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Burning Behavior of Interior Materials in the Cone

Calorimeter and Evaluation of Toxic of Smoking

Jang—Won Lee

Graduate school of Earth Environmental Engineering,
Pukyong National University
Nam-gu Daeyeon-3dong 599=1, Busan, 608-737, Korea

Abstract

For the purpose of making an investigation into the burning behaviors
some carpets and boards in the interior materials were tested by using
a cone calorimeter with the heat flux of 50kWm ° Four kinds of
carpets and seven kinds of domestic interior materials were measured

for the maximum heat release rate, the total heat release and the

= Vil -



average heat release, respectively.

As a result of the cone calorimeter test(KS F ISO 5660-1)
NY(composite) among the carpets was ignitable most easily. In the
ignitability or the initial flammability NW was the highest among the
carpets. In the heat release rate(HRR) which means the fire intensity
PP showed the largest. And Nylon was the largest in the maximum
heat release rate.

In the smoke production rate Nylon was the highest, and NW was
the lowest. In the mass loss rate it was shown that NW > Wool >
Nylon > PP >PTT. Carbon mono-oxide is one of the toxic gases
released from the combustion. In the CO concentration PPT was the
highest, and NW was the lowest. In carbon dioxide concentration PP
was the highest, and NW was the lowest.

The experimental data indicate that|the midium density flooring (MDF)
board is high release rate than the other interior materials. And also,
MDF was made certain that mass loss of MDF is high than the others.
The smoke production was measured by burning that fiberboard and
PVC Plastic reisn sheet were high carbon monoxide and carbon dioxide
yvield than other interior materials. The average smoke release through
specific extinction area was shown a similar tendency. Smoke of
interiors materials was judged a harmfulness by a stop of mouse. The
results were indicated that MDF is more harmful than other interior
materials.

Keywords : Interior materials, flame retardancy, smoking emission, Cone

calorimeter
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Table 1 -2 Flammability testing of interior materials

Test method
KS F ISO 1182, KS F 2271
KS F ISO 5660, KS F 2271
KS F ISO 5660, KS F 2271
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Table 1 -3 Cone calorimeter method(KS F ISO 5660-1)
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Fig 2 -1 Exhausting system during combustion
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2.2.4. 2735 4 (Beitel J.J, 1987)
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Table 3 -1 Cone Calorimeter Testing Sample Size(carpets)

Kind of Sample Material Size (mm)  Weight (g) Abbreviation
Nylon 100x100%8.7 32.3 Nylon
Polypropylene 100x100x7.8 17.8 PP
Carpet Poly Tetraphthalate 100x100x6.1 20.4 PTT
Wool 100x100x9.1 29 Wool
Nylon + Wool 100x100x%10 274 NW
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Table 3 -2 Cone calorimeter testing sample size(decorations)

Kind of Sample Material Size (mm) Weight (g) Abbreviation
o ) Wood fiber 100x100x9 51.9 MDF9
Midium density
flooring Wood fiber 100x100x15 102 MDEF15
(MDF) .
Wood fiber 100x100x18  124.7 MDEF18
Fiberboard Polyester 100x100x9.7 21.3 PE
Melamine 100x100x6.9  77.7 ME
Plastic resin flooring L'iPer
Reisforced 100x100x9 .18l 2 FRP
Plastic
Plastic resin sheet PYI@ 100x100x2 24 PVC

3.2. 439
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3] =, Heat Flux Meter, -8 WY, o]y 3 2 ZAANAHER FA 5
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Fig 3 -2 Smoke density measurement of cone calorimeter
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Table 3 -3 Testing condition of cone calorimeter
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Fig 3 -3 Testing device for toxicity of combustion gas(KS F 2271)

332 AEA £H]

|o

NBAE Z27)7F 7F2 | AR 22051 mm, F7AE 249 AR e A

2 25 mm 79l 3ME ZE AAS 5T e Aud & 1€ o

X3 Ohg 35~45 C Ax7) QoA 24417 ol A xAIZ & A
&

skl Al

Bl Soll A 24712t o] W Ajste] AR AS AIHA 2702 AL

_26_



HHT']:_L 10 L= 6’]—9;\1:]— 7]—02 A]'&UJ% /\];il]_g]_

9 917 4A el

+E+= 30 C

2 S, NP8 47 by g dA w8 SRRl ¥l

Table 3 -5 Testing device condition of exhausting gases

T Az

7 w2 A9 A #(95Q), LP7F2

Selza A ZHGE) 1 3 4 5 6
7] &= 70 100 140 170 195

Size (mm) 220 x 220, 7 50 °]s}

933429 wiE% 10 L/min

op§- 2 ICR7 -+ % 8v}¥]

Al AIZE 155

AR 7FE A 2 65

5 i 2 £ SN -
Gas Open urneky (15, 10, 3L Pump ON)
28X & &3l <
3z & = E& &3 |«
\4
Mixing Fan » Mixing Chamber Stack Thermocouple
=25 =4
\ 4
— _ Mouse Cage
Mixing Fan » Testing Chamber SMA =X
v v A4
A A
—> Od_n_jfj AAIA HI= DAQ System(PC)
............. » MI|ANS (E A= Y HO
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4. 2% % 1F

4.1. 7}H EFF

4.1.1. &A1

B Ao A 57 50 kW/m’e] Heat FluxZ 2 ZE W EE o] &3}
of AR EFA te dxel FNIG ST Table 3-6 A 2
HH Wool + NylonE g A(NW)7} & ZL9| Eo Hlsle], HA 237t dof
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T

Table 3 -6 Ignitions time of carpets

Kind of Sample Material Ignition Time (s)
Nylon 54
Polypropylene 26
Carpet PTT 35
Wool 21
NW (Wool+Nylon) 11
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Table 3 -7 Maximum heat release rate, heat release rate of carpets

Maximum
. : heat release iean
Kind of Sample Material heat release rate

rate 2
W/ (KW/m”)

Nylon 635.5 160.2

Polypropylene 792.0 147.8

Carpet PN 500.9 34.7

Wool 320.7 1279

NW 351.1 132.2

Fig 3 -4 The maximum heat release rate (MHRR) of carpets
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Table 3 -8 Total Heat Release of Carpets

Total
Kind of Sample Material Weight heat release

(MJ/m*)

Nylon 325 61.2

Polypropylene 17.2 55.0

Carpet PTT 20.3 30.2

Wool 28.9 59.3

NW 2642 59.0
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Fig 3 -5 The graph of total heat release (THR) of carpets
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Fig 3 -7 The mass loss rate (MLR) of carpets
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Table 3 -9 CO and CO, generation rate of carpets

Total
Mean Mean CO-
) . Smoke . .
Kind of sample Material . CO Yield Yield
Production
) (kg/kg) (kg/kg)
(m”)
Nylon 9.52 0.04 2.64
Polypropylene 7.29 0.05 3.54
Carpet PTT 8.74 0.07 3.09
Wool 8.98 0.03 1.79
N.W 6.37 0.02 1.64

Fig 3 -8 The mean CO generation rate carpets

Artstea e AR SFAT drtsteart AAE HeRA AR
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Fig 3 -9 The mean CO- generation rate of carpets
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shAfAl st A7]e] G2 ZAStol A AstrkA] AT A A7) A
%2 Table 3-10 ¥ Fig 3-109] e},

Table 3 -10 Total Smoke Production of Carpets

Total smoke

Kind of sample Material production(m®)
Nylon 9.52
Polypropylene 7.29
Carpet PTT 8.74
Wool 8.98
N.W 6.37
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Fig 3 -10 The graph of total smoke product for carpets
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Fig 3 -12 The graph of combustion temperature for carpets during toxic gas test
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Table 3 -11 Toxic gas results of carpets
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Fig 3 —-11 The graph of mouse inactivating time for carpets
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Fig 3 -14 PP carpet specimen before and after cone calorimeter test
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Fig 3 -16 Wool carpet specimen before and after cone calorimeter test
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Table 4 -1 Ignition time of decorations

Kind of sample Weight Material Ignition time

Midium density 51.8 MDF9 32.7
flooring 101.6 MDF15 34.0
(MDF) 125.0 MDF18 37.0

Fiberboard 21.0 PE 57.3
. ) 775 ME 87.7
Plastic resin flooring
111.0 FRP -
Plastic resin sheet 2.5 PVC -
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Table 4 -2 Maximum heat release rate, heat release rate of decorations

Kind of Sample Weight Material (llz/IVI\}I/RH% (kPVIVF}EZ)

Midium Density 51.8 MDF9 287 128.6
Flooring 101.6 MDF15 176 99.6

(MDF) 125.0 MDEF18 174.8 106.6
Fiberboard 2.3 PE 566.7 93.3
Plastic Resin Floor W75 ME 46 129
astic Resin Flooring 1110 FRP 971 76
Plastic Resin Sheet PVC 46.4 18.4

|PVC|| ME || FRP |

Fig 4 -1 The graph of heat release rate (HRR) of decorations

_45_



27.05¢]

KN
T

Uk FRPA Plastic Resin Flooring

A7 A

S5 Yol

=2t

o

Z

MDF®] 7] m& Hdf &

o] MDF9

p==
N

Eaa

Uerwth 22v Fig 4-1914

KeX
=

I

1% 4 9tk MDFe] $7} g9

o

s}
ol

KeX
=

steja

=2k

Aoz A

317} & o] FoJX| A ¢k Plastic Resin Flooring

2k

A Ve om g

9} PVCA Plastic Resin Sheet”} A veEbyith 22y MDF 9 mm7}

MDF 18 mmHX.t} =

ol

\.—_mﬂo

423, FLLF

e Table 4-3 o 2zt yebdlaL, Fig 4-2

t™ MDFe] 7

Hol| #Ys
o I FoAME FAZE 714 2 MDF 18

_46_



A MDFeHE 577}

Table 4 -3 Total Heat Release of Decorations
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Fig 4 -4 'The mass loss rate of decorations

_49_




ol UM dUEES FIAHE Feld 4 9ltl. FRPA Plastic Resin
7

EES dojubA kARt

WAZE Thse] F 2 AAbs A o] ikt EA o] AN ES Table 4-40 e

7}

TP diAstgas) ojatsigao AAHE I EZYC2HEA AR

il

Table 4 -4 CO and CO2 generation rate of decorations

Mean Mean COq
Kind of Sample Material CO Yield Yield
(kg/kg) (kg/kg)
MDF9 0.019 1.346
Midium Density Flooring
MDEF15 0.019 1.196
(MDF)
MDEF18 0.023 1.253
Fiberboard PE 0.112 2.242
ME 0.055 1.009
Plastic Resin Flooring
FRP 0.081 1.479
Plastic Reisn Sheet PVC 0.115 3.205
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Table 4 -5 Total Smoke Production of Decorations

Kind of Sample Weight Material TSP(m?)
Midium Density 51.8 MDE9 4.55
Flooring 101.6 MDF15 4.45
(MDF) 125.0 MDF18 4.74
Fiberboard 21.0 PE 9.32
775 ME 0.65
Plastic Resin Flooring o FRP 941
Plastic Reisn Sheet 2.5 PVC 0.71
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Fig 4 -7 The graph of total smoke product for decoration
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Fig 4 -8 The graph of mouse inactivating time for decorations

Table 4 -6 The mean mouse 1nactivating time of decorations

ok 13] 23] B (x) 3t ()
MDF9 347 373 360 6+ 00x
MDF15 346 393 350 5% 50x
MDF18 354 345 350 5% 50x
PE 857 875 366 143 26
ME 816 708 762 1233 42%
FRP 788 67 778 123 58%
PVC 823 884 854 143 14=
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Fig 4 -10 MDF(9 mm) specimen before and after cone calorimeter test
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Fig 4 -11 PE - board specimen before and after cone calorimeter test

_57_



Fig 4 -12 ME - flooring- material éﬁé(:imep before and after cone

calon’me_ltef test

Fig 4 -13 FRP - flooring material specimen before and after cone

calorimeter test
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