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Prepar ation of Polyurethane Rigid Foams Using
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Abstract: Lignin was extracted from fermentation residue of corn stalk by alkaline-ethanol extraction
method and then liquefied with polyethylene glycol/glycerol to produce lignin-based polyols for the
preparation of rigid polyurethane foams. The results showed that lignin with a yield of 93.5% and a purity
of 94.1% was obtained. When PEG-400/glycerol was used as liquefaction solvents, the liquefaction
efficiency of lignin was as high as 99.5% and the hydroxyl number of liquefaction product was 360 mg
KOH/g. For the preparation of polyurethane rigid foams, the polyether polyols could be replaced by the
obtained liquefaction product, and the rate of substitution could reach 47% (mass fraction). The core density
and compression strength of prepared polyurethane foam were 48.6 kg/m® and 212 kPa, which met the
national standards of industrial polyurethane hard foam.
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Fig. 1 Schematic drawing of synthetic procedures of lignin-based polyurethane foam
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Table 1 Formulations for preparation of polyurethane foams with different lignin contents
e - g g — — e — N
0 0 8 8 0.8 0.08 0.08 1.6 0.50 19
18 3.5 8 8 1.0 0.10 0.10 2.0 0.60 22
33 8.0 8 8 1.2 0.12 0.12 2.4 0.72 26
47 14.0 8 8 1.5 0.15 0.15 3.0 0.90 33
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Table 2 Orthogonal experiment design and results analysis of lignin liquefaction

P m(RZTE) c m(=8) BRI/ (kg/L) WAL IR /°C WAL (] /min KRBT WA %
1 4:1 1:5 100 10 80.6
2 4:1 2:5 120 30 99.5
3 4:1 3:5 150 50 69.1
4 2:1 1:5 120 50 95.5
5 2:1 2:5 150 10 78.2
6 2:1 3:5 100 30 65.2
7 1:1 1:5 150 30 92.0
8 1:1 2:5 100 50 88.5
9 1:1 3:5 120 10 55.6
I 249.2 237.8 2343 214.4

IT; 238.9 266.2 250.6 256.7

I1T; 236.1 189.9 239.3 253.1
k; 3 3 3 3

Li/k; 83.1 79.3 78.1 71.5

I1/k; 79.6 88.7 83.5 85.6

1IL/k; 78.7 63.3 79.8 84.4

R 4.4 25.4 5.4 14.1
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Fig. 2 Photos of outer morphology of polyurethane foams
with different lignin contents
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Fig. 3 SEM images of polyurethane foams with different
lignin contents
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Table 3 Core density and compressive strength of polyurethane
foams with different lignin contents

ARBFEWATYIME/ % SHE/ (kg/m)  JEATIRE/kPa
0 39.7 168
18 40.9 195
33 435 210
47 48.6 212
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Fig. 4 IR spectra of lignin and lignin-based polyurethane
foam with 47% liquefied lignin content
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Fig. 5 TGA curves of polyurethane foams with 0 and 47%
liquified lignin contents
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