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Abstract: The thermal stability of rigid polyurethane foam (r-PUF) depends on the chemical properties including polyol,
isocyanate, and flame-retardants. In this study, melamine-phosphate flame-retardants coated with porous kaolin (K-MP)
in aqueous solution were synthesized to compare the long-term thermal stability with commercial melamine-phosphate
(MP) containing r-PUF. Thermogravimetric analysis (TGA) was mainly employed to estimate the long-term thermal sta-
bility of r-PUF by flame-retardants at pyrolytic temperature of 90 wt% loss. It was shown that MP based r-PUF holds
the lowest remaining weight of 19.1 wt%. The TGA data further confirmed that K-MP based r-PUF (MP 7.9 wt%) holds
26.3 wt%, which shows lower decomposition rate than MP based r-PUF of 23.4 wt% after the thermal test. Moreover,
r-PUF with fire retardants had reached early decomposition stage faster than r-PUF but had gradually decreased decom-
position rate in the long-run.
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Figure 1. Flow diagram of kaolin-melamine phosphate preparation
process.
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Table 1. Chemical Properties of Rigid Polyurethane Foam Samples (unit: wt%)
Polyol Catalyst Flame retardant
Sample No- ) 4 450 SR-383 DI DMEA LV33 sﬁ;‘;::;flt o K-MP MP
Sample 1 7.6 36.4 52.8 0.4 0.9 0.6 1.3 - -
Sample 2 7.4 35.6 51.6 0.4 0.8 0.6 1.3 2.1 -
Sample 3 7.2 349 50.6 0.4 0.8 0.6 1.3 4.1 -
Sample 4 7.1 342 49.5 0.4 0.8 0.6 1.3 6.1 -
Sample 5 7.0 33.5 48.6 0.4 0.8 0.6 1.2 7.9 -
Sample 6 7.4 35.6 51.6 0.4 0.8 0.6 1.3 - 2.1
Sample 7 7.2 349 50.6 0.4 0.8 0.6 1.3 - 4.1
Sample 8 7.1 342 49.5 0.4 0.8 0.6 1.3 - 6.1
Sample 9 7.0 33.5 48.6 0.4 0.8 0.6 1.2 - 7.9
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Table 2. Pore Area and BET by Acid Treatment and Coating
Time

(unit: m%/g)
Component  Micropore area External BET
surface area

Basic Kaolin 2.2375 21.4358 23.6733
H,SO,-1M 335.1340 83.4803 418.6143
H,SO,-3M 312.1873 98.3858 410.5732
H,SO,-5M 195.2623 101.2733 296.5356
K-MP-1h 39.4747 28.3773 67.8520
K-MP-3h 10.6684 28.2455 38.9139
K-MP-5h 53.8651 36.6509 93.5160
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A7)l FYAIZRS A0S Al 389139 mYgl & 7P & =
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Figure 2. FTIR spectra of synthesized MP, K-MP, and bi-MP.
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Figure 3. Particle size distribution of porous inorganic material and
K-MP.
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Figure 4. SEM-EDX images of (a) porous inorganic material; (b) K-MP.
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(h) Sample 8 (i) Sample 9

Figure 5. SEM images of each sample: (a) pure-PUF; (b) K-MP 2.1 wt%; (c) K-MP 4.1 wt%; (d) K-MP 6.1 wt%; (e) K-MP 7.9 wt%; (f)
MP 2.1 wt%; (g) MP 4.1 wt%; (h) MP 6.1 wt%; (i) MP 7.9 wt%.
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Figure 7. Thermographic analysis of each sample.
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Table 3. Weight Loss (%) of Each Sample by Temperature

Weight loss (%)

Sample
100 °C 200 °C 300 °C 400 °C 500 °C 600 °C
pure-PUF Sample 1 98.8 97.9 82.0 36.7 20.7 19.1
K-MP 2.1 wt% Sample 2 98.7 97.9 80.5 36.9 233 21.5
K-MP 4.1 wt% Sample 3 98.5 98.1 84.0 36.3 23.6 22.0
K-MP 6.1 wt% Sample 4 98.2 97.7 84.5 38.6 26.5 24.8
K-MP 7.9 wt% Sample 5 99.6 99.1 79.3 37.3 28.2 26.3
M-P 2.1 wt% Sample 6 98.7 97.9 73.7 29.8 21.1 19.9
M-P 4.1 wt% Sample 7 98.7 98.1 72.8 323 22.1 20.7
M-P 6.1 wt% Sample 8 98.7 98.2 65.9 322 22.6 21.5
M-P 7.9 wt% Sample 9 98.4 97.8 62.0 33.5 24.5 234
Sample 2 & 6 Sample 3 & 7

100 100
y = -0.1787x + 118.91 y = -0.1787x + 119.39

50 80 y = -0.1836x + 119.02
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Figure 9. Thermographic analysis of K-MP and MP samples.
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Table 4. Linear Slope of Thermographic Analysis

Content (wt%) K-MP M-P
2.1 - 0.1787 - 0.1836
4.1 - 0.1787 - 0.1836
6.1 - 0.1700 - 0.1821
7.9 - 0.1682 - 0.1767
110
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100 4 oo Sample 5
- ——— Sample9
50
)
E 80
:
o 704
z
&0
£0
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0 1000 2000 2000 4000 5000 6000

Time (sec)

Figure 10. Long term stability analysis at 280 °C.
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