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Burning Behavior of Flooring Materials in the Cone Calorimeter
and Evaluation of Toxic Smoke™
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ABSTRACT

The burning behaviors of board for flooring materials were investigated using cone calorimetry
at an incident heat flux of 50 kWm™ Seven domestic flooring materials were used to observe the
burning behavior of maximum heat release rate, total heat release and average heat release rate.
The experimental data indicated that the medium density fiberboard (MDF) flooring had higher
release rate than the other flooring materials. Also, the mass loss of MDF flooring was higher than
the other floors. When measuring the smoke production from burning, PE fiberboard flooring and
PVC Plastic Resin Sheet showed higher carbon monoxide and carbon dioxide yield than the
others. The average smoke release of both carbon dioxide and carbon monoxide through specific
extinction area was similar. Toxic smoke measurement from flooring materials were determined
by the mouse stop motion, and the results indicated that MDF flooring contains more toxic materi-
al than the other flooring materials.

Keywords: flooring materials, flame retardancy, smoking emission, cone calorimeter

1. =2 Ao £F F FrHHoR A EE A vzt - g4
Aol T sk HAAE Rl Aol

_ HT AFE Ui delska orete 4

kel wgel S s A S A g g e staswA 94 s 9 der

A 5 ARG sl Solth AT ASREIY g0 an gam od A se o

A Ao A A AT = = AF o Bty BASRA S9N o] o RS0

- _ - - o == 3w =

saaHa slon, wite Sl td Wy 010 o 9009: Demir et al., 2006). o]t Be

WA Y Al ~wlgl ) ol sty a1 vk (El 5, 2005). YR A= g4 wa A =0 ewo] dvje) th
_]— qu]_‘—_I:_Lﬂ‘g_ _E_ d"—"o - = = \:__1__._1_ =

ojel g A5 shs oule A= 1 f_A sha ol o17] 2 BA pAE HJ%@QEW@?% 4,

BE g R ANE A7)E Holw, F .
WATE WA AL S IFE s A ol
9 FaFgoRd s AaE Fuste Rolh

T FAAE ABS ATE Rol gakel e 27

o] & Aot}

] ] WO AZE ] g WA A AFA B A] B s
o] AEE el e BEE sAjekd & o= obo ) HARS WA S| 95k EA o]
B Aol Aol k. AWM= 8 -8 L DA ne
: T8 YLLe &9 Table 13 o U A%
FERYA % S wRe) G B L 0
- — w— lable e -T.
o SrE g N Atwe AFEA AEAT UT w qaoaz az waa S04 v v
sl date] Bel - FHAAE R FAAR L o 0T g e 5 e
g ARgstes pstsha RS, 2ot A orimeten) = B3] G4 SAAIS
&5 e A A8 97 2 A ek - sl om . wak #7b Gall7tao] wE2E B g
~ N _ N =0 T ° = == 7
AA ol vIAA Rshn A% R B T e el aatael S
’ - -1 v ()i} U= =70 = = LA/ S
Wzt 8 V) F ol FAEE AR fAsE 3o Ao w7pabnt
2 3 pxAd W o] 9= ulzkael 4 ol cmoe



i
i
et
AC)
=y
v
1
rf
-LN

Table 1. The test method of flame retardancy
Rank Test method
Noncombustible material KSFISO 1182, KS F 2271

Semi-noncombustible
material

Flame retardant material KSFISO 5660, KS F 2271

KSFISO 5660, KS F 2271
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2.1. Cone Calorimeter
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Table 2. A performance standard of flame retardancy

Rank

Test condition

— Maximum mean temperature is under 20 K for the last 1 minute after 20

Noncombustible material

minutes heating in furnace
— Mass lost rate is 30% and less

— Lifetime of mouse in toxic smoke is over 9 minutes

— Total heat release is below 8 MJ /m for 10 minutes after heating
Semi-noncombustible material — Heat release rate is under 200 k/m’ for 10 consecutive seconds
— Lifetime of mouse in toxic smoke is over 9 minutes

— Total heat release is below 8 MJ /m for 5 minutes after heating
Flame retardant material — Heat release rate is under 200 k/m?* for 10 consecutive seconds
— Lifetime of mouse in toxic smoke is over 9 minutes

Table 3. Descriptions of interior material for cone calorimeter

Kind of sample Material Size (mm) Weight (g) Abbreviation
Wood fiber 100 x 100 x 9 519 MDF 9
Midium density fiberboard .

(MDF) flooring Wood fiber 100 x 100 x 15 102 MDF 15
Wood fiber 100 = 100 x 18 1247 MDF 18

PE fiberboard flooring Polyester 100 x 100 = 97 213 PE

. . . Melamine 100 x 100 x 69 777 ME

Plastic resin flooring ) ) )
Fiber reinforced plastic (FRP) 100 x 100 x 9 112 FRP
Plastic resin sheet PVC 100 x 100 = 2 24 PVC
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Fig. 1. Schematic apparatus of cone calorimeter.
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Fig. 2. Experimental tester for toxic smoke.
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Table 4. The test method of toxic smoke

Test method

Test condition

Heating method

. L. Time (min)
Heating condition

Exhaust temperature
Size (mm)
Emission rate
Mouse
Test time

Heating time to sample

Tube heater (95 @), LP gas
1 2 3 4 5 6
70 85 100 140 170 1%
220 x 220, thickness is under 50

10 ¢ /min
ICR, 8 female mouses
15 minutes

6 minutes

Table 5. Ignition time of interior materials

Ignition

Material time (s)

Kind of sample

Wood fiber 327
Wood fiber 340

Midium density
fiberboard (MDF)

flooring Wood fiber 370
PE Fiberboard Polyester 573
. . . Melamine 87.7
Plastic resin flooring
FRP
Plastic resin sheet PVC
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3.1. Cone Calorimeter
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Table 6. Maximum heat release, total heat release, mean heat release of flooring materials

Maximum heat Total Mean
Kind of sample Material release rate heat release heat release rate
(kW/m?) (MJ/m*) (kW/m?)
; Wood fiber 287 829 1286
Midium density fiberboard '
(MDF) flooring Wood fiber 176 1170 996
Wood fiber 174.8 1209 1066
PE Fiberboard flooring Polyester 566.7 382 B3
) ) ) Melamine 46 71 129
Plastic resin flooring
FRP 271 106 76
Plastic resin sheet PVC 464 25 184
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Fig. 4. Mass of testing flooring materials.
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Table 7. Smoking emission content of total smoke, CO and CO.

Mean spec1f1c extinction area Mean CO Yield Mean CO; Yield

Kind of sample Material (/kg) (kg/kg) (kg/kg)
Wood fiber 731 0.019 1346
Midium density fiberboard .
(MDF) fiooring Wood fiber 042 0019 1196
Wood fiber 716 0023 1253
PE fiberboard flooring Polyester 3478 0112 2242
) , ) Melamine 62 0055 1009
Plastic resin flooring
FRP 238 0081 1479
Plastic resin sheet PVC 399.7 0115 3205
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