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Abstract :

In this study, the composite material of expandable graphite was made to the material development for improving such as a

composite material of the sandwich panels or material properties of a fire door and was tested by the ISO 1182, ISO 5660-1(Cone
calorimeter Method). For the test, the composite material of expandable graphite, what the expandable graphite ratio was increased by
respectively Og~30g, was classified A1,A2, A3, A4, and made to the test specimens. Through cone calorimeter test, peak heat release
rate(HRR) and total heat release(THR), expanded thickness and expansion rate of each composite material of expandable graphite, and fire
prone crack and mass loss rate after burning was measured. Thus, the effect of the addition of the expandable graphite and whether is
suitable for reference as a fire retardant, was analyzed. Consequently the correlation of THR and fire retardant performance rate was

confirmed.
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Table 1. The ISO 1182, ISO 56601 standard of fire retarding
material
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Fig. 1. Flow chart of experimental sequence,
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Semi .
Item -noncombustible Flame retgrldlng
material materia
THR
(Total heat release) Below 8 MJ/m? Below 8 MJ/m?
(MJ/m?)

Time that heat release
rate is exceeded 200
KW/m? continuously

Below 10 sec Below 10 sec

All core melt, No core melt, No core melt,
penetrating cracks, slot | penetrating cracks, slot | penetrating cracks, slot
change, etc., change change

Experimental mouse | Experimental mouse

Toxicity Activity over 9 min | Activity over 9 min
. 10 min 5 min
Test time (600 sec) (300 sec)

3. SEiE 74 R AlE

3.1 BEEEol 7Y
2 A Ee] dAd o
Age ZAE(Wood particle), ‘o%é > (Expandable
graphite)o|t| A[sH AZbof| a3t AFAYRA AP
Al WEHOE AGHT Qi HAB(Nawral
binder)S FEOE AFRSIQITE EAES bl Exj9
7 mellAl HAEE BARERAL % 80~100
mesh sizeE AEslo] 179 oA} FH3] AXSH AL
712 AR ARSI WS Table 29F o]
Carbon content 93.8%, 80 mesh <=F9] A =5E A4, v
stk
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Table 2, Composition of expandable graphite(EG)

Carbon Size Exp . fon Ash Moisture

content h ratio % % PH
(%) (mesh) (ml/g) (%) (%)
93.8 80 210 6.2 0.68 4.5

3.2 Al Hizt

£ AT U] Bag AHL Table 37} o] 455
o AlHCe R FFsto] A2t sFGATE Al ZAE 100
g 7]H BaseZ 3}o] RS ] H7FFS 10 g, 20 g,
0 gow $Ades T, A RS

A FATH 300 g FUsto] Mixerol 4 4
sl ERsl AR AW BEE Ajgsle] 27
£ 100 mm x 100 mm % 10 mm size= 22} 3714 A
A5k the AAET|olA S0CR 627 XS A7
A ARE SISO A F GARS Table 3
altoll Liekoic.
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Table 3. Test specimen of EG composite material

Sample
Material Al A2 A3 A4
EG Og 10 g 20 g 30 g
Composite Wood particle | 100 g 100 g 100 g 100 g
Materials | Natural binder| 300 g | 300 g | 300 g | 300 g
Sum 30 g | 320g | 330g | 340 g
Mass 476 g | 51.8g | 538 ¢g | 554 ¢
Specimen
Pe Shape
4. 438
4.1 MeetAz
Rl %IJXHEPJ Gl 71200 digt 23} of
Ho| th3t 242 1SO 5660-1 : 2008 7] w}2} Cone
Calorimeter&- /\}%6}04 AlEe At A)E Hbd

] ISO 5660-1°] 7 0}01 A= v Alwe] 3

B 710l Witk Al 2ERVE Aldd 2

= B+ CASE 60+5% RH. 7oA o]Fojxl o

o AE A 7R AFEEE sEo R MRSt 2ZF

Eﬂl n]E 9] 3|E|e} AJR1H] A2l= 60 mm, Heat flux
L 50 kw/m’2 AT

4.2 A5 Zn}

Cone Calorimeter 2132 Al, A2, A3, A4 Z A|HE
2 717} 33] AAsta =A% Data H-ZHS Table 42F
Zol Halelo] vehjodth. BREA WAL 0 gof
A 30 g7tA| Z7HA 42 Peak heat release rate(HRR)
+ Fig. 20 YERH vk} ZFo] 197.6, 96.0, 61.0, 41.0
kW/mZEE A} 7343193l Total heat release(THR)=
Fig. 33} 40f4 300 secE 7|&2 & 27.0, 14.8, 9.9, 7.0
M7} 2] Z+28kgict. T12] a1 Mass loss rate(%) = Fig.
504 90.3%, 65.2%, 53.5%, 32.5%%= 2} 7HAE ek
AupHos A4 A FEYEE(THR)O] 7.0 MI/m'’
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Table 4. Experimental data of composite materials
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Fig. 2. Peak heat release rate variations of specimen,
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Fig. 3. Total heat release variations of specimen,

e Sample | 5 A2 A3 A4 Indication
THR (MJ/n?) 27.0 14.8 9.9 7.0 Partially Suitable
Time that heat release rate is exceeded 200 kW/m?® continuously - - - - Suitable
All core melt, penetrating cracks, slot change, etc., NA NA NA NA NA

Cone Ignition time(sec) 4 10 9 16
calori-meter PHRR(KW/md) 197.6 96.0 61.0 41.0
Pre-test 47.6 51.8 53.8 554
Mass change Post-test 4.6 18.0 25.0 374
Mass loss rate(%) 90.3 65.2 53.5 325
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Fig. 5. Mass loss rate of experimental specimens, o J 1 \ \
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L O 5 S % L=
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Table 5. Expansion rate data of specimens

. Expansion
Distribution i e P
initial thickness (mm) reaction layer (mm) shape layer (mm) rate
Al
(EG 0 g, WP 100 g) 10.0 10.0 0 0.0
A2
(EG 10 g, WP 100 g) 10.0 5.0 25 5.0
A3
(EG 20 g, WP 100 g) 10.0 4.0 40 10.0
Ad
(EG 30 g, WP 100 g) 10.0 3.0 42 14.0
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Table 6, Fire retardant performance rate(8 MJ/m? — rate 1.0
standard)

Standard of
ltems THR fire retardant Fire retardant
MJ/md) performance | performance rate
(MJ/m?)
Al
(EG 0 g, WP 100 g) 27.0 8.0 under 0.30
A2
EG 10 g WP 100 g)| 148 ! 0.54
A3
EG20 g WP 100 g)| 7 ! 081
Ad
®G30g WP 100g)| 0 ! 1.14
30 140
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Fig. 7. Relationship THR and fire retardant performance rate,
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