
that between wood veneers suggested by KS can be
secured.

The results of measuring the bending strengths of
the four kinds of boards which are manufactured in
this study are as shown in Table 2 and Fig. 5. The
bending strength of boards measured in accordance with
“KS F 3104 (Particleboard)” were the highest value
in 5-layer plywood (49.57MPa) and lowest in 3-layer
Mg board (20.07 MPa), 43.43 MPa in 3-layer WML,

1200
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Screw withdrawal strength (N)

3 layer Mg board 3 layer WML 5 layer WML 5 layer Plywood

Laminated Composites

Fig. 6. Screw withdrawa srength of laminated composites.

and 32.02 MPa in 5-layer WML as shown in Fig. 5.
With these results, it was shown that by laminating
2 or 3 wood veneers of 1.6 mm thickness on a
magnesium board to make 3-layer WML and 5-layer
WML, their bending strength can be increased by
116.4% from 20.07 MPa to 43.43 MPa, and by 59.5%
from 20.07 MPa to 32.02 MPa, respectively.

Therefore, it is expected that with the manufacture
of WML in which wood veneers are laminated on the
surfaces of magnesium boards, the bending strength
can be elevated, which can improve the durability of
mineral type materials.

The plane screw withdrawal strengths of the four
types of boards made in this study are as shown in
Table 2 and Fig. 6. As shown in the table and figure,
they were 895.82 N, the highest in 5-layer plywood,
and 653.29 N, the lowest in 3-layer Mg board. In the
wood-magnesium laminated composite, 3-layer WML
and 5-layer WML plane screw withdrawal strengths
were 752.44 N and 868.87 N respectively in wood-
magnesium laminated composites, showing that the
sorew withdrawal strength is stronger then that of 3-layer
Mg board, and that of 5-layer WML is closer to that
of 5-layer plywood. The screw withdrawa strength is
an importance factor to prevent interior finishing
materials from faling or being damaged due to earth-
quakes or impacts especialy when they are applied
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to walls or ceilings, shown in cases when finishing
materials such as gypsum boards, tiles and bricks of
ceilings or walls fell or were damaged during the
earthquake in Pohang in 2017 and in Gyeongju in 2016.
The wood-magnesium laminated composite manu-
factured in this sudy was proved to exceed 700N/15mm,
the standard for plane screw withdrawal strength of
18 type particleboard suggested by “KS F 3104, Parti-
cleboard”, and was able to improve on a weak screw
withdrawa strength, one of the wesaknesses that mineral
materials have by about 15 to 33% with WML boards.

3.3. Pollutant emissions

Hazardous substances generated from building finish-
ing materials are known to be a factor with a harmful
effect on human beings and the environment, and the
Korean government also enforces the “Enforcement
rules of the Indoor Air Qudity Control Act” [Attachment
3], [Attachment 5], (Ministry of Environment, 2018).
Main hazardous substances include formaldehyde, tol-

uene, total volatile organic compounds and radon con-
centration, and these substances are known to stem
mainly from mineral materials and adhesives. In this
study, emissions and concentrations of 3-layer WML
in which magnesum board and wood veneers are glued
together have been measured by the Korea Conformity
Laboratories (KCL).

According to the “Enforcement rules of the Indoor
Air Quality Control Act” [Attachment 5] (Ministry of
Environment, 2018), wood based pand products should
contain less than 0.12 mg/(m?h) of formaldehyde, 0.08
mg/(m?h) of toluene, and 0.8 mg/(m?h) of totd volatile
organic compounds.

The pollutant emissons of 3-layer WML board made
in this study are as shown in Table 2 and Fig. 7.

AS a reault of measuring the WML boards developed
in this study, formaldehyde and toluene were not de-
tected and total volatile organic compounds (TVOC)
was shown a 0.150 mg/m?h, complying with the stand-
ard provided by the Environment display authentication
criteria (EL248:2016). In addition, since the recom-
mended standards for radon concentration provided are
under 148 Ba/m by the “Enforcement rules of the
Indoor Air Qudity Control Ad” (Minigry of Ervironment,
2018), the maximum radon concentration of the WML
manufactured in this study was 21.3 Bg/m* and 7-day
average radon concentration was 12.9 Bg/n’, about
8.7% of the gandard, showing that there are no problems
in applying it as an interior finishing material.

The following Fig. 8 shows examples of WML
board prototypes developed in this study.

Table 3. Test results of Radon (Rn-222) concentration of WML board

Max. Rn Avg. Rn concentration Radon concentration per Radon concentration per
Items concentration for 7days unit mass unit area
(By/m’) (Bg/m’) (Ba/(kgh)) (Bo/(m*h))
3-layer WML 21.3 12.9 0.008 0.019
Criterion - Below 148 - -
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Fig. 8. Examples of WML board prototypes.

4, CONCLUSION

This study provides basic research for the deve-
lopment of a new wood-based building finishing
material that improved the weakness of inorganic
materials such as gypsum board and magnesium board
widely used as interior finishing materials and brought
out the strength of the wood. The results of evauating
the physica and mechanical properties and the
environmental effect related to hazardous substance
discharge from wood-magnesium laminated composite

manufacturing are as follows.

)

@

It turned out that it is possible to lighten the
weight of magnesium by laminating wood veneer
and magnesium board in 3 layers or 5 layers
and to improve the therma conductivity and
thermal resistance of magnesium board by about
28% to 109% as a building finishing material
due to the low thermal conductivity of wood.
Though wood veneer and magnesium are dis-
parate materias, the adhesive strength between
them has shown a smilar reqult to that of plywood
as it exceeds 0.7 N/mr?, the adhesive standard
of wood veneer which is presented by KS F 3101

©)

4

It is aso judged that there will be no problem
in applying it as an interior finishing material.
It appeared that the mechanical performance such
as bending strength and screw retention force
can be better improved by manufacturing wood-
magnesium laminated composite than that of
magnesium boards. In particular, the improved
screw retention force is expected to contribute
greatly to the prevention of finishing materials
from falling and damage from earthquakes or
impacts when constructed as wall or ceiling
meaterials.

The wood-magnesium laminated composite
manufactured in this study has satisfied the
criteria for emission of hazardous substances
prescribed in the Indoor Air Qudity Control Act,
and confirmed the possibility of development as
a new wood-based composite materia that can
replace existing inorganic materials.
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