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Chemical Features of Solid Residues Obtained from Supercritical
Water Treatment of Populus albaxglandulosa*
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ABSTRACT

After supercritical water treatment of poplar wood meals (passed through 60 mesh) for 60s
between 325 and 425°C at the fixed pressure at 220 + 10 atm, some solid residues were present
in the degradation products. They mainly consisted of chemically modified lignin and fibrous
materials. Glucose and xylose were identified as main sugar components of fibrous materials, and
the highest ratio of glucose/xylose was achieved at the highest reaction temperature. As reaction
temperature was elevated, the portion of fibrous materials decreased in the solid residues, while
lignin was further accumulated. The H : G : S ratio of lignin in solid residues was estimated by
analytical pyrolysis. Irrespective of reaction temperatures, the H:G:S ratios were not significantly
changed in the lignin in solid residues. Compared to poplar milled wood lignin (MWL), it was
remarkable that H type monomers were further lowered, while portion of S type monomers
increased. The amount of G type monomers were relative stable. In presence of HCI catalyst,
lowering H type as well as enhancing S type was further distinguishable. According to the result
of nitrobenzene oxidation (NBO), ca. 265 mg of vanillin and syringaldehyde was yielded from
poplar MWL as main products. However, remarkably reduced amount of NBO products were
determined from solid residues by raising operating temperature as well as by the addition of
HCI catalyst. These results strongly indicate that B-O-4 linkage could be easily cleaved during
supercritical water treatment, so that the lignins in the solid residues seem to be condensed
phenol polymers, which are mainly formed by carbon-carbon linkages rather than 5-O-4 linkage.

Keywords: supercritical water treatment, lignin, analytical pyrolysis, nitrobenzene oxidation
vanillin, syringaldehyde, H : G : S ratio, 8-O-4 linkage

1. A—l = shA gete JAdAME F5& wa goh 2ey

4 vlo]l e~ giAlo YA AYPoz &g}

A AAA SR AT st W 7] Wl 7] flEiM e 1% AAFERE o|Fof AEREQ
B S Holy oF & Zs] 93 o7 7HA 25 g9A4 o7 gelste ATl Hashy, o
s Feata gtk 1 d3tew AT 243t o 3 gladelge dadd 288 AAsE A
FH0l AR LHE GAKOR A5l o] o] Qs (Mioser et al., 2005; Wyman et al.,
£ 374 WAl vlojeu 2 Aoz giA S 4 9l 2005). #H <+ o] g EAA nfo]Qujo] FxH F
= el rhdo] W AgvF MAE I vk 1 ol A& AHAs] Hal AAY 34 FETHE SA
A& HAA vlo] emj~E 44 A glehd 244 S o o] 7+ e FFARI 7R 2UAFE ol &3}
ol A mEfe] thA| ol qA] Akl o o] glrkal ¥ v 5493 #e B AU Haya
ZFE A de), g Sl 22 AEF FAE oY) (Ehara et al., 2002a; 2002b: 2005 Choi et al.,
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2.5. Pyrolysis—GC/MS &=Ad

Z9AF Al oste] dojxl nF ALY i
3 222 Pyrolysis-GC/MSE o] &3}o] A A3+
(Faix et al., 1990a; 1990b; Meier and Faix, 1992).
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AFQIEE ol 200°Col A oF 10% oF &3] 5+ o
A% DB-1701 capillary column (60 m x 0.25 mm,
0.25 um)e] 2E Gas-chromatrography (HP
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2.6. Nitrobenzene Ats}
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Table 1. Monomeric sugar composition of solid
residues obtained from supercritical
water treatment of poplar wood

Monomeric sugars

Tempera (g /g solid residue)

Samples

ture
Glucose Xylose Total

325°C 3161 718 3879

w/o HCl  380°C 3979 227 4206
atlyst — 4orc 3022 775 3009
£25C 1375 454 1420

325°C 2712 201 2913

Solid residues PUC 227 698 2996
with HCI 380°C 2421 482 2469
catalyst  4opc 1997 351 2082
25C B3 132 446
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Table 3. Elementary analysis and higher heating values (HHV) of solid residues

Elemental analysis (%) Higher heating
Samples Temperature
C H N 0 value
325°C 4347 586 010 5058 140
350°C 4407 594 019 4980 145
Solid residues ;
w/o HCl catalyst 380°C 4284 5.76 010 5129 136
400°C 4534 566 007 4892 147
425°C 4272 400 010 317 106
325°C 4617 605 006 4772 157
i resid 350°C 4675 595 007 4723 159
Solid residues o
with HCl catalyst 380°C 5139 584 005 4272 181
400°C 5460 553 006 3981 193
425°C 6053 499 007 3441 215

Table 4. Comparison of thermal degradation products of solid residues by analytical pyrolysis

Degradation  Poplar Residues without catalysts Residues with HCI catalysts
products MWL 325°C 350°C 380°C 400°C 425°C  325°C 350°C 380°C 400°C 425°C
Lignin phenol type 188 243 25 22 39 68 34 37 65 94 108
degraded  guaiacol type 286 671 68 65 109 215 83 8 13 177 217
compounds ool type 473 183 177 146 266 502 197 185 284 368 443
furans 0.7 142 164 201 175 78 145 152 119 104 94
pyrans 04 18 123 157 133 39 B3 16 87 56 21
nonaromatic
Sugar aldehydes 17 288 282 264 165 49 273 286 199 116 23
degraded : i
compounds LUOMALC oy 83 95 88 73 25 79 93 70 sl 4l
nonaromartic
alcohol 01 28 27 28 21 0.7 28 29 26 19 04
acids 22 67 40 31 20 18 29 18 16 16 49
total 100 100 100 100 100 100 100 100 100 100 100
o] Z7tstatt. AF ZvilE H7bshA &2 1P FAL 3 AAAE BEHAES F 900] Fol 0|21, o]E2
= OR el WA fmof whA 3 wstel o AA i Aol A Fei g furans, pyrans, alde-
o 2 W slol| Fl3k WalFAS A A hydes, ketones, alcohols, FFHF¢t g 2dolA
b 2 E H7bek Aol A U Bl g fralsks H-, G-, S-type #l= SE=2 RET
o

(Faix et al., 1990a; 1990b). AdfrAell A Fefet o
¥4 35822 2-furaldehyde, 5-hydroxymethyl-
2-furaldehyde, hydroxy-acetaldehyde, hydroxypro-
panone, acetic acid®} levoglucosane 5°] 1o, =+
2 A=3ed=E (382 phenol, cresol, guaiacol,
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Fig. 1. H: G : S composition of solid residues.

syringol, CeC1B <l 4-methyl syringol®} CsCod <l
4-vinyl guaiacol 5°] &= At}

Table 4l &= @AM Al 15} 2AAG 3P FHAL
of diEalol ofal FHE EelakEe] Al 24
< Hlastgleh, 2 AR 2R R
A2 Hgo] gE7] el Fellite Tl ©
Fahe el Zellabest 2l ad f ek
&l Apol7k A vt S AL AL

Al MWL E84tEol| = G} S 53 9] CoC:E #-3l
AHE-Ql coniferyl/sinapyl alcohol %=+ aldehyde”t
= BajitEe] o 8% Ak AEHJA, 2YAS
TP FAL BAEE A= 2] BAE A ek,
Ik o= gl1de] H (p-coumaryl), G (coniferyl),
(syringyl) H]&2 &3] ZgolA A EE H=
shetEe] 725 e Al 7 R ERE F
£ For 34 5 AUk Fig. 19 A &
U 2QQAIF Ao dial] ZdolA A
i
S

of

E

gad 73 H-, G-, S8 #=3stEe 38 4
A1 Bl &2 ARSI FAMA gloade] A9
H:G:SHE1:15: 242 =AHHAY.
AL Eade H: G S &AL 2UAF whs-2
o #AGel ALl AUt AR MWL

BUoogh ffr & |4 O f 2

0]Q3F -+ D. Meier - F+¢

[ HQ catalyst |

Oped(H) Dgead (@ Bsyingd(S)

3.4. Nitrobenzene Atsto| ost 2|4H
ol M=

Nitrobenzene AF3HH (NBO)2 2] 1/ & a1 - %}
& TAsHE d@AE Atel9] H]%% (uncondensed)
w2l Agto] nitrobenzene/NaOHol 2]3] &= o]
H, G¢F S8 #lzido]l 7zt p-hydroxybenzalde-
hyde/benzoic acid, vanillin/vanillic acid (V)$} sy-
ringaldehyde/syringic acid (S)¢} 22 = &d3d]
=/dErto 2 WglE = dkSo|th(Fig. 2, Ilyama et
al., 1990). webA glad IEAE o]F= v 8
-0-4 232> NBO Wl <Jal] Ba¥ne sedds=/
Hzihs A 0w EAFo =M Bl AiAkE of

S 404 A% WES A ew 24 4 A
Fig. 32 S0 A7t ghe 2UAT Wsat
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CHO COOH

Q &= From Hydroxylphenyl-unit
HO OH OH
RO Q’ _ CHO COOH
0o nitrobenzene

rom i -uni
%, NaOH g . - & From Guaiacyl-unit

OH OH

R Ry

CHO COOH

CH; OCH; CH;O OCH; _ From Syrfngy!'un.“t
OH OH

Fig. 2. Nitrobenzene oxidation of lignin and main products.

00, 300

M Guaiacyl unit B Syringyl unit M Guaiacyl unit B Syringyl unit

[ No catalyst

2000

00 [ HCI catalyst

mg/g sample
mg'g sample

100} 100

0t 0 3
MWL asec isoC JR0°C 400°C 425°C MWl 32s5°C isoc igoeC 400°C 425°C

Fig. 3. Quantitative analysis of vanillin (derived from Guaiacyl unit) and syringaldehyde (derived
from Syringyl units) obtained from nitrobenzene oxidation reaction of solid residues.

ZjE 715k vkgo ] SR = 1y 53 1A vhe-2 % 325°Col A V unit®t S unit
J/\}Q‘r MWLE NBO Hog EX3le] oL #xd FeL 39 ¢ 3 247 61 mg 3 145 mge = MWL
sl =ot HlEAEe] AFA w4 Aot 2/3 ol WERAL 2AAF Gt s

Analytical pyrolysis 4] Az}l 9J3}H FHAA| 2}V unit, S unit F& A& At A4S 1A
AHE 29AIF 1Z APl = FARL Abol = QU] o}, o2 3k o] e 2UAS WY 5ot g
a4zl H 3o 71213 phenol©] @%ﬂ AT o] B-0-4 Aglo] a1, a1gte] 27loA A4 0
NBO RHE-olx= H 3 ¢] #allAbEQ] benzalde- 2 Fgy]o] Yehiz ARE FAe] H}.
hyde/benzoic acid7} A3 AZ% A La}}‘:}. ol#] &t e GAE 2 S 4713 vkgo A 53 1y
A Aol ztol= H 8 2 (pcoumaryl al- FAbE Fde 2% 24 G55 FEul vk 3
cohol) @] 7Z-9- 3/5¥1 SJA]o|A] th2 RuwwEF F3 FFALETE Vo unit$} S unit A4 o] 453 go}
Ao 2 Aty o] 9lojA NBO WHAlo= 4] & 325°Coll A V unit9t S unit & &9 ¢ & 44
b8 Row FAE 4 9}t 15 mg¥} 31 mgo & MWLE] 1/5 =50l = v =] #] &

HAAA U MWL NBO Wl <]3] &) g & V stom, 2AAT HE2EE AE o] 425°C
unite} S unit FHE] FEo] 242 92 mg¥ 173 mg o2 V unite} S unit A4 2> MWL 13l 10%
o|25th, FufjE HrtelA| @2 2UAT A olgtz FtAstth olgd Ade diE Fuiz
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