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ABSTRACT

The flame retardancy, such as carbonized length and area, of four plank type wood products by the spreading
concentration and impregnation time of flame retardant were measured according to standard of the Nation Fire Agency
in Republic of Korea. To measure the flame retardancy, Korean pine plywood, Japanese larch plywood, Japanese cypress
planks, and perforated birch plywood boards were treated with self-development flame retardant by 300 and 500 g/m?
spreading concentration and those were compared with control specimen. In general, the flame retardant performance
of wood products improved as the spreading concentration of flame retardant increased. Except for Japanese larch plywood,
there was no significant difference in the flame retardant performance by the spreading concentration. The flame retardant
performance of perforated birch plywood board was positively correlated up to 60 minutes of impregnation time, but
then gradually decreased. These results about the flame retardancy of wood products by spreading concentration and
impregnation time were expected to be basic data for improving flame-retardant treated wood.
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burned, so it has been processed with anti-inflammatory

1. INTRODUCTION

agents to improve its combustion performance (Cha

Wood is a type of material that has aesthetic pat-
terns and is easy to process into different shapes, caus-
ing it to be commonly used for a long time as in-
terior/exterior building materials and furniture materi-
als in residential spaces (Seo et al., 2015; Seo et al.,
2016; Park et al, 2019). In general, consumers believe
that wood is vulnerable to fire, and to address the issue,
flame resistant agents and retardants are required to
be developed. Wood, as a combustible material, is py-

rolyzed to emit flammable gases to be ignited and
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et al., 2011).

By definition, flame retardant refers to a chemical
treatment to prevent continuous combustion or spread
even when a combustible is ignited with a flame by
restraining the combustion of the material through
physical and chemical combinations with the material
(Kim et al., 2014). Flame retardants may be classified
into three types depending on their effects (Son,
1988). The first type is phosphorus compounds that

restrain the generation of volatile substances created
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when a flammable material is burned by alternating
the pyrolysis process. The second type is an ammonia
and boron compound that disrupts the air supply to
combustion by coating the surface of the material or
generating non-combustible gas around the material.
The third is a halogenated compound, which is free
radical obstruction agent that prevents flaming com-
bustion from spreading.

In Korea, phosphorus compounds have often been
used to fire-proof wooden cultural heritage sites (Kim
et al., 2014). The flame retardants to preserve wooden
cultural heritage sites must be certified by the Cultural
Heritage Administration and the National Research
Institute of Cultural Heritage for distribution. Each
flame retardant has the different numbers of applica-
tion and spreading concentrations. Generally, it is re-
ported that the agents are applied 2 to 3 times and
approximately 200-1,000 g/m® is applied each time.
Commercial flame retardants consist of guanidine,
phosphorus, HEDP (1-hydroxy ethylided-1, 1-diphos-
phonic acid), etc.

There is research in progress on the performance
of flame retardants by application. One research found
that a Korean red pine with 300 g/m’applied on it
meets flame retardancy requirements in Korea. Appli-
cation of 400 g/m* or more reportedly forms white de-
posit on the surface of the material (Seo et al., 2017).
The Korean red pine that met the flame retardancy re-
quirements with commercial flame retardants showed
the carbonized length of 74-93 mm and the carbonized
area of 2650-3970 mm” (Seo et al., 2017; Choi et dal.,
2011).

Anti-inflammatory treatment methods include: ap-
plication, which sprays or directly coats flame re-
tardants on the surface of the wooden material, lining,
which attach metal plates or other non-combustible
materials, and impregnation, which penetrates flame
retardants into the wooden material, depending on the

characteristics of the combustible material (Kim and

Hyun, 2009; Cha et al., 2011). For wood materials and
wooden products, the anti-inflammatory method of
spraying or brushing flame retardants has been typi-
cally used after the materials or products are installed
in the structures (Min et al., 2012), and research has
been conducted on flame retardant impregnation times
from 10 minutes up to 240 minutes to apply the im-
pregnation method (Lim et al, 2008; Park et al., 2011,
Kim et al., 2012; Kim et al., 2013). As it was reported
that application of commercial retardants to a Korean
red pine is more effective than impregnation (Choi et
al., 2011), research is required to present appropriate
treatment methods for different types of flame re-
tardants and treated materials.

Combustion characteristics and flame retardancy of
the material to be treated are critical factor in ignition
prevention and fire suppression in the initial stage of
a fire (Cha et al., 2011; Dobele et al., 2007; Lim et
al., 2008). The flame retardancy methods may be sep-
arated by the direction and material of combustion,
and metrics during combustion (Min et al., 2012). In
Korea, flame retardancy is measured with the 45°
Meckel’s burner method and the methylamine method.

The evaluation criteria of the performance based on
the flame retardancy standards of the National Fire
Agency (announcement no. 2019-2) include remaining
flame time (time after the flame is removed until the
combustion with flame stops), smoldering time (time
after the flame is removed until the combustion with-
out flame stops), carbonized area (area combusted by
the flame), and carbonized length (the longest part of
the combustion by the flame).

This research evaluated flame retardancy depending
on the spreading concentration and impregnation time
of phosphorus flame retardant by measuring carbon-
ization length and area on four types of wooden mate-
rials based on the flame retardancy through the 45°

Meckel’s burner method.
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2. MATERIALS and METHODS

2.1. Testing materials

The flame retardancy test used Korean pine (pinus
koraiensis) plywood, Japanese larch (larix kaempferi)
plywood, Japanese cypress (chameacyparis obtusa)
planks, and perforated birch (betula platyphylla) ply-
wood boards. The dimensions of the test specimens
were 190 mm (width) x 290 mm (height) x 10 mm
(thickness) as specified in the 45° Meckel’s burner
method based on the flame retardancy standards of the
National Fire Agency. The birch plywood boards were
perforated with 980 holes per unit area (m?). Four
types of wooden products were used to measure flame
retardancy by the spreading concentration of flame re-
tardant, and perforated birch plywood boards to meas-
ure the performance by the impregnation time. Korean
pine plywood, Japanese larch plywood, and Japanese
cypress planks were selected because they are com-
monly used as interior finish and building materials
in Korea (Lim et al., 2007; Song et al., 2015). Perfo-

rated birch plywood boards were selected because it

is often used as a high-end finishing material and has
superior strength and durability, and research was pub-
lished to develop mass-productive objects through la-
ser processing (Song, 2011). The test specimens were
manufactured in sufficient quantities to repeat each
process three times including untreated control groups.
The manufactured specimens were humidified for 24
hours until they reached constant weight in a ther-
mo-hygrostat under the conditions of 23°C and 50%
humidity and retained for 2 hours in a desiccator with
silica gel in it based on the flame retardancy standards
before being used for testing. Refer to Table 1 for ab-
breviations related to the specimens used in the

experiments.

2.2. Flame retardant

Phosphorus flame retardant was used for application
and impregnation. The flame retardant was a phospho-
rus and boron compound that mainly consisted of dia-
mmonium phosphate ((NH4);HPO,), sodium borate
decahydrate (Na,B4O; H,0O), phosphoric acid (H;PO,),
and polyethylene glycol #600 (H(CH,CH,O)nOH).

Table 1. Abbreviation list for specimens used in this study.

Abbreviation Samples Flame retardant condition Treatment method

A - -

B Pinus koraiensis plywood 300 g/m? spreading
C 500 g/m* spreading
D - -

E Larix kaempferi plywood 300 g/m? spreading
F 500 g/m’ spreading
G - -

H Chameacyparis obtusa louver 300 g/m? spreading
1 500 g/m? spreading
7 - -

K 150 g/m? spreading
L Betula platyphylla perforated plate 300 g/m? spreading
M 500 g/m? spreading
N 10, 30, 60, 90, 120, 240 min impregnation
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This inorganic flame retardant is transparent without
any color to expose the grain and patterns of the wood

while maintaining the clean surfaces.

2.3. Spreading and impregnation treatment

The amount, method, and number of applications to
analyze the flame retardancy with different spreading
concentrations were determined based on the results
of preceding research on commercial flame retardants
(Son and Han, 2014; Seo et al., 2017). It was deter-
mined to apply 300 g/m* and 500 g/m’ to the Korean
pine plywood, Japanese larch plywood, and Japanese
cypress planks and 150 g/m? 300 g/m’ and 500 g/m’
to the perforated birch plywood boards. The applica-
tion method involved brushing the flame retardant un-
til the surfaces of the specimens were sufficiently
soaked, drying them for 24 hours at a temperature of
23 °C and a 50% humidity, reapplying the agent, and
repeating the process three times. The impregnation
time of 10, 30, 60, 90, 120, and 240 minutes was also
determined to analyze the flame retardancy with dif-
ferent impregnation times in flame retardant based on
the conditions of a precedent study (Lim et al., 2008;
Park et al., 2011, Kim et al., 2012; Kim et al., 2013)
where the specimens were immersed for each treat-
ment time in containers providing complete submer-
gence of the specimens at a temperature of 23 °C and
a humidity of 50%. Refer to Table 2 for the flame-re-

tardant treatment methods.

Table 2. Treatment method of flame retardant.

2.4. 45° MecKel’s Burner Method

The flame retardancy was assessed through the 45°
Meckel’s burner method stated in Article 20-2 “Flame
retardancy standards for flame-resistant objects (the
National Fire Agency announcement no. 2019-2)” of
the enforcement decree of the Act on Fire Prevention
and Installation, Maintenance, and Safety Control of
Fire-Fighting Systems. As shown in Fig. 1, the experi-
ment used the 45° combustion measuring device for
the wood combustion, and butane gas as specified in
KS M 2150 (liquefied petroleum gas) to fuel com-
bustion. The specimens were secured on the support
in the 45° combustion measuring device and the flame
from a heating device with a 65 mm length contacted
the bottom in the center of the specimens. Each speci-
men was heated for two minutes and for the specimens
that caught the flame, the heating device was removed
two seconds after the specimen caught fire. The flame

retardancy was measured through the remaining flame

Fig. 1. The image of 45° MecKel’s burner tester.

Treatment method

Treatment condition

The specimen was brushed with flame retardant liquid. And then the conditions of the

Spreading method

specimen and of the environment were the following: temperature 23 °C, relative humidity

50% during 24 h. The process was repeated three times.

Each of specimens were immersed in flame retardant liquid for 10, 30, 60, 90, 120, 240

Impregnation method

min. The conditions of the specimen and of the environment were the following: temperature
23 °C, relative humidity 50%.
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time (s), smoldering time (s), carbonized length (mm)
and carbonized area (mm?®) of each specimen. Refer
to the “flame retardancy standards for flame-resistant
objects” for definitions of each anti-inflammatory
metrics. The standards require the remaining flame
time (after the flame of the burner is removed until
the combustion with flame stops) to be 10 seconds or
shorter, the smoldering time (after the flame of the
burner is removed until the combustion without flame
stops, excluding the time that the flame remains) to
be 30 seconds or shorter, the area carbonized by the
flame to be 5,000 mm? or smaller, and the carbonized
length (the length carbonized by the flame) to be 200

mm or shorter.

3. RESULTS and DISCUSSION

3.1. Flame retardant performance of wood
products treated with different
spreading concentrations

Table 3 and Fig. 2-5 show the remaining flame
time, the smoldering time, the carbonized length, and

the carbonized area measured by the 45° Meckel’s

burner method with different spreading concentrations
applied to the four type of wood products. Regardless
of application of the flame retardant, both the remain-
ing flame time and the smoldering time were 0 sec-
onds, meeting the flame-retardant performance standards.
However, the topic requires further study as smoke
poses a bigger threat than continuous combustion in
the event of a fire (White, 2000).

The test of untreated specimens showed a carbon-
ized length of 127.8-176.2 mm and the treated ones
showed a length of 81.1-116.5 mm, satisfying the
flame-retardant performance standards of 200 mm. The
carbonized areas of the untreated specimens ranged
from 7461 to 8987 mm?, failing to meet the standards
requirement of 5000 mm?, while the testedspecimens
treated with the flame retardant, except for the ones
with spreading concentration of 150 g/m? showed up
to 4019 mm? of the area, which meets the standards.

For Japanese larch plywood, the carbonized length
and the carbonized area decreased from 100.9 mm and
4019 mm’ to 79.6 mm and 2848 mm” as the spreading
concentration increased from 300 g/m? to 500 g/m’.

On the other hand, the preceding study using a com

Table 3. Flame retardancy of wood products treated with difference spreading concentration.

Remaining flame time (sec)

Smoldering time (sec)

Carbonized area (mm?)  Carbonized length (mm)

Sample 3
less than 10 sec less than 30 sec less than 5000 mm less than 200 mm
A 0 0 8949 158.6
B 0 0 3286 87.0
C 0 0 3184 81.1
D 0 0 8987 164.6
E 0 0 4019 100.9
F 0 0 2848 79.6
G 0 0 8829 176.2
H 0 0 2506 84.4
1 0 0 2456 81.8
J 0 0 7461 127.8
K 0 0 5151 116.5
L 0 0 3694 95.1
M 0 0 3004 86.1
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Sample Specimen before test ~ Specimen after test Sample Specimen before test ~ Specimen after test
A
B
C
Fig. 2. Result of flame retardancy test for Pinus Fig. 3. Result of flame retardancy test for Larix
koraiensis plywood treated with difference spreading kaempferi plywood treated with difference spreading
concentration. concentration.

Sample Specimen before test  Specimen after test mercial flame retardant containing guanidine and

polyphosphate (Ho and Seong, 2004) found that even
the spreading concentration of 500 g/m’ did not meet
the flame retardant performance standards. This dem-
onstrates that the phosphorus flame retardant is more
effective for Japanese larch plywood and perforated
birch plywood boards. It is known that effective flame

retardant first decomposes and carbonizes cellulose,

which is a main ingredient of wood, at a lower temper-
ature (< 300 °C) and generates fewer volatile sub-
stances (Park et al, 2012).

The perforated birch plywood boards showed the

carbonized length and area of 116.5 mm and 5151

mm?* with 150 g/m? of the agent applied, which does
not live up to the standards, however, as the spreading

concentration increased to 300 g/m’, the length and

- the area were significantly reduced to 95.1 mm and
Fig. 4. Result of flame retardancy test for Chameacyparis

obtusa plywood treated with difference spreading
concentration. standards. Although the carbonized length and the

3694 mm>, reaching the flame retardant performance
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Sample Specimen before test  Specimen after test

13

Fig. 5. Result of flame retardancy test for Betula
platyphylla plywood treated with difference spreading
concentration.

carbonized area tend to decrease as the spreading con-
centration increases, improving the flame-retardant
performance as mentioned above, Table 3 demon-
strates that the tendency is not pronounced with
Korean pine plywood and Japanese cypress planks.
This is consistent with the outcomes of the previous
study, where an increase in the concentration of the
flame retardant did not significantly affect the carbon-
ized area in coniferous trees (Park er al., 2012). It is
thought that the difference between the species of tress
is caused by the application, which only spreads on
the surface of wood.

The performance of the flame retardant used in this

study satisfied the standards set by the National Fire
Agency with the spreading concentration of common
commercial flame retardants. However, different wood
products and tree species shows different effect of the
improvement in the flame retardant’s performance as
the spreading concentration increases, implying the
necessity of additional study on the species of trees.
Since the perforated birch plywood boards with 150
g/m* applied exceeded the standards, a study should
be conducted to verify the cost-effective spreading
concentration that passes the flame retardant perform-
ance standards with 300 g/m’ or less for the industrial

use of flame retardants.

3.2. Flame retardant performance of
perforated Betula Flatyphylla
plywood boards treated with
different impregnation times

Table 4 and Fig. 6 show the remaining flame time,
the smoldering time, the carbonized length and the
carbonized area measured for perforated birch ply-
wood boards through the 45° Meckel’s burner method
with different impregnation times.

Regardless of the impregnation time, both the re-
maining flame time and the smoldering time were 0
seconds. All the test specimens treated with im-
pregnation met the standards of the carbonized length
of 200 mm and the carbonized area of 5000 mm®. The
impregnation time and the flame retardant’s perform-
ance showed a positive correlation for the first 60 mi-
nutes, but the curve grew flatter gradually after that.
After 90 minutes into the impregnation, the carbonized
length and the carbonized area rose. This demonstrates
that little flame retardant penetrates into wood after
60 minutes, which is consistent with the preceding
study (Kim et al., 2013), where the weight of imported
sawn wood hardly increased after the first 60 minutes
of impregnation. The flame-retardant performance of

birch plywood boards with different impregnation
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Table 4. Flame retardancy of Betula platyphylla perforated plate treated with difference impregnation time

Remaining flame time (sec)

Smoldering time (sec)

Carbonized area (mm?) Carbonized length (mm)

Sample 2
less than 10 sec less than 30 sec less than 5000 mm less than 200 mm
N-10min 0 0 3576 100.5
N-30min 0 0 3341 90.6
N-60min 0 0 2673 81.8
N-90min 0 0 2604 78.5
N-120min 0 0 2781 80.1
N-240min 0 0 2730 83.3
Sample Impregnation time Specimen after test Impregnation time Specimen after test
P | O
10min 90min Is 3 . ¢
N 30min 120min
60min 240min

time.

times in this study was similar to a previous study that
found a significant improvement of the flame-retardant
performance after 30 minutes of impregnation for
Korean ash trees, maple trees, and oaks (Lim et al.,
2008). However, considering a preceding study that
resulted in arelatively low flame-retardant perform-
ance with the carbonized length and area of 105.0 mm

and 4750 mm? respectively after pine wood specimens

were immersed for 72 hours, it seems that the optimal
impregnation time depends on the species of the tree.
An earlier study on the flame retardant’s performance
after poplar was immersed in APP (ammonium poly-
phosphate) for 10 minutes concluded thatammonia and
water generated by decomposed APP dilute combus-
2016).

Therefore, it is believed that diammonium phosphate

tibles to enhance the performance (He,
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used in this study was pyrolyzed to generate ammonia
and water, raising the performance of perforated birch
plywood boards.

The flame retardant’s performance of the perforated
birch plywood boards met the performance standards
of the National Fire Agency after 10 minutes of im-
pregnation, but the appropriate impregnation time was
determined to be 60 minutes. In addition, further stud-
ies on a variety of tree species and wood products are
required to verify the most effective impregnation time

for popular wood materials in Korea.

4. CONCLUSION

This study analyzed the flame retardancy with dif-
ferent spreading concentrations and impregnation times
of four types of planks by measuring the remaining
flame time, the soldering time, the carbonized length,
and the carbonized area and concludes the following:

1) Flame retardant performance testing resulted in
performance improvement through decreased carbon-
ized length and area with increased spreading concen-
tration of flame retardant on Japanese larch plywood
and perforated birch plywood boards, but the tendency
was not distinct for Korean pine plywood and
Japanese cypress planks; and

2) Flame retardant performance testing showed a
positive correlation between the impregnation time
and the flame retardance performance until 60 minutes
into impregnation of perforated birch plywood boards,

but the curve was gradually flattened after that time.

This study verified the flame retardancy of the four
types of wood plates and as a result, phosphorus flame
retardant effectively prevented flames for Japanese
larch plywood and perforated birch plywood boards,
and the best impregnation time for perforated birch

plywood boards was 60 minutes.
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APPENDIX

(Korean Version)

SRS =2 JRAAZE Zolo wE EAAIE] A

251439 WYY BAAB A =2 AN G2 FEYES BAS] 91510l 2] BT

wteh SRS Sakdolot BEFEAS SRkt ST A, dS F, Ay

A FAAE 22 300, 500 gl XS PN A g AuHT vlmsect duyoR Aol ExYol
H

Z7Kapol wet ebdolol ehabnso] gaste] WAl F75He HeS UERIOU, a4 BB Aglst Bapolet
B A o] 24 Stk BRARE AR G HAAI B WAL 608l AL o) AU
A UeRIOM, 1 ol% 43 Sk AL BTk BEAY B2 AN HE BANEY YA FF

= =
Fads 710l e 2 549 Aits A% 7|2ARR olgE AL ddrh

LME

e Aud FHE AU, kst JeR 9] 7hro] Golgt AE e AREHN d25E A58 W-o8A, A
o FAFT ) o] 8E o] Yth(Seo et al., 2015; Seo et al., 2016; Park et al.,, 2019). LYRFA 07 AH|RES ZA)7) 3o
FHoFslth= QIAE AYaL glon, ol2idt BAY s dS flote] WEAet daAA 55 /o] Fash Agolr). EAl= AR
AR A Ed 49, dEsE] 7t TAE &St FoE]o] Aadly] i EAY dadEE s
Qgt o s AAE S8 FdA st A= ojgtrhCha et al, 2011).

WAL APA on|= 7hAA] B0 EES HdeE AL Al AaEAY MAR] GHeE §17] fIek 2ehA AejofEo]
o, AEete] 2] - 3eHA At Tl AR AAE AAAIHKIm er al, 2014). WH A= 28 Aol wpz} 3742] H32
2 258 4= Sitk(Son, 1988). A HA, 7144 Ar] A4 i S HIAZ o ZH A4 Dste Y 549
AL AdAstE ¢ SHEA, & HA, 718 ARY 29 ZHSAY AR 390 EAVAE HEAA da FoAte
Tae Wolshe ¢EYot RtEA e FAIRE, Al M, B2 A4 AuE WR|she Afud WAl dEAd
SHEA o]}

YA = ERESA BES et WA & Q1A 3ghE WEAT} ol &= ol THKim ef al, 2014). E2E31A 2
HES RN YAAES AL SRS A F00A Q1F-E Wol f-3 5L Siet Z4H7He] WAl S5 R S0 whet
EEZp0} £ ¥ES th2 s Hgsley), duboR mE3IS 2-33)o|n 18] EEFS oF 200~1000 g/m’ O 2 KT,
FEEHE HAAY FEAARES oty dA, 1A, HEDP(1-Hydroxy Ethylided-1, 1-Diphosphonic acid)A| o] $ith.

HaAle] Exefol whE iAol digt A7 AE I Qlrk Avbol] WA 300 gm’E =S Ao ) WA
& THESH A7t 9o, o] uf WHAIE 400 g/m’ o]Af EES 49 Amo] Hro] WM YHEo] YA Et HIE Qi
(Seo et al., 2017). 48 BAAE Lubio] Lxsto] PH571ES TS Aol 7449 g3tdol= 74~93 mmo] WIS
on, g3hHA-L 2650~3970 mre] HFTHSeo et al., 2017; Choi et al., 2011).

WA e 71 A B4l whet Aolsiut WEAE A ®Hol| AU A Bt BEH, a5y
71t 2AAE SAFH F2A7)= gold(lining)H, FAAE S W7 AFAI7]= T3 (impregnation) 5 A 714
2 s 4 §Ith(Kim and Hyun, 2009; Cha ef al.,, 2011). YW o2 S0} Aol tiet B A 2= A&l A5d
ol WAAE Axzgo] AFIAU Rog Al WAlo] o]&Fo] FOm(Min er al, 2012), TS A-E3817] fI5to]
FAAel gt AAAITHE 24 10504 Hdf 240808 A-8-6l= ALE0] S ATHLim et al., 2008; Park et al., 2011;
Kim et al, 2012; Kim et al., 2013). &Up5o] A8 WAAE AHejste 2 A 0| vlste] EaxAe|e] anrt $46icka
H1E|0](Choi et al, 2011), FHA 9] FFY Ag] AR BE AL HepddE AAsl= A7 Dag gsolth

HAAE diEe] AaSAAT Ha95S 3 2719 H3PUA] 9 3 W] JAIE 913t F8 Qao|th(Cha er al., 2011,
Dobele ez al., 2007; Lim et al., 2008). *FH/d-5-2 S48k S A4 A d4ds 9 A4 F S35 vt 128
4 QITiMin er al, 2012). =iollxe WEAEe SWHOE WUy F 45° dAH T WRoIHE Afesiar ik
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1AL A2019-22) 474@ YIS PHPRE AGANERE AAT e 22 27
29 golx) ohlstn Aashi Aelrt 13
stof &

& Fojl B& F 7 71 )9

2, Mz 3

2.1, Testing materials

WAXs NS Yool AUT(Pinus koraiensis) T, YA (Larix kaempferi) T, HWMUY(Chameacyparis obtusa)
A, eg-A el E AR Betula platyphylla) T35 ©o]-8350th AL 24 9] W4 57129 45° dAu ol AA|
03 201 73 190 mm < 42290 mm = 74 10 mnst AL AR SIOLE SRTA) 807 375
QS oL Shick S Sl G W] S0l 459l SAAE0l olgHgon, B0 e
Satnel 8% A A Dol STEHOE S A, G g, BN S A A A
AFEEL S 2Q SEo|n] AZARE wo] AFSET Qi A8 AR MAEQICHLim ef al, 2007, Song ef al., 2015).
A QS DA 5 Agel sl el Hold ol Slom dlolAl Zkgetel I £FE el
L o7} B} 9lof(Song, 2011) EFEAEE AU Stk AW o R AAstact AlFHS HuE HEP =37
x2S EZFete] Ay 3 WS 993 o g AxHth Axd AFHLS FEA57IE0l ASte] go] 2
T7HA] 2% 23°C, Hie 50% £219] 2557 00N gl =2 fi7hx] 24417 25A 2R 3 A2t AL ¥ dAAlE
QellA] 2A17F 5ot Hol & & Ao ARgstith Aol AHEHE AIFHY Fo] FHS Table 1] 2|5kt

(e

A

2.2. Flame retardant

AA FHAE olgste] mx B YAAE sk YHAle ¢, T4 e EA =8 A& Diammonium
phosphate((NH4),HPO,), Sodium borate decahydrate(Na,B4O; H,O), Phosphoric acid(H;PO.), Polyethylene glycol
#600(H(CH.CH,0)nOH)o|t}. 7] A o] &dl= WAl FAEET Mdos WaAe] Al s49 2o FH& d=
E=EA7IN 2HE AR AR 2ud 4 e Aol Jth

2.3. Spreading and impregnation treatment
HHA Y ez Apolof whE WHdTe A5 A3t L2, 2y, EESlee A8 YAl gt
7'4—]-(Son and Han 2014; Seo et al., 2017)E vlgto & AAsIck Lxaks 2R o U4is g, iy B9
£ 300, 500 g/mzi AAsta, el E)E AAE ko] 49 150, 300, 500 g/m o2 AAsIgch =X

lmu Eio] 325 22 b £ ol g3 PAAZ ME TS £F 23°C, K 50% RA)H 2447 A% F ThA
S she s wyo.w 33] aslaln) WAl AAA0e HE RS BAs 98 A0S A4 AReT
(Lim et al., 2008; Park et al., 2011; Kim et al., 2012; Kim et al., 2013)9] 272 2183}4] 10, 30, 60, 90, 120, 2405202
RASIAOR L5 23 °C, G 50% BAIA AlBHo] FE3] 14 Al §7] WolA] 229 HelAzrae AAA
olo} e WA Hel g Table 20 Helsheict.

_r;

2.4, 45° MecKel's burner method

WA/ E ke S, A AR R k] o et HE AR A202 Al2E) fdthdEe] HEdsTIR(@
WAHILA A2019-2F)70] AAIE 45° HAHIHE H-gsto] =G} £ “G‘OHH AREEE B ALAYE A= Fig.
13} 7o), 45° AASAAXE ALl A4S 98t ARE= KS M 2150(H3HA-G712)of] AAE He7tAs
|FH-2 45° A5 A2 W] ddio] 1A 3 65 mIrH o)’ 7FE2) 8] EEo] AIFHY FYF sido] A
seiet. 7HaA el ZF A A tste] 2& i‘ﬁﬁﬂﬁiﬂﬁ 7HE Foll AAEl= ARHS 2kglo] WARE 22 Fof] 7HEHAE
AABEATE ZF Al@Hol] tisted ZAAITKs), FHAIAZKs), Bk ol(mm), Bt H(mm’)e] WA s st “ddniar
=9 Fed571E 242 ol tistel AgojElo] qlok By BES AAT i LS uw dasks AL

>

>.,
Ll
°
o
QL
4%
o

d
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Flame Retardancy of Wood Products by Spreading Concentration and Impregnation Time of Flame Retardant

2 w7 o] AZHE Sujshe gl 102 oW, MU 232 AlAR RE E3te &TA] o3l daske At
2 7R o] ARHEE ] 71 S4ke] AlRR A Ql)E ofvlshe dAIAIEe] 302 o, B3] ofsf ThekE w2 o] 5000
mm® oW, Bo| o3 ©ElE LolS ofulsh: ©etdol7t 200 mm ofuje]ofof gtk

3. Zn H u¥

3.1, Flame retardant performance of wood products treated with difference spreading concentration

EAAE 450l e FEA O =2 Afolo] uhE 45° HAMU RS o] &ste] FAAEY] 4%l gt = Aolof mhE
AR, AN, debdo], eapH A2 45° WA H S o-gste] £33 ZE Table 3, Figs. 2~5¢] AAIsH3IT

JAA AR AR o] ek dakgle] BF 022 SHH Gk AT AT FaA 2|eF FskA
PHLE7EE BF wEsgl o, S A A4 &ETh dA7]9 W] o & A7 2 4 JeuR o]o tigh
F7H2 A7t Bag ZAow woHETWhite, 2000).

gobdol= WAAE HA b2 AFEA 127.8~176.2 mme] {4, A2 E AFHA 81.1~116.5 mme] Y=
ZA =)o) 45712 200 mmE TSI ehelu A AR H A g2 AT A 7461~8987 mm’o] W 9jE W4
3571791 5000 min*S BHESRA 25k o], EEF 150 gt Aleh $hH e AGHAA L 2} 4019 PR S o]
A2 TS,

A ey Apolof upg ©abdolo} gtohd A2 Yld oAl mzFo] 300 g/mofl A 500 g/m' o2 Frighe] et
F &

o

AR A3 Ao} Bl g wi(Ho and Seong, 2004), 500 g/m'e] =EF A= WY d57|5S WEekA] 23 Aor Hag
a glek. Az o2 oA WAl dad A e A YR oA 9t HAA TS ek St
WA E W 25(< 3000) o)A BAje] 8 5 AERAE HA Lot gabA7| 1 3y 588 2A AAdske
Aoz A AthPark et al., 2012).

ey A 2 E AT ol A grelolol ehehi A mxeko] 150 g/mofl A 116.5 mme} 5151 mm’ 22 WA 7%
THEBHA] FYATE TEEFO] 300 g/m' 08 F7kgte] wheh 95.1 mmet 3694 mm'E £ £OF FHadte] WA TR TS
ch. o9} o] WrAA| Q] ExeFo] Zriglo| upel gzl ole} gtslH A o] Fhaste] WA o] T AEE YERH oL,
Table 3] AAH Az} Zo] A el Haubs BAol A 1L HgFe] F8iab] okgth ol WAl v& Sl w2
AA5E) erstH o] & AIFE VehlA] o2 AYdT Atet fARE A3S deb=dl(Park ef al, 2012), EEA =
B4 O R S]] wfio] 4% Ato|o] WAL WS AOoR ALREC

B Afe] ol 8 WAAY] A5 U S WAl EEFS AL A AU WAV &S WSSk 13y
Tk F7b| i AT Y adke EAAES o uet Zolg Uetfo] Bt trefeh EAAIE #=Eo
gt 7k42l A7k Hasgh AoR AnH e E AR oA 150 gm e A S ¥ s IES
A3l Ao Vel A9 A E o] 8-& 9lsto] maEgF 300 g/m' o|5ke] 27N WA FIES T st BAA
e EEFE e ATt Basit

3.2, Flame retardant performance of Betula platyphylla perforated plate treated with difference impregnation time

ERaA] 2] AR ol tisto] WA FAAZE Afolof whE ZHFAIRE, ZHAXZE, ©ek o], BElH A S 450 WA
W& olgste] 4% AWE Table 4, Fig. 691 AAsI3IT)

AT ZAIARES WA S] IR Aiglo] BE 022 S Eich WAl JAE Al7Ee Aojof ©hE w3k
ojo} etelma] 24 A, A AP E e APHA YA E7IE 200 mme} 5000 mm*E THESIY O, 605-2] H A7
A MR AT ko] ARTAE HYlou, T o)% HAt eIt ek et 9049] HAAZE o] % habole}
SEPHAS F7FskGlth o= MAAITE 604 o] T WAAIZH HAjo]l TSt ool A9 gle Aoz AEY, Y A ES
AR AT T S| 57171 602 o 5o A9 UeA] b= A ATHKim er al., 2013)9F SUE A ek
i Aol A AR o] sl 3| HAAAT T BHAE TS A S U, SV, AU A A A
302 ool Al Aol 2A FE e AR AHLim ef al., 2008)2F FASHATE ZLefuh AU AR HE 72417t 52t
AR A A3t webdo)o} etsbr o] 2k2F 105.0 mm, 4750 mm’ 0 & ZAE o} At F 0w Ve WS Vel A
Tot HlwahH = 23 x| Aol Adoldt Ao g ekt 2Ee|E APP(ammonium polyphosphate)o]l 104 &3t A|A|

4
A

- 429 -



Sohyun PARK - Yeonjung HAN * Dong Won SON

A GFA5S ST AP AtollA APPY afofl Qs AAAFHE muote} Eo] 714 B 4ste] ddde s =it
+ AY%E B3 v} Qlth(He, 2016). wfeba] & AtoflA] AR A9 A o4 Diammonium phosphateo] & +2af|% o]
ARE gryole} Fo] B eE A2hE e WHdes B A0E AtrE:

QAN ] w2 e A 2] A2 gte] s JAAA Y 107 odollA A9 Wil s718s THEsee
2 JAAZEE 6052 Aow =EH QI E3F S §-8 pFol it A JAARES 2Eeh7] 13 thRt E A4
Fol et F74Ael A7k ek oz dekHch

4. 2B

2 AT 450 T SRS P R AN 1§
ol ool A AN AN, WL, WSS 2l e e 2EE sl
o %

b gl U AUSAeIA Sb 93} BAclE At s Aol wadol 2hid Yol dsklo
o} Sopeidel et Al E AR oo, AE gia o

T}l
=

AL Aol AE 1 o] FsietA]
ol—o]—r;].
2) ez AlEE A EUMI thsto] AR JAAZE 2pelof w2 WEATA R NA 6082 JAAZA] HAAZ
WAL ko] ATAE BEou, 1 ofF WAt ket A ek
=R

ATE B 459 BAY BAAB) PR Al Blstch Anom A WAL ddd du
A5 AR el $4a el S ehela, BhAeE Ak ghake] Ae AAALRS 6089l Aow
s,

ifzr

Bl
re
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