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ABSTRACT

This study was conducted to evaluate the fire retardant performance of exfoliated graphite nanoplatelets
(xGnP) applied for particleboard. This work measured heat release rate(HRR), total heat release(THR) and
smoke production rate(SPR) of xGnP added particleboard, using cone calorimeter to assess its fire characteristics
according to the KS F ISO 5660-1 standard code. Heat release rates of all specimens treated by xGnP were
less than the 200 kW/m’ for a total experiment period of five minutes. Heat release rates of the specimens
coated with xGnP were lower than those of the specimens made by mixing wood particles with xGnP directly.
Meanwhile, the total heat release rates of xGnP coated specimen maintained quite lower level than the
uncoated so the xGnP coating were effective in improving the fire retardant performance of particleboard.
However, the smoke emission peaking problem at the initial combustion period, which was caused by adding
base coating materials, should be resolved for further satisfaction as a fire retardant materials.

Key Words : Fire safety, Wood-based materials, Cone calorimeter, Carbon materials

1LH2 24 5 4% 184 A=) FANZA ol gl
AAA A g e FAAE b Flele
4 oATH23

1.
1 gagagls gador ) d(gra-

)
ot
o
N

3T
283 Yo vEHAS 1 BAS Tt 3

A
; 4 1S phenejo] glom), Tejeat ae)m 7)ol g
A7t SRR ol8E B9, ALEe AR L A4y Avg 9 023 )AH EHLS 7121 Qi)
A H SREES wol7] fFt SAA(llen® Wl gy grEe Rate) Yel BxEo] 9lo] A Al
AREE| L QITH1]. o] 3 AR Y] FRe= 27| Y AMogm 2R By 9l ZFo]th4]. Stankovich

el wet ohFetn A 3, #E 9 #Pge= Z[4]3} Virendra S[5]& & (graphite)S ] 5}o]

L) o] & gA4 G2} gAY =% H(carbon nano-
tbe, CNT)E= 813} £A)0] th5 o 728 714
S Qs P22 AUNY 4 o] Bekad, 3y

+ Corresponding Author, LMC@inu.ac.kr

This is an Open-Access article distributed under the terms of
the Creative Commons Attribution Non-Commercial License
(http://creativecommons.org/licences/by-nc/4.0) which permits
unrestricted non-commercial use, distribution, and reproduction
in any medium, provided the original work is properly cited.

A ZHE U #AHZ 29l GNP(graphite nanoplatelets)
£ fr8stiA= Ayt v FHot fARE
AA e R dHEE, A7HEEE el 5
Qi 7k HaheREE gAY FHAR F5
Bk eH4-6].

olg3t AL ehAYUAE o] Fo|Z shute] T
Azrt Aol Aol A 3 F22 FAAH
o, 5oz FAH SaUA T 77

=



2 Adg - 249 - - oRlE

BhUl M2 ) (van-der-Waals Forces)oll SJsA A2 Zeld Eghsto] 283k wpHe Hejsielch A3
Ao ok 599 FTFE WRE LA, JA ZAY A, e 84 dAAE tEA Eo
Wole 5 ket BAE Abelel B 27 B mA) ok AES 71 uhel ZIRE Fvolt 7
E(graphite intercalation compounds, GICs)2 &4 Al AW =35 22 Q&5 JHo HL3517] 2H35197)
7 % Alehe-11], 2eae] HYe Tua B3 ool

L IFEE SYAE FA6HES 1 o RzH 2 dAFoA= A o] H8H 58 YrY
Lee -5{9], Kim -5{8], Ansari -5{12], 12| Fukushima W e Fst] 918ke] IS0 Ao WE & &
@} Drzal[6]2 I EA/ 1 SEHES dubAQl 11 Zong AdL AR, @ WEE(Heat release
E2} 520 Hlste] =2 A7) AEA, 7|AA =, rate, HRR), & "= ¥ 3 (Total heat rate, THR), L&

g7 A, 28 A Fes vEdH, e 5
AAE FE&0E& dof vlste] dld Hds=°] o H
oluA EEEH = AL SIskgTh F7HE Q0 A
2, Ramanathan 5[13]& Z¢o E@, E/‘“’ﬂ off 5}
ﬂo]o} gqu] 179

oN 12 £ 111 2 |
ok —hI

o
32
a
e

off wa

2

re
-1
2
>
rlr
o = ok

il l
=l
i
X 32
]

5 3
it
1o
r
(e Jo

it
ol 2
M o

tlo % iz
o
o >‘1

= N
rFI

1
2
Lo
i
2
2
o,
ox
é
=
o
xR
of 1
ot

71l $kAl
(thermogravimetric analysis, TGA)%
N A7t FAd SAAAZA UH
grostort A8 ATelAe) o
shH, AR e
0.1% A=I580, oli=
A2 = 14]. o] 3 EX
2 Az Ad E?‘l;(exfohated graphit
xGnP)& 54 A= 5 gEFHE
= E% e 59 A8t
H Ao A ARE-H EAA R E vHE] 2 H 5(particle
board)E ZUollA AZEo YWAA U 72 F
2 AL ARRA, ATl T Au 5
27} PEF ARl B e 49 4F A5
o] Y3t A=) 0% 22 s]te 2 AZE ks
Alls, 161 Aedside W 52 A5 Az &F
o2 WerEE stage AHT Dol ck @
e, AR AE AFATE ZAY R
o W s o] A SAAR el
P Am o] B
| glon, 4
7421 XHE@‘E}
Oﬂfﬂ

1[‘[_19,_lJ

4 oo Wore

off
K-
-0

ﬁoho
fr
oN JZ\: jgl
e
o
= |o Mz
k

b i,

‘”1° m
oL
Jlo‘v O_>C O{N
o d
o 3o
to &
o
o 1 12 1o fu

_Q rr

ofl i,

N
)
)
r
o

¢ nanoplatelets,
525 uhy ) )

lo it

1

<]

oft
ok,
rr
oL o
E
il

o

e e
oX o

4>
o
oX

g
-

rir
il
TR N

o
ot
ol

[e3

—
~
¥ 1
2
= r
2

o
o
i
filo

N
i)
[
A
=2
o B S ol r

Tq,-u: l:‘:‘ r-Or{-" ﬂllﬂ
I =2 oy
dr > JIOi'
£ oo 2 J
lo ok mlo

(i e

2y
H

o
E
[
I
X
el
ox
2
2
£
>
o

N

31 7] W& (Smoke production rate, SPR)= =74
SPiTh Ea, COR COe| W& 582 Z4stol
e dioleE A5t
2. M8 xiz 2 g

21. BAX=
211 2=

2 Ao ALEE e ESEREE D/\}Oﬂ/\i AlE
2o ABg 24 eI AL, Ao
St £ Asolth A AAEEE vlo1s
, (A HEA 2 S A 5o A8 ArE
pasiol 9918 e HHOR Healo] 4%
Sich. % W ujetze] Be 2L 23 mm, 4%
e E2 30~40 mm 7|2 B E AL AREE
L, FEZHEE AA A ARE FRAE 88 A
2 wFE 65%2] oA A AL Heatoc
Fig. 1o SE|ZEEQ 7]&Z2A¢] 2 2 27| o
S Urehygic

_‘;jﬂmloé

s----» Back
-l 2~3 mm

30~40 mm
Fig. 1. The structure and particle size of particle board.
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Table 1. Preparation of particle boards by mixing with xGnP

o . . Particle weight Moisture content | Ratio of Hot pressing
Distribution Mixed condition . ..
Face Core of particles EGNP conditions
Untreated 290 g 434 ¢ 0
287 g 429 g 1 Temperature 170C
Particle board ‘Wood particle + 2% 2’
281 421 3 Pressure 34 kg/cm
xGnP & & s
275 g 412 g 5

Table 2. Preparation of particle boards by coating with xGnP

Distribution Mixed condition Ratio of EGNP

Base coatings composition

Additives Mixing times

Base coatings 0%

Coating 1%
materials EGNP + 39,

coating materials
5%

Acrylic Emulsion

Surfactants +
Hardener

10 min
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Fig. 2. Heat release rate values of specimens with di-

fferent xGnP mass ratio.
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Table 3. Results of Cone calorimeter test
Parameter Untreated 1 wt% 3 wt% 5 wt% Base 1 w.t% 3 W.T% 5 w.t%
PB PB PB PB coating coating coating coating
PHRR [kW/m’] 161.22 159.81 148.14 121.74 185.39 94.07 59.73 100.34
time to PHRR [s] 100 80 75 110 70 45 35 40
THR [MJ/m’] 30.62 31.96 28.49 2742 25.47 13.39 12.58 13.93
CO yield (kg/kg) 0.007 0.008 0.005 0.010 0.014 0.021 0.026 0.023
CO; yield (kg/kg) 1.237 1.272 1.312 1.319 0.980 0.890 0.820 0.810
CO/CO, 0.005 0.006 0.004 0.007 0.014 0.023 0.032 0.028
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