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ABSTRACT

In this study, we have evaluated the hazardous factors of fires such as heat release rate, smoke den-
sity, ignition temperature, and flammability of carpet and curtain used in the public facilities. As a
result of flame retardant treatment, the heat release rate of materials treated with flame retardant was
lower than that of not treated. However, the smoke density of treated materials was higher than that
of not treated. Also, we have investigated the fire characteristics of used and unused carpet. As a
result, the heat release rate and the smoke density of used for 3 years carpet were higher than those
of unused carpet. The distinct differences of flammability and ignition temperature between used and
unused carpet were confirmed.

Keywords : Flame retardant, Carpet, Curtain, Cone calorimeter, Smoke density, Limited oxygen index,
Ignition temperature
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Table 1. Specification of experimental materials

FHIEPP 4.5 mm)9t AEPE Fuihe AA st W
d AEE g A U AYE A 2 AEE
FHEk Tk Egh, W AEg JHHE s ARE-E)
A 2 Age} FA AFoE 3 ARET T2
ABE FHlstd Al AEE ARSI, W A
g AsE AR TAIA ARSI 8 A
& AHESIAT B AFdA A AN AEE
o thet WA= Table 19] AAIEATE Aol AHEH
AaEe] WA HdMeHoergs ALY AT,
BEA WAN paddingdl] squeezing@t F tenterZ
180°C o] 2] Feo=F curing® A|FEolw, FHEQ)
7d9-= Aluminumhydroxide WA S AFE-3FAAI T &}
A DA IHS ARAIZTY g1 4 gl

2.2 AEHYY

AUE&S =437 flsked d=F FTT(Fire Testing
Technology)*F¢] DUAL Cone CalorimeterS A}g-3}¢]
ISO 56602 Part 1o w2 A& 313, T3 F=F
FTT(Fire Testing Technology*}] NBS Smoke Density
ChamberZ AM-&lod ASTM E 66291 23+ Non-Flaming
WAl o] A7|UEA g}, F= FTT(Fire Testing Tech-
nology)AFe] Candle type flammability tester® ASTM
D 28637 ISO 4589-2 7l wzl Limited Oxygen
IndexE =743ttt gk, B FEHERARS] KRS-
RG-9000S AH&-319] Group® Al @Oz Witk
(Ignition Temperature)S =7 31t}

22.1 EZ2WEAY

Al FHA M= AAFS V|ECE WUEY
= 9%% A5 9= 1S0 5660-19] < AlgY
S ANt ZHzke] AlZel diste] AlHE 100 mmX
100mm 27|12 FH|ste] A57F sk 21l =EE]
= &9 #F3IA)7 (time to ignition), B*EE-(heat release
rate), = F7FA&(weight loss rate), 517124 £ (total
smoke release) 5 SHA| MFES FAl dA&Ho=
=73t Al ] TR Mol A A FIE T

Experimental materials Type Component Thikness (mm)| Maker |Weight (kg/m?)
. After flame retardant treatment Flat Polyestere 100% 0.5 YA} 0.24
Curtain Before flame retardant treatment Flat Polyestere 100% 0.5 YA} 022
After flame Unused Loop |Polypropylene 100% 45 RA} 1.55
Carpet | retardant treatment | Used(3years) | Loop |Polypropylene 100% 45 RA} 1.90
Before flame retardant treatment Loop |Polypropylene 100% 4.5 RA} 1.54
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Table 2. Experimental result of cone calorimeter

71

Experimental materials Peak rate of heat Mean rate of heat | Total smoke release
p release (50 kW/m?) | release (50 kW/m?) (50 kW/m?)
Curtai After flame retardant treatment 156.75 66.66 184.97
urtain
Before flame retardant treatment 256.18 98.66 141.60
c After flame retardant treatment 336.58 96.30 750.53
arpet
P Before flame retardant treatment 348.56 105.04 696.3
350
300 —&— before
- -0- -after
250
Eom|
z
F 150
o
T 10
50
0
70 80 0 100
Time(sec)
Fig. 1. HRR of curtain before and after flame retardant treatment.
400
—— before

Time(sec)

Fig. 2. HRR of carpet before and after flame retardant treatment.

o] gl EE82] zfole AHAEL] 7%, 30~60 sec A
olofA] ZpolE B oH, AYELEES W A A
o 256.18 kW/m?*, 9 Azl el 156.75 kW/m*l 3
S 2 Yelgt) M ES] 9= 20~200 sec Alo]ollA
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A A2 e E - 35H Weg dihE o
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EEH, B9 A2g AFA Q7] HErt Y =2 A
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Table 3. Experimental results of specific optical of smoke Fig. 404 FIEIES] 7% vk 2a] A= 1,600 sec
Maximum oA At A7)1Y%7} 24451 DmeE Ve, W
Experimental materials smoke 7] Fo] ALE 1,526 secolA] 36236 DmOZ LE}
density Dm)l  gowz ssee 44 ¢Fg 71%91 400 DmiTh 3
Curtain After flame retardant treatment 13.00 7| U et Be 7o 2 obyElqt
Before flame retardant treatment 3.02 ol¢} 7do] Wt A3k A BoA A7) Uert ¢ =
After flame retardant treatment 362.36 o AL dA AT FHs] S dAA e Hule
Carpet Before flame retardant treatment | 244.51 wg} o] ZrtE iy BRyVE vyl glon, o
5 A 42 2] Fxo A TS de Ao
A%Hor FsE AL ey, Agasds 2 QA kD
= A FEAEA 3,600 secol A 13.0022 LERSE
o} AlY A7 ASTM E 662 +40 <3 o) A8 3.1.3 SA RS 9 Bale s AE A
A1ZESL 3,600 secoll Al °‘«W°E AHe T AEFH 7HIE Ztzte] A5 thated W A A

= WY A - Fe giste] ti Aols Foll e AiApel BE2 e AP A3E Table 4

wolAE 3 A F ZHEA A 20 AR o eI, TLATE PE R A A

AL 34 ¢FF 7]13#<] 200 DmETF HhA7|Ex=rF  B57F 883 Fsht vl B9

o e EO] 71

WA yehgomg 3 obg 7Fo A3 Aew = IUAT AL JHIE BT W M dEu 3
At H), A Al F9 ABAA &AL H A UERE
14 before
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10 +
£ 8
a
6
4 -
2
O @ i i 1 1
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Time(sec)

Fig. 3. Smoke density of curtain before and after flame retardant treatment.
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Fig. 4. Smoke density of carpet before and after flame retardant treatment.
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Table 4. Experimental result of limiting oxygen index and

ignition

Experimental materials

Limited
oxygen
index

(%)

Ignition
tempera-
ture

Curtain

After flame retardant treatment | 34.93 395

Before flame retardant treatment] 21.01 388

Carpet

After flame retardant treatment | 29.45 288

Before flame retardant treatment| 18.49 281

Table 5. Experimental result of cone calorimeter

388°CollA] 2] W A7 o AFEE 395°CA]

#3l7t 7Fsste, PP 7HIE

o A% g A A

AEE 281°CAlA 22]a Wl A2] 9] A E= 288°C
oM #Hart 7hsstiet. 3 W A2l 52 A5
A R EE w2 yehbaA del tid S
Bt} o]} 7o AxE WA A E Qg &g -

3}elz WhHo g o % o
o] 711k €J+° 2 AR
3.2 ged x{2[st 7t EL]
HAM
=
32.1 €WEs AEES
W

AAY A7) w3
A,

ALEof e Sy

A2 3 FHHE Theu AMeEkA e A st

Experimental materials

Peak heat release rate
(50 kW/m?)

Mean rate of heat release
(50 kW/m?)

Total smoke release
(50 kW/m?)

Unused

336.58

96.30

750.53

Carpet

Used(3 years)

694.33

110.15

570.87

800

700

600 |

500 |

400

HRR(KW/m?)

300 |

200

100

—e— Unused

—oe— Used(3years)

0

50 100

150 200 250

Time(sec)

Fig. 5. HRR of unused and used carpet treated with flame retardant.
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Fig. 6. THR of unused and used carpet treated with flame retardant.
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Table 7. Experimental result of limited oxygen index and
ignition temperature

Table 6. Experimental results of specific optical of smoke . .
Experimental materials Limited oxygen Ignition
Experimental materials | Maximum smoke density (Dm) P index (%) temperature
Unused 362.36 Unused 29.45 288
Carpet Carpet
Used(3 years) 571.85 Used(3 years) 20.11 268
700
Unused
600 = = =Used(3years)
500
c 400
o
300 |
200 "l
3
100
O I}
0 300 600 900 1200 1500 1800
Time(sec)

Fig. 7. Smoke density of unused and used carpet treated with flame retardant.
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