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Preparation and Analysis of Carbonization Products from Wood
BiomassOAnalysis of Vinegars and Tars from Sugi (Cryptomeria

japonica D. Don) Bark and Leaf

Takanao MATSUI, Yoh-ichi MATSUSHITA, Kazuhiro SUGAMOTO, Mamoru KAKUISHI

Abstract

Each part of Sugi (Cryptomeria japonica D. Don), wood, inner bark, outer bark and
leaf was carbonized at 400 °C for 1h under nitrogen atmosphere. The material balance of
carbonization products (charcoal, vinegar and tar) prepared from part of Sugi was determined,
respectively.

The vinegars from part of Sugi were all acidic solutions (pH=2.2~3.3). The constituents
of vinegar and tar were determined by gas chromatograph-mass spectrometer (GC-MS). The
vinegar from bark contained 46 compounds such as methanol, acetol, acetic acid, propanoic acid,
2-furaldehyde and pyrocatechol. The vinegar from leaf contained 44 compounds such as
methanol, acetol, acetic acid, propanoic acid, pyrocatechol and hydroquinone. The tar from bark
contained 63 compounds such as 4-hydroxy-4-methyl-2-pentanone, acetic acid, benzoic acid,
pyrocatechol, m-cresol, 2,5-xylenol, guaiacol, (E)-isoeugenol and
1,6-anhydro-g-D-glucopyranose. The tar from leaf contained 63 compounds such as
4-hydroxy-4-methyl-2-pentanone, acetic acid, furfuryl alcohol, pyrocatechol, p-cresol, guaiacol,
tridecane and 2-cyclopentenone.

Key words:.
Carbonization, Charcoal, Vinegar, Tar, Sugi (Cryptomeria japonica D. Don), Wood, Inner bark,
Outer bark, Leaf
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GC conditions: Capillary column: DB-WAX (0.25 mm
1.D.x25 m, JO W Scientific). Column conditions: 40 °C (0-1
min), 40-245 °C (10 °C/min, 1-21.5 min), 245 °C(21.5-40
min). Injecter temperature: 250 °C. Carrier gas: He. Column
flux: 3.00 cm*min. Split ratio: 1/40.

MS conditions: Interface temperature: 250 °C. lon source
temperature: 200 °C. Scan time conditions: 1.5-4.0 min
(12.00-250.00 m/z), 6.0-40.0 min (41.00-350.00 m/z).
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Alcohols
CH3(CH,),OH n=0 : Methanol
n=1: Ethanol CH,OH Benzyl alcohol
Ketones
CH3COCH; : Acetone O OH

CH3COCH,0H : Acetol

Carboxylic acids
CH3(CH,),COOH n=0 : Acetic acids
n=1 : Propinic acid
n=2 : Butyric acid (CH3),CHCOOH Isobutyric acid

Benzoic acid

n=3: Valeric acid (CH3),CHCH,COOH Isovaleric acid

CH;CH=CHCOOH Crotonic acid

Furans

R!=H, R?=CHO : 2-Furaldehyde

R=H, RZ:COCH3 : 2-Acetylfuran

R=CHj , R*=CHO : 5-Methyl-2-furaldehyde
R'=H , R?=CH,OH : Furfuryl alcohol

O,

Rl\@/RZ

R=CH,OH , R?=CHO : 5-Hydroxymethyl-2-furaldehyde

®/CHZOH

Phenols , Alkyl phenols
oH R=H:Phenol OH
R=0-OH : Pyrocatechol

Tetrahydrofurfuryl alcohol

M 4-Hydroxy-4-methyl-2-pentanone
COOH

OZ
R
O —_—
CHs3
R, R?=2,6-di-CHj : 2,6-Xylenol &/ .
i ' 3+ 4,02y o  Dihydro-2-methyl-3(2H)-furanone 2(5H)-Furanone
(0]
L
RZ
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Alkanes
CH3(CH,),CH3

n= 8:Decane n= 9 :Undecane
n=10 : Dodecane n=11: Tridecane
n=12 : Tetradecane = n=13: Heptadecane
n=14 : Hexadecane  n=15: Heptadecane
n=16 : Octadecane n=17 : Nonadecane
n=18 : Icosane n=19 : Henicosane
n=20 : docosane n=21: Tricosane
n=22 : Tetracosane

Aromatic hydrocarbons
R

R=CH,CH,CHj; : Propylbenzene
R=CH=CH, : Styrene

CH3 CH3

1-Methylnaphthalene o-Xylene

Other compounds

o
R=H : Cyclopentanone
R=CHs : 3-Methylcyclopentene-1-one y-Butyrolactone

0.0

R, R%=H: 2-Cyclopentenone
R=CHj, R%=H : 2-Methyl-2-cyclopentenone
R'=H, R?=CHj, : 3-Methyl-2-cyclopentenone

7N R=m-OH : Resorcinol R \,RZ
. |

R __J R=p-OH: Hydroquinone LA

R=0-CH3 : o-Cresol

R=m-CHjs : m-Cresol

R=p-CHj : p-Cresol

R=4-CH,CHj : 4-Ethylphenol R, R?=2,5-di-CHj : 2,5-Xylenol

R=4-OCHj : 4-Methoxyphenol R, R?=3,5-di-CH, : 3,5-Xylenol
Guaiacols

OH R=H : Guaiacol

R=CHj3 : 4-Methylguaiacol
R=CH,CHj : 4-Ethylguaiacol
R=CH,CH,CHj3 : 4-Propylguaiacol
R=CH,CH=CH, : Eugenol

R R=CH=CHCHj; : (E)-Isoeugenol
R=CHO : Vanillin

R=COCHy; : 4-Acetylguaiacol

OCH,

R'=OH , R?=CHj : 2-Hydroxy-3-methyl-2-cyclopentenone

O CHs; o) CHj
OH OCH
[ ] " .
OH
o} OH OH OCH,
Maltol 1,6-Anhydro-B-D-Glucose 2,3-Dimethoxytoluene

Fig.1.Standard compounds for determination of constituents of vinegar and tars from part of Sugi.
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Table 1

from part of Sugi®

Material balance of carbonization products

Yield / %
Part of Sugi /00 gO
Charcoal Vinegar Tar  Total
Wood (12.70) 39 35 9 83
Inner bark (8.27) 50 31 6 87
Outer bark (9.17) 52 24 5 81
Leaf (16.29) 34 27 15 76

a) Water content of the wood: 1.6%, inner bark: 1.8%,
outer bark: 1.7%, leaf: 1.8%.

Table 2

lignin in each part of Sugi

Components of hollocellulose and Klason

Part of Sugi Hollocellulose / wt.% Klason lignin / wt.%
Wood 76.9 28.5
Inner bark 57.2 16.0
Outer bark 47.4 14.7
Leaf 44.9 14.1
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Table 3  Determination of constituents of vinegars from part of Sugi
Group Compound Amount / ma kg™
Wood Inner bark Outer bark Leaf

Alcohols Methanol 1582 3473 1864 7112
Ethanol 2 2 10 14
Benzyl alcohol 0 0 0 35
Total 1584 3475 1874 7161

Ketones Acetone 65 380 664 605
Acetol 9589 7987 2271 8702
Total 9654 8367 2935 9307

Carboxylic acids Acetic acid 6535 9806 8117 13747
Propanoic acid 806 1134 1655 1221
Isobutyric acid 12 19 63 31
Butyric acid 150 192 143 169
Isovaleric acid 7 40 54 45
Valeric acid 9 19 27 24
Crotonic acid 124 146 151 100
Benzoic acid 128 123 0 129
Total 7771 11479 10210 15466
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Furans 2-Furaldehvde 851 1780 6432 837
2-Acetylfuran 74 133 127 120
Tetrahydrofurfuryl alcohol 194 454 134 294
5-Methyl-2-furaldehyde 122 280 886 205
Furfuryl alcohol 498 1912 65 1252
5-Hydroxymethyl-2-furaldehyde 71 100 229 33
Total 1810 4659 7873 2741
Phenols Phenol 197 544 632 804
Pyrocatechol 1750 9827 9628 13025
Hydroquinone 818 574 251 1681
______________________ Resorcinol . 9 AT 8
______________________ Total o ...____2065 10949 __________ 10518 ____ 15518
Alkyl phenols o-Cresol 33 15 26 26
m-Cresol 34 21 34 29
p-Cresol 29 21 34 30
2,6- Xylenol 6 0 8
_A4-Ethylphenol 3 2. 6 8
______________________ Total ... s 59108 __93.
Guaiacols Guaiacol 884 692 527 385
4-Methylguaiacol 361 136 231 63
4-Ethylguaiacol 186 102 87 42
4-Propylguaiacol 40 15 13
Eugenol 90 45 24
(E)-1soeugenol 92 120 62 34
Vanillin 92 58 91 22
4-Acetylguaiacol 182 122 284 67
Total 1927 1290 1319 613
Other compounds Cvclopentanone 221 174 11 247
3-Methylcyclopentanone 4 2 0 4
Dihydro-2-methyl-3(2H)-furanone 0 34 21 32
2-Cyclopentenone 710 965 704 908
2-Methyl-2-cyclopentenone 109 128 94 151
3-Methyl-2-cyclopentenone 78 126 116 158
y-Butyrolactone 183 316 109 229
2(5H)-Furanone 438 340 254 243
Maltol 194 356 1037 348
2-Hydroxy-3-methl-2-cyclopentenone 852 658 623 697
1,6-Anhydro-$-D-glucose 883 345 558 341
Total 3672 3444 3627 3358
Total 29288 43722 38464 54257
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Table 4  Determination of constituents of tars from part of Sugi

Amount / mg kg

Group Compound
Wood Inner bark Outer bark Leaf
Alcohols Benzyl alcohol 0 0 0 158
Ketones Acetol 11688 456 448 3401
4-Hydroxy-4-methyl-2-pentanone 8918 23706 16192 7216
Total 20606 24162 16640 10617
Carboxylic acids Acetic acid 4688 1649 5672 9040
Propanoic acid 1518 611 1960 1591
Isobutyric acid 39 47 93 78
Butyric acid 311 513 519 556
Isovaleric acid 42 89 240 136
Valeric acid 65 96 341 248
Crotonic acid 209 0 70 0
Benzoic acid 660 2358 1724 692
Total 7532 5363 10619 12341
Furans Furfural 3867 149 5439 596
2-Acetylfuran 502 256 437 216
Tetrahydrofurfuryl alcohol 676 447 38 711
5-Methylfurfural 765 314 3712 480
Furfuryl alcohol 5933 720 851 1592
5-Hydroxymethylfurfural 219 111 145 33
Total 11962 1997 10622 3628
Phenols Phenol 2868 5020 10464 4896
Pyrocatechol 13700 31577 43292 17420
Hydroquinone 1386 3263 1233 1865
_Resorcinol O 01 ] 89 . 20
___________________________ Totl 1794 39961 55078 24201
Alkyl phenols o-Cresol 1207 1594 2390 786
m-Cresol 1818 3014 4066 789
p-Cresol 1727 2953 3938 1359
2,6- Xylenol 159 149 191 101
2,5-Xylenol 861 1373 6024 832
3,5-Xylenol 0 9 26 0
4-Ethylphenol 165 331 257 109
_4-Methoxyphenol 28 09 21 . 91
___________________________ Totl 5966 952 16919 4067
Guaiacols Guaiacol 8238 3829 4839 2293
4-Methylguaiacol 6675 1830 4865 746
4-Ethylguaiacol 5587 2491 3647 959
4-Propylguaiacol 2800 2242 2420 563
Eugenol 3081 2477 2237 575
(E)-Isoeugenol 9353 4871 4561 1292
Vanillin 611 319 336 56
4-Acetylguaiacol 2010 873 1616 179
Total 38355 18932 24521 6663
Alkanes Dodecane 11 0 193 836
Tridecane 0 23 428 1196
Tetradecane 0 137 556 910
Pentadecane 0 0 13 486
Hexadecane 0 371 1507 184
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Heptadecane 176 377 245
Octadecane 184 470 256
Nonadecane 39 113 484 239
Icosane 17 106 299 221
Henicosane 241 19 271
Docosane 34 85 242
Tricosane 36 134 190
Tetracosane 18 0 1112
Total 67 1439 4565 6388
Aromatic hydrocarbons o0-Xylene 58 0 14 457
n-Propylbenzene 0 0 0 195
Styrene 8 0 9 250
1-Methylnaphthalene 42 109 199 107
Total 108 109 222 1009
Other compounds Cyclopentanone 1014 83 158 885
3-Methylcyclopentanone 41 0 11 44
2-Cyclopentenone 2976 788 1384 1729
2-Methyl-2-cyclopentenone 933 509 637 773
3-Methyl-2-cyclopentenone 686 849 872 556
y-Butyrolactone 581 385 158 234
2(5H)-Furanone 1032 258 313 306
2,3-Dimethoxytoluene 272 929 650 117
Maltol 333 828 2070 563
2-Hydroxy-3-methl-2-cyclopentenone 3073 1383 1493 1187
1,6-Anhydro-p-D-glucose 2907 5218 4361 1299
Total 13848 11230 12107 7693
Total 116398 112715 151293 76765
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