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Abstract: Polyurethane/melamine phosphate composite foam (MP-PUF) was prepared from poly(adipate)diol/melamine
phosphate composite (/=2), polyether-polyol (~4.6), and PMDI (/=2.5). The thermal properties of MP-PUF such as mor-
phology, closed-cell content, thermal conductivity, and thermal stabilities were characterized. Water was used as a blo-
wing agent, and the composition of melamine phosphate (MP) was maintained at 1.43+0.3 wt% of MP-PUF. As the
content of water increased, the thermal conductivity of pure polyurethane foam (PUF) decreased, whereas the thermal
conductivity of MP-PUF increased. The thermal stabilities of the PUF and the MP-PUF were maximized at 5 php H,O,
and then decreased at the higher H,O contents. The thermal stabilities of MP-PUF were greatly enhanced due to the
synergetic effect of MP and urea, which was generated during the blowing process. The temperature of 50% residual mass
of MP-PUF increased to 370~450 °C and the temperature of 30% residual mass exceeded over 700 °C. Compared to the
PUF, the temperature of 50% residual mass and 30% residual mass were higher than 25 and 70 °C, respectively.

Keywords: polyurethane foam, melamine phosphate, composites, themal conductivity, thermal stabilities.
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Table 1. Chemical and Physical Properties of the Raw Materials

Substance H(yr(lilrgl?(f)l I_}//agl)uca Ecxl)tl's.\/?;t;nt No. o’; r‘r})llllllc):tlonal at\g;icémgps) Remarks
Poly(adipate)diol 366 153" 2.0 450
Poly(adipate)diol with MP* 280 200 2.0 780 MP content Swt%
Polyether-polyol (SC-455) 450 125" 4.6 5700
PMDI? - 126° 2.5 290

“MP is abbreviation of melamine phosphate. “The equivalent value was determined from the measured hydroxyl value. “The equivalent value was
determined from the measured NCO%. “Polymeric 4,4'-methylenediphenyl diisocyanate.
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Table 2. Formulations Used to Prepare MP-Polyurethane Foam Composites

Sample Poly(adipate)diol SC-455 MP PMDI L-6900 Catalyst’ H,O
No. (Wt%) (Wt%) (Wt%) (Wt%) (Wt%) (Wt%) (Wt%/php)
PUF1 28.84 9.39 - 59.62 0.57 0.69 0.88/2.3
PUF2 26.49 8.63 - 62.49 0.53 0.63 1.23/3.5
PUF3 24.04 7.83 - 65.48 0.48 0.57 1.59/5.0
PUF4 21.41 6.97 - 68.69 0.42 0.51 1.99/7.0
PUF5 19.29 6.28 - 71.28 0.38 0.46 2.30/9.0
MP-PUF1 34.49 8.16 1.72 55.06 0.61 0.74 0.94/2.3
MP-PUF2 31.50 7.46 1.58 58.50 0.56 0.67 1.31/3.5
MP-PUF3 28.42 6.72 1.42 62.05 0.50 0.61 1.69/5.0
MP-PUF4 25.14 5.95 1.26 65.84 0.45 0.54 2.09/7.0
MP-PUF5 22.54 533 1.13 68.84 0.40 0.48 2.41/9.0

“N,N-Dimethylcyclohexylamine.
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Figure 1. Density of PUFs and MP-PUFs vs. the blowing agent
(water) content. The content of melamine phosphate of the MP-
PUFs was maintained at 1.43+0.30 wt%.
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Figure 3. Cell diameter of the pure PUFs (@) and the MP-PUFs
(M) vs. H,0O (blowin agent) content. The content of melamine phos-
phate of the MP-PUFs was maintained at 1.434+0.30 wt%.
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Figure 2. SEM images of pure polyurethane foams (PUF1~5) and melamine phosphate-polyurethane composite foams (MP-PUF1~5).
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Figure 4. Thermal conductivity of the pure PUFs (@) and the MP-
PUFs (M) vs. water (blowing agent) content: The content of
melamine phosphate of the MP-PUFs was maintained at
1.4340.30 wt%.

Table 3. Close Cell Content of the Pure PUFs and the MP-
PUFs

H,0 content  Close cell content (%)  Mole fraction of CO,’

(php) pure PUF  MP-PUF  pure PUF  MP-PUF
23 94.7 61.8 0.9473 0.6196
5.0 93.1 58.7 0.9314 0.5887
7.0 92.8 57.9 0.9285 0.5807

“The mole fractions of CO, in the pure PUF and MP-PUF were
calculated at 1 bar and 25°C, based on the assumption that the
polyurethane forms were composed of only closed cells and open
cells. The volume of closed and open cells was filled with CO, and
air, respectively.
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Figure 5. Cell diameter of the pure PUFs and the MP-PUFs vs. H,O
(blowin agent) content. The content of melamine phosphate of the
MP-PUFs was maintained at 1.43+0.30 wt%.
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Figure 6. TGA curves of the PUF samples: (a) pure PUFs samples;
(b) MP-PUFs samples. The content of melamine phosphate of the
MP-PUFs was maintained at 1.43+0.30 wt%.
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Table 4. Residual Weight of the PUFs and MP-PUFs at Various Temperatures

wt% of Residue mass

Sample H,O Melamine
No. (php) phosphate (Wt%) 4 350 °C at 400 °C at 500 °C at 600 °C at 700 °C

PUF1 23 - 535 433 363 316 26.9

PUF2 35 - 57.4 484 42.1 359 26.4

PUF3 5.0 - 59.2 512 445 393 314

PUF4 7.0 - 56.1 486 422 36.5 27.0

PUF5 9.0 - 50.4 354 18.8 16.8 16.2
MP-PUF1 23 1.72 55.7 49.1 40.9 355 29.9
MP-PUF2 3.5 1.58 58.3 50.1 432 38.8 327
MP-PUF3 5.0 1.42 59.9 54.0 47.1 417 34.6
MP-PUF4 7.0 1.26 57.2 523 45.8 39.7 314
MP-PUF5 9.0 1.13 56.1 44.1 277 22.1 213
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Figure 7. Enlarged view of Figure 6(a) and (b) represents the TGA
curves of the PUF and the MP-PUF samples. The content of mela-
mine phosphate of the MP-PUFs was maintained at 1.43+
0.30 wt%.
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