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Phenolic foam prepared by lignin from a steam-explosion
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Abstract:
utilize carbohydrates hydrolyzed from cellulose and hemicellulose but also use lignin. We used steam-exploded corn stalk

To increase the integral economic effectiveness, biorefineries of lignocellulosic materials should not only

as raw materials and optimized the temperature and alkali concentration in the lignin extraction process to obtain lignin
liquor with higher yield and purity. Then the concentrated lignin liquor was used directly to substitute phenol for phenolic
foam preparation and the performances of phenolic foam were characterized by microscopic structure analysis, FTIR,
compression strength and thermal conductivity detection. The results indicated that, when steam-exploded corn stalk was
extracted at 120 ‘C for 2 h by 1% NaOH with a solid to liquid ratio of 1:10, the extraction yield of lignin was 79.67%. The
phenolic foam prepared from the concentrated lignin liquor showed higher apparent density and compression strength with
the increasing substitution rate of lignin liquor. However, there were not significant differences of thermal conductivity and
flame retardant properties by the addition of lignin, which meant that the phenolic foam substituted by lignin liquor was
approved for commercial application. This study, which uses alkali-extracted lignin liquor directly for phenolic foam
preparation, provides a relatively simple way for utilization of lignin and finally increases the overall commercial
operability of a lignocellulosic biorefinery derived by steam explosion.
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Fig. 1 Comparison of lignin, carbohydrate and ash
content in alkali extraction under different conditions of
steam explosion. A: control; B: 1.3 MPa, 5 min; C:
1.5 MPa, 5 min; D: 1.8 MPa, 5 min.
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Fig. 2 Lignin extraction yield, carbohydrate content and
yield of extraction residue at different extraction
temperature.
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Table 1 Weight-average (Mw ), number-average (Mn)

molecular weight and polydispersity ( My / M. ) of
lignin extracted under different temperature

Extraction _ _ —
temperature (‘C) M M (M /M)

60 7 054 3048 2.31

80 7165 3105 2.31

100 7 104 3126 2.27

120 6 848 2 675 2.56

140 5516 2274 2.42

160 5424 2208 2.46
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Fig. 4 Lignin extraction yield, carbohydrate content
and yield of cellulose residue extracted by NaOH
solutions with different concentrations.
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Fig. 5 Molecular weight distributions of lignin extracted
by NaOH solutions with different concentrations.
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molecular weight and polydispersity (M. / M, ) of
lignin extracted under different concentrations of NaOH

NaOH — — —
concentration (%) My i (il (i)
0.25 7 229 2711 2.66
0.50 7 196 2 626 2.74
1.00 6 848 2 675 2.56
1.50 6716 2 599 2.58
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Fig. 6 Scheme for phenolic foam prepared by lignin from steam-explosion derived biorefinery of corn stalk.
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Fig. 7

comparison of pure phenolic foam and lignin substituted
phenolic foam (a and c: pure phenolic foam; b and d:

Morphological and microscopic structure

lignin substituted phenolic foam).
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Fig. 8 FTIR spectra of lignin extract (LE), lignin
substituted phenolic foam (LSPF) and pure phenolic foam
(PPF).
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Table 3 Density, compression strength and thermal conductivity of phenolic foam with different substitution
rate and a comparison with those reported by literatures

Substitution rate (%) Density (kg/m®)

Compression strength (MPa)

Thermal conductivity (W/(m-k))

0 31.4443.68
10 34.98+2.18
20 35.1442.92
30 36.84+4.17
33013 45.20
16.67M1¢ 28.55

0.231+0.026 0.023
0.245+0.007 0.024
0.259+0.020 0.025
0.236+0.019 0.023
0.11 0.032
0.15 =

40 kg/m’ LIF, & FZAiscakdfiat™, @mkay
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