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Characterization of Degradation Features and Degradative Products
of Poplar Wood(Populus albaxglandulosa) by
Flow Type-Supercritical Water Treatment’
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ABSTRACT

In this study, the possibility of sugar conversion of poplar wood(Populus alba xglandulosa) and
their degradation features of major wood components were characterized using flow type super-
critical water treatment system. The finely ground poplar wood meals were treated for 2min. under
subcritical condition(23MPa, 275°C and 325°C) and supercritical condition(23MPa, 375°C and 415
), respectively. The degradation products of poplar wood meals appeared brownish colors,
including undegraded solids. Increasing the temperature of the system, the degradation rate of
poplar wood meals was accelerated and reached up to 94% at 375°C. The total amount of reducing
sugars in degradation products determined by DNS method were gradually lowered when the
temperature condition became severe. This indicated that the reducing sugars formed were further
degraded to furan derivatives by certain side reaction such as pyrolysis under higher temperature.
In order to characterize degradation features of lignin, the degradation products were extracted with
ethylacetate and the organic phases were subjected to GC-MS analysis. Main lignin degradation
products were identified to vanillin, guaiacol, syrinaldehyde, 4-prophenyl syringol and dihydrosinapyl
alcohol, which could be formed by the cleavage of ether linkages in lignin polymers by high

temperature condition.

keywords : poplar wood(Populus albaxglandulosa), supercritical water, GC-MS analysis, reducing

sugars, lignin, furan derivatives, phenolics
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Figure 1. Schematic diagram for flow type super-
critical water oxidation system(SCWO).
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Table 1. Characterization of supercritical water oxidation products of Populus albaglandulosa.

Liquid degradation products

SCWO con dition Pop‘ljar Unc;egll"zded Degradation Lignin*

(22-23MPa) pOW cr 011 content Total sugars"

® ®) (%) ® pH %)

untreated 100 - - 25.8 - 74.2

Sub 275C 100 13.1 86.9 11.1 3.66 583

critical 355 10 14.4 85.6 13.6 3.50 42.9

Super  375C 100 6.3 93.7 61 325 30.6

critical 415 100 8.3 91.7 15 329 389

* . based on undegraded solids -
* : determined by DNS method
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Figure 2. Comparison of degradation products from
organosolv lignin(above) and avicel (below)
after treatment with supercritical water
condition for 2min.
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Figure 3. Gaschromatographic separation of EtOAc-
soluble degradation products of Populus
albaglandulosa under sub- and super-
critical water oxidation condition [C :
degradation product from cellulose, IS :
internal standard(naphthalene)].
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Table 2. Characterization of degradation products of Populus albaglandulosa by supercritical water

treatment after ethyl acetate extraction

No. degradation products identified by GC/MS

Concentration of componénts (mg/g sample)

275C 325TC 375C 415C

C-1 2-furaldehyde

C-2 2-cyclopenten-1-one

C-3 5-ethyl-2-furaldehyde

C-4 5-hydroxymethyl-2-furaldehyde
L-1 phenol

L-2 syringol
L-3 vanillin
L-4 dihydroeugenol
L-5 acetoguaiacone

L-6 4-prophenyl syringol
L-7 syringaldehyde

L-8 dihydrosinapyl alcohol
L-9 acetosyringone

2.03 1.54 2.15 1.44
0.00 0.00 .3.13 3.98
0.00 0.00 0.88 0.73
4.49 3.07 122 1.07
0.00 3.05 5.24 497
0.49 1.41 2.18 2.19
0.00 0.00 0.88 0.85
000 052 0.78 0.69
0.00 0.00 049 043
0.00 0.00 0.23 0.70
0.00 0.57 0.94 1.16
0.00 035 051 047
0.00 0.34 0.73 0.72

C : degradation products of cellulosics
L : degradation products of lignin
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Figure 4. GC-MS identification of main components in degradation products by supercritical water

treatment and their chemical structures.
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