6 No.6
2008 6 ACTA POLYMERICA SINICA Jun. 2008
12 1 1 1% 1
! 33047 2 330047
50% + 50%
3% 150£5 C 150 min
30 r/min 25% 3.96%
25% + 125% 8.85 Pa s
20% +130% 4 4'- /
1.1 33.6 kg/m’ 118 kPa 6.91 MPa
12.63% .
12% o
1
23
4
1
1.1
’ 100
4% 10° 1
35% ~ 40%
Table 1 The chemical composition of bamboo residues and corn starch
Moisture Alcohol benzene Holocellulose Acid insoluble Starch content
Ash  wt% Protein - wt%
content  wt% extractive  wt% wt% lignin - wt% wt%
Bamboo residues 6.31 0.78 1.67 3.32 71.02 23.03 trace
Corn starch 8.54 0.12 0.49 0.15 0 0 90.69
1.2 AR 4 4'-
Cp MDI
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Table 2 The effects of liquid ratio of liquefaction solvent to bamboo residue on the properties of the resulting liquefied mixture
Liquid ratio of liquefaction solvent to bamboo residues 5/1 4/1 10/3 20/7
Residual content of liquefied mixture % 2.84 3.96 5.82 16.7
The apparent viscosity of the liquefied mixture Pa s 0.22 0.31 0.52 0.67
The hydroxyl value of the liquefied mixture mg/g 455 294 271 266
“mg/g  KOH/Sample
2.3 10
30% .
Yao 3.
Table 3  The effects of the reactant’ s makeup on the properties of resulting liquefied mixture
Reactant’ s makeup wt% Apparent viscosity Hydroxyl value” Residual
Bamboo residues Corn starch Liquefaction solvent Pa s mg/g content %
25 0 100 0.39 294.2 6.32
25 125 100 8.85 293.1 6.18
20 130 100 6.51 295.8 3.96
15 135 100 5.52 298.2 3.53
“mg/g KOH/Sample
2.4
25% 20% +130% 4 25% +125%

15% +135% 3
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Table 4 The batch formulas for preparation of polyurethane foams from bamboo-corn starch liquefied mixture

Sample number 1 2 3
Ratio of biomass to liquefaction solvent wt% 25% Bamboo 20% Bamboo + 130% Starch 15% Bamboo + 135% Starch
Biopolyol dosage g 7 7 7
The hydroxyl value of biopolyols mmol/g 5.24 5.27 5.31
Blowing agent water g 0.4 0.4 0.4
Dibutyltin dilaurate as catalyst g 0.2 0.2 0.2
4 4’-Diphenylmethane diisocyanate g 11.50 11.53 11.57
Siloxane-polyether YOKE-2004 g 0.3 0.3 0.3
12.63% .
25%
20% + 130% 3.
15% +  135% S 14
5 2. é 13 +
'8 /u—l:l—n
Table 5 The mechanical properties of the foams obtained from different En 12 - u]
polyols %; 11 F /
i Y.
Sample Density Compressive Elastic Color of 2 10 g
©
number® kg/m3 strength  kPa modulus MPa  the foams 2 9r /./
177}
1 38.7 Collapse Collapse Black & 8t
= _g—a—0o—"0
2 33.6 118 6.91 Dark 5 7 o
3 30.4 109 5.43 Grey 2 6 , , ) , , ,

0 2 4 6 8 10 12

Psossess the same implication in Table 4 Mounding time (months)

Fig. 3 The plot of weight loss of polyurethane foams obtained
from 20% bamboo + 130% starch biopolyol during mounding
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POLYURETHANE FOAMS MADE FROM COMBINED LIQUEFACTION
MIXTURES OF BAMBOO RESIDUES AND STARCH

LIU Yuhuan' > GAO Longlan' LUO Aixiang' RUAN Rongsheng' LIU Chengmei'
! Engineering Research Center of Biomass Conversion  MOE ~ Nanchang 330047
% State Key Laboratory of Food Science and Technology ~Nanchang University ~Nanchang 330047

Abstract The goal of present investigation is to produce high biomass content biopolyol which has the potential of
replacing the expensive polyether polyol in manufacturing of polyurethane foams through a thermochemical
liquefaction process by using bamboo residues combined with corn starch as raw material . Single factor experimental
design was adopted to test the effect of the composition of liquefaction reagent the different liquid ratio and the
proportion of bamboo to starch on the physical and chemical properties of the resulting liquefaction products.
Polyurethane foam was prepared by using this liquefaction products instead of polyether polyol. Finally the physical
mechanical properties and biodegradability of the resulting polyurethane foam were determined according to the
simplified ASTM D5338-98 test method.

The experimental results showed that the best resulting biopolyol was obtained by using 50 wt% of ethylene
carbonate + 50 wt% of ethylene glycol as complex liquefaction solvent adding 3 wt% of fuming sulfuric acid to
liquefaction solvent as catalyst under the reaction temperature of 1505 °C  oil bath and atmosphere pressure
and the reaction time lasted for 150 min with constant agitation within present experimental design.Only less than
30% of the bamboo residues can be well dissolved in the complex solvent due to the tendency of secondary
condensation of the liquefied components. In order to reduce the production cost of the biopolyol by increasing its
biomass content 15 wt% ~ 25 wt% of bamboo residue combined with 125 wt% ~ 135 wt% of corn starch over the
liquefaction solvent was liquefied stepwise. The viscosity of the liquefaction mixture resulting from the combined
liquefaction of 25 wt% bamboo residue and 125 wt% corn starch is as high as 8.85 Pa s which is not suitable for
polyurethane foam preparation and the polymer segment content in the liquefaction product of the pure bamboo

residues was so low that the resulting polyurethane foam collapsed badly. When combined liquefaction mixture of 20
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wt% of bamboo residue and 130 wt% of corn starch was blend with 4 4’-diphenylmethane diisocyanate MDI and

the other additives with the molar ratio of —NCO/—OH equal to 1.1 polyurethane foams with acceptable

mechanical properties apparent density of 33.6 kg/m’ compressive strength of 118 kPa and elastic modulus of 6.91
MPa were obtained . The biodegradability determined was 12.63% expressed by weight loss in one year round.
Keywords Bamboo residues Corn starch Combined liquefaction mixture Polyurethane foams Properties



	F1: 


