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ABSTRACT

The purpose of this study is to evaluate flame retardant performance, thermal stability and tox-
icity of combustion gases for some commercial wallpapers. To evaluate flame retardant perfor-
mance 45 degree combustion experiment method was used and thermal stability was evaluated
using DSC and TGA apparatus(DSC-50/Shimadzu, TGA2050/TA Instruments Inc). Concentrations
of CO, CO,, HCN and HCl were measured with (GASTEC/Japan, MSA400 Gas Monitor/Infitron
Inc) and toxicity indices using NIST N-Gas Model were applied to evaluate the toxicity of com-
bustion gases. The evaluation produced the following results : First, paper, cork and PVC wallpa-
per treated with flame retardants were found to be suitable for flame retardant performance
standards. Second, paper, cork and PVC wallpaper non-treated with flame retardants were shown
to be relatively more hazardous because they had greater calorific values and a faster decompo-
sition time than the flame retardant treated wallpapers. Third, the toxicity indices of non-treated
wallpapers were found to be higher than those of treated wallpapers, and the toxicity index of
PVC wallpapers was higher than those of paper and cork wallpapers.

Keywords : Fire risk, Flame retardant performance, Thermal stability, Toxicity of combustion gases,
Paper wallpaper, Cork wallpaper, PVC wallpaper
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Table 2. Results of flame retardant performance

Measure |Carbonization [Carbonization | Rresidual | After glow
length area flame time| time Note
Samples (cm) (cm?) (s) )]
Paver Mean 35 875 433 0 Occur soot around carbonized samples when
pe SD 0 0 291 0 applied heat for 1minute.
FR | Mean 6.3 184 0 0 After fire adheres, when removed burner after
Paper SD 0.14 0.9 0 0 3 seconds, 100% of samples disappeared.
c Mean 30 593 116.7 1217 | Occur soot around carbonized samples when
ork . .
SD 0.94 5.45 2.72 2.72  |applied heat for Iminute.
FR | Mean 5.5 125 0 0 Occur soot around carbonized samples when
Cork [ sD 0.08 1.16 0 0 applied heat for Iminute.
PVC Mean 35 875 56.7 0 After fire adheres, when removed burner after
SD 0 0 0 0 3 seconds, 100% of samples disappeared.
Mean 4 11.67 1 0 Occur soot around carbonized samples when
FR PVC . .
SD 0.16 0.68 0 0 applied heat for 1minute.

FR : Flame retardant, SD : Standard deviation.

Table 3. Mean results of thermal stability using DSC

Sample Name Temperature(°C) Peak time { Sample |Heat Power| Heat
P Onset | Peak | Endset | (min) |Weight(mg)| mW/mg) | (KI/@)
Pa Mean 306.77 368.05 456.06 25.91 5.0 7.56 4.46
r
pe SD 0.18 0.44 0.02 0.01 0 0.09 0.05
Mean 303.45 374.28 466.16 26.66 5.0 4.87 3.85
FR Paper
SD 0.07 0.27 0.45 0.25 0 0.09 0.09
Cork Mean 342.81 431.62 468.69 30.73 5.0 8.81 6.96
or]
SD 0.48 0.20 0.22 0.06 0 0.12 0.03
Mean 399.63 468.50 469.64 37.84 5.0 5.92 5.19
FR Cork
SD 0.09 0.27 0.28 0.08 0 0.07 0.04
PVC Mean 292.43 458.50 465.70 32.36 5.0 8.57 5.30
SD 0.31 0.31 0.18 0.03 0 0.23 0.14
M 312.85 461.66 468.48 33.89 50 4.98 3.58
FR PVC can
SD 0.47 0.19 0.28 0.06 0 0.04 0.05
FR : Flame retardant, SD : Standard deviation.
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Fig. 1. Comparison of heat power between flame
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Comparison of weight loss between flame

retardant treated and non-treated wallpapers.

Table 4. Mean results of weight loss using TGA (Unit : °C)

Weight losss 10% 20% 30% 40% 50% 55% 60% |Weight loss
Samples loss loss loss loss loss loss loss at 480°C
Paper Mean 305.30 323.70 335.14 343.53 352.30 356.68 362.65 70%
SD 037 0.52 0.15 031 0.27 0.27 0.38 -

Mean 270.53 282.98 300.19 360.53 480.51 - - 50%

FR Paper

SD 0.24 028 0.26 0.25 04 - - -

Cork Mean 278.77 319.52 334.71 348,51 376.53 392.31 406.47 79%
SD 0.33 0.42 0.07 0.24 0.09 0.2 0.42 -

FR Cork Mean 27348 309.46 336.56 352.69 375.29 391.31 407.48 76%
SD 0.34 04 0.45 0.46 04 0.38 0.31 -

PVC Mean 231.98 256.57 281.45 310.79 341.84 360.51 438.34 63%
SD 0.53 0.37 0.34 0.47 0.23 0.46 0.53 -

FR PVC Mean 241.15 260.78 280.23 298.89 381.72 469.27 - 56%
R SD 0.65 0.37 0.49 045 044 0.45 - -

FR : Flame retardant, SD : Standard deviation
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Table 5. Results of toxicity index using CO, CO,, HCN
and HCI

ombustioj Toxicity

gase§ CO | CO; | HCN { HC! | index

Samples (Tx)
Paper 0.16 | 0.97 - - 1.13
FR Paper 026 | 083 | 0.84 | 0.01 1.94
Cork 014 | 097 | 036 | 001 | 148
FR Cork 0.16 | 052 | 140 | 0.01 2.09
PVC 010 | 1.02 | 3.13 | 0.08 | 4.33
FR PVC 014 | 050 | 3.85 | 0.11 4.60

FR : Flame retardant.
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Table 7. A division of hazard class by toxicity index

Hazard class Toxicity index Hazard
extent responses
0 0.4 below None
1 04~15 A litter hazard
2 1.5~2 Hazard
3 2~4 Heavy hazard
4 4 above Severe hazard

1. Gj is responses of CO, CO,, HCN, HCI'*19,

2. LCso is 30 minutes LCs concentration of combustion
gases(Table 1).

—Calculate toxicity index of 1,2 and divide hazard class
according to hazard responses

Table 6. Results of flame ratardant performance, thermal stability and toxicity

Samples Flame ratardant Thermal stability ’_I‘o_xici_ty Note
performance (Heat/Loss) (Toxicity index)

Paper X 4'47%;?0 113 %fii?t?]i:gmy i
FR Paper O o 1.94 %;Z?;?g " $
Cork X 6.9769}??/J 1.48 ?:;ji?tl;lirsla?;my i
FR Cork O 5'136;,% 2.09 g)]:il:ir:;lizfi?;ﬁty 1
PVC X 5'36%,];/] 4.33 %;il;rirtl;diz::fity #
FR PVC O 3'5:6;,’;/] 46 }‘:fi?;yaliz?:;ﬁty 1

FR : Flame retardant.
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