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Fig. 1 The yields of lignin liquefied products at different
conditions

Reaction conditions: a) 350°C & 4 h; b) formic acid; ethanol

1:1 & 4 h; ¢) formic acid: ethanol 1: 1 & 350°C
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Table 1 TGA results of catalyzed thermal decomposition of lignin

Initial
Inflection
decomposition 350°C
Catalyst used temperature
temperature residue
, ()
(c)
No catalyst 220 393 81%
Potassium carbonate 230 354 82%
Nickel nitrate 120 333 62 %
Cobalt nitrate 130 320 55%
Tron(1II) sulfate 190 390 75%
Chloroplatinum acid 140 322 56%

2 ] G840 R A Ak 7 B, 5 05 A A Ak ) 1 A
PUAH Fb , A 27 I B 2 W e aA D R i 1 VR IR
FEPICRIN 66 wi% $i 5 B 75 wi% |, 1 [ R 5% i
8 wt% FEARE] #2235k 0. 31X 3 W78 A i 3 WAk
bR G RR AR R RS T AR
W RN T Ak
2.3 KBREZRRUFEWSH

VNG T At/ e~ W S| SR (15l R N
A EG 2R A SO AR 5T 3R TR B o B4 1) i Al
Aot B 2 SRR LR WAL = Wi GPC i E
(P W =1:1,350°C ,4 h) , &KW IIE F L I
S0 0 AR T AR TR E W T (R AT M,
=588 ,M, =1337, Z /3 B 45 £ (PDI) 2. 27 ; [ ik
JEWARTEY) M, =143 M, =247 ,PDI =1.72). —

FReAR BT vl TR A I 3R I A [ I 23 e A 4 R AR
P BECAN T VTR A DAL ) A R A
RO T AR B R A A R AL RO, AT
BRI THEY.

0.5

0.4 -

Liquefied lignin —
03 F d

0.2

Intensity

Lignin ——

Il 1
0 5 10 15 20 25

Elution time (min)

Fig. 2 GPC spectra of lignin liquefied products showing

the molecular weights
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Table 2 GC-MS results of lignin liquefied products

Liquefaction conditions

Compounds found

400°C 4-Methylphenol;  4-ethylphenol; 2-methoxyphenol; 2-methyl-4-ethylphenol;  4-propylphenol;  2-ethyl-4-
propylphenol; 2-methoxy-4-ethylphenol; 1-isopropyl-2-methoxy-4-methylbenzene
350°C 4-Methylphenol; 4-ethylphenol; 2-methoxyphenol; 2-methoxy-4-propylphenol; 2-methoxy-4-methylphenol; 4-

ethylguaiacol ; 2,6-dimethoxyphenol; 2,6-dimethoxy-4-(2-propyl) phenol

320°C 2-Methoxyphenol;  2-methoxy-4-methylphenol; 2,

trihydroxyphenyl ) ethanone

350°C , platinum

propylphenol;  2-methoxy-4-ethylphenol ;

methoxyphenyl) ethanone

6-dimethoxyphenol; 4-ethylguaiacol; 1-( 2, 3, 4-

4-Methylphenol;  4-ethylphenol; 2-methoxyphenol;  2-methyl-4-ethylphenol; 4-propylphenol; 2-ethyl-4-
4-ethylguaiacol; 2, 6-dimethoxyphenol; 1-( 2, 6-dihydroxy-4-
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100 - 1: 4-methylphenol 56: 2-methoxy-4-propylphenol
2: 2-methoxyphenol 7: 1-(2,3,4-trihydroxyphenyl)ethanone
3: 4-ethylphenol 8: 1-(2,6-dihydroxy-4-methoxyphenyl)-ethanone
4: 4-ethylguaiacol 9: 1-(2,4,6-trihydroxyphenyl)-1-propanone
80| s: 2,6-dimethoxyphenol 10: 2,6-dimethoxy-4-(2-propenyl)phenol
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Fig. 3 GC-MS spectrum of lignin liquefied products showing
the chemical components (in ethanol-formic acid 1:1,350°C ,
4 h)
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Table 3  Thermal properties of the cured phenolic resins by TGA
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Fig. 4 The possible mechanism for lignin reductive degradation in supercritical ethanol
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REDUCTIVE DEGRADATION OF LIGNIN IN SUPERCRITICAL SOLVENT AND
APPLICATION IN PHENOLIC RESIN SYNTHESIS

WANG Mingcun

(School of Chemistry and Environment, Beihang University, Beijing 100191)

Abstract  The lignin was readily decomposed into phenol compounds wie reductive liquefaction in
supercritical ethanol media ( formic acid decomposed into hydrogen at reaction temperatures ), opening a
promising opportunity to lignin-derived value-added aromatic compounds for highly possible application in
phenol-formaldehyde resin production. The supercritical ethanol was the ideal reaction medium for lignin
degradation, and the in situ generated hydrogen exactly promoted the decomposition reactions to smaller
molecules via encapping the lignin radicals to terminate the further coupling and condensation. The liquefaction
mechanism was radical thermal degradation. Some transition metal salts could catalyze the above lignin thermal
decomposition ,including nickel nitrate , cobalt nitrate and chloroplatinum acid. The yield of the lignin-degraded
liquid increased with the increase of formic acid used in the ethanol solvent,while slightly deceased when the
reaction temperature increased. The molecular weight of the lignin-derived liquid highly decreased with
increase of the reaction temperature ,e. g. at 350°C the number average molecular weight was 143 while for the
original lignin feedstock it was 588. The optimum reaction conditions are found to be ethanol-formic acid weight
ratio at 1:1; lignin load at 10 wit% ; reaction temperature at 350°C for 4 h. The lignin-derived phenols were
characterized by GC-MS technique, and the liquefied product was mainly phenol derivatives with simple
structures. Compared with the lignin, the bio-phenols possessed highly improved solubility and reactivity in
phenol-formaldehyde synthesis. As the ideal replacement of industrial phenol, lignin-degraded bio-phenol was
utilized readily in resol type phenolic resin production with a replacement higher than 50 wt% . The thermal
stability was slightly decreased with the increased amount of lignin-derived biophenol in the phenolic resin
formula. The results showed the effective reductive degradation of lignin in supercritical ethanol would have a
promising outlook in value-added phenol compounds and biomass-based renewable phenol-formaldehyde
resins.

Keywords Lignin, Decomposition, Reductive, Phenols, Phenolic resin



