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EE: B A= Z98" E(polyurethane foam)2] &€ HHAS 33417171 218l polymeric methylene diphenyl
diisocyanate(PMDI)E pre-trimerization A|# pre-trimerized isocyanurate prepolymer(PT, PMDI trimer)E 373t &
0|5 o83} pre-trimerized polyurethane polyisocyanurate foam(PT-PUIRF)S 3431 th TGASH LOI, UL94 V
9 TsA 7S ARESEY] FAE PT-PUIRFS} polyurethane-polyisocyanurate foam(PUIRF)2] & <P 4=} 7]1A14
E298 vasidith FTIRS &3 PT-PUIRFO X3= o] e o]drjolrgo]E9] shafo] PUIRFRETE H& 7102
ursxl o, o]2 <18 PT-PUIRF7} PUIRFETH =2 g7 ddgde UepdS & 4 Atk

Abstract: To improve the thermal stability of polyurethane foam, the pre-trimerized polyurethane-polyisocyanurate foam
(PT-PUIRF) was prepared using pre-trimerized isocyanurate prepolymer (PT). Herein, PT was synthesized by “pre-tri-
merization” using polymeric methylene diphenyl diisocyanate (PMDI) and trimerization catalyst. Thermal stabilities and
mechanical properties of PT-PUIRF and polyurethane-polyisocyanurate foam (PUIRF) were evaluated via TGA and
UTM. Also, the flame retardancy of these foams was investigated by limiting oxygen index (LOI) and vertical burning
test (UL94 V). FTIR results showed that PT-PUIRF contained more isocyanurate than PUIRF, indicating that PT-PUIRF
had higher heat resistance and flame retardancy than PUIRF.

Keywords: polyurethane polyisocyanurate foam, pre-trimerization, polymeric methylene diphenyl diisocyanate trimer,
isocyanurate prepolymer, thermal stability.
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Figure 1. Trimerization of isocyanurate.
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Table 1. Reference Data of Raw Materials
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Raw material Base OH-value Explanatory
Sucrose 390 Polyether polyol
Polyol . .
Phthalic anhydride 330 Polyester polyol

Flame retardant

TCPP : Tris(1-chloro-2-propyl)phosphate

PC-5 : N,N,N',N",N"-Pentamethyldiethylenetriamine

Catalyst

K-15 : 30% diethylene glycol + 70% potassium octoate

Blowing agent
Surfactant
PMDI
PMDI trimer

Distilled water
B8462 : Silicon surfactant
NCO% = 31.2 wt%
NCO% = 22.6 wt%
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Figure 2. Synthesis of PMDI trimer.

Table 2. Formulation for PUIRF and PT-PUIRF
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Formulation PUIRF PUIRF PUIRF PUIRF PT-PUIRF  PT-PUIRF  PT-PUIRF  PT-PUIRF
1.41 1.93 2.48 3.07 1.41 1.93 2.48 3.07
Pol1001 (g) 96 80 68 57.6 96 80 68 57.6
SR500 (g) 24 20 17 14.4 24 20 17 14.4
D.I. water (g) 1.2
B8462 (g) 3
P-5 (g) 0.05
K-15 (g) 1.0
TCPP (g) 20
PDMI (g) 169.36 193.12 210.74 221.01
PMDI trimer (g) 169.36 193.12 210.74 221.01
NCO INDEX (%) 150 200 250 300 106 142 177 213
Isocyanate/Polyol wt ratio 1.41 1.93 2.48 3.07 141 1.93 2.48 3.07
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Figure 3. FTIR spectra of PMDI and PMDI trimer.
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Figure 4. TGA profile of PMDI and PMDI trimer.
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Figure 5. FTIR spectra of PMDI trimer at different temperature.
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Figure 6. FTIR spectra of (a) PUIRF; (b) PT-PUIRF; (c) absor-
bance of PUIRF and PT-PUIRF at 1410 cm™.
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Figure 7. TGA profile of (a) PUIRF; (b) PT-PUIRF, and different isocyanurate/polyol wt ratio foams (c) 1.41; (d) 1.93; (e) 2.48; (f) 3.07.
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Table 3. Results of UL94 V Test for PUIRF and PT-PUIRF Synthesized without TCPP

87

Samol PUIRF PUIRF PUIRF PUIRF PT-PUIRF  PT-PUIRF  PT-PUIRF  PT-PUIRF
ampie 1.41 1.93 2.48 3.07 1.41 1.93 2.48 3.07
UL94 rating N.C. N.C. N.C. Vo N.C. N.C. Vo Vo
Residue weight (%) 46.26 53.10 74.61 85.30 52.60 64.82 82.64 90.18

*N.C. :

not classified.
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Table 4. Results of UL94 V Test for PUIRF and PT-PUIRF Containing TCPP

Sample PUIRF PUIRF PUIRF PUIRF PT-PUIRF  PT-PUIRF  PT-PUIRF  PT-PUIRF
P 1.41 1.93 2.48 3.07 1.41 1.93 2.48 3.07
UL94 rating N.C. V-0 V-0 V-0 N.C. V-0 V-0 V-0
Residue weight (%) 73.47 86.84 88.20 91.25 85.53 90.00 92.97 96.00
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Figure 8. Optical images of (a) PUIRF; (b) PT-PUIRF after UL94
V test (Isocyanate/Polyol wt ratio = 1.41, 1.93, 2.48, 3.07 left to
right).
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