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Preparation and Analysis of Carbonization Products from

Wood BiomassOAnalysis of Vinegars and Tars from

Tea (Camellia sinensis L.) Leaf

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

Abstract

Tea materials (used tea leaf-A, used tea leaf-B and leaf) were carbonized at 400 °C for

1 h under nitrogen atmosphere. The material balance of carbonization products (charcoal,

vinegar liquid and tar) prepared from each tea material was determined, respectively.

The vinegars from tea materials were all alkaline solutions (pH=8.1~9.1). The

constituents of vinegar and tar were determined by gas chromatograph-mass spectrometer

(GC-MS). The vinegars from tea materials (used tea leaf-A and tea leaf) contained 57 compounds

such as alcohols, carboxylic acids, furans, phenols, and nitrogen-contained compounds. The tars

from tea materials (used tea leaf-A and tea leaf) contained 83 compounds such as alcohols,

ketones, furans, phenols, alkanes, aromatic hydrocarbons, and nitrogen-contained compounds.
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GC conditions: Capillary column: DB-WAX (0.25 mm LD.
x 25 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. Ion source

temperature: 200 ©C. Scan time conditions: 1.5-4.0 min

Alcohols
CH3(CH,),OH n=0 : Methanol
n=1: Ethanol CH,OH Benzyl alcohol
Ketones
CH3COCH; Acetone O OH
CH,COCH,OH Acetol M 4-Hydroxy-4-methyl-2-pentanone
. . COOH
Carboxylic acids
CHj(CH,),COOH  n=0: Acetic acids Benzoic acid
n=1 : Propinic acid
n=2 : Butyric acid (CH3),CHCOOH Isobutyric acid
n=3: Valeric acid (CH3),CHCH,COOH Isovaleric acid

CH3CH=CHCOOH : Crotonic acid

Furans

R\@/R

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

R=H , R>=COCH, : 2-Acetylfuran

R'=CH, , R*=CHO : 5-Methyl-2-furaldehyde

R=H, RZ:CHZOH : Furfuryl alcohol

R1:CH20H ,R?=CHO : 5-Hydroxymethyl-2-furaldehyde

Tetrahydrofurfuryl alcohol

Q/CHZOH

Phenols , Alkyl phenols
R=H : Phenol OH

OH
R=0-OH : Pyrocatechol /g
X R=m-OH : Resorcinol RL 1 R2
| . |
Ry _ R=p-OH : Hydroquinone v
R=0-CHj : o-Cresol
R=m-CHs : m-Cresol P .
R=p-CHj : p-Cresol R™, R°=2,6-di-CHj3 : 2,6-Xylenol
R=4-CH,CH, : 4-Ethylphenol R', R*=2,5-di-CHs : 2,5-Xylenol
R=4-OCHj : 4-Methoxyphenol R, R?=3,5-di-CH, : 3,5-Xylenol
Guaiacols Syringols
OH . OH
R=H : Guaiacol
OCHg R=CH, : 4-Methylguaiacol HsCO OCHg
R=CH,CHj : 4-Ethylguaiacol
R=CH,CH,CHj3 : 4-Propylguaiacol
R R=CH,CH=CH, : Eugenol Syringol
R=CH=CHCHj : (E)-Isoeugenol
R=CHO : Vanillin
R=COCH; : 4-Acetylguaiacol
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

CHj CHj

1-Methylnaphthalene 0-Xylene

(12.00-250.00 m/z), 6.0-40.0 min (41.00-350.00 m/z).
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Nitrogen-contained compounds

Nitriles Pyridines
CH3(CH)nCN N R
n=0 : Acetonitrile ‘ _

. 2
n=1 : Propanenitrile R

R R%=H: Pyridine

R'=CH,, R?=H : 2-Methylpyridine

R=H, R2=OCH3 : 3-Methoxypyridine
R1:NH2, R?=H: 2-Aminopyridine

R1=CH3, R?=OH : 3-Hydroxy-2-methylpyridine
R=H, R%=0OH : 3-Hydroxyprydine
Pyrroles

N._R!

R=H : Pyrrole
R=COCHj3 : 2-Acetylpyrrole

CN
©/ Benzonitrile

Pyrazines

R?, R?=H : Pyrazine

R1=CH3, R%=H : 2-Methylpyrazine
RY, RZ:CHa : 2,3-Dimethylpyrazine
Amides

o CH3(CH,),,CONH,
n=0 : Acetamide
n=1: Propanamide

n=4 : Hexanamide

R‘Nk R=CHjs : N,N-Dimethylacetamide
| R=H : N-Methylacetamide

Other Nitrogen-contained compounds

H
§Ha H H o
(N N_ _o N
W, 7
N /
N-Methylimidazole 2-Pyrrolidone 2-Piperidone
R
|
o) N__O R=CHj : 1-Methylpyrrolidine-2,5-dione
v R=H : Pyrrolidine-2,5-dione
o] O CcH,
H HsC( N
N N ‘ >
Y,
/ HaC CH, o)\N N
|
HC H CHy o
Indole 2,2,6,6-Tetramethyl-4-piperidone Caffeine

Other compounds
(0] (ONge]

R', R?=H : 2-Cyclopentenone g

1
R R1:CH3, R%=H : 2-Methyl-2-cyclopentenone
, R!=H, R?=CHy, : 3-Methyl-2-cyclopentenone 1-Butyrolactone
R R'=0H , R?%=CHj : 2-Hydroxy-3-methyl-2-cyclopentenone

Q o)
R=H : Cyclopentanone CHy
R=CHj : 3-Methylcyclopentene-1-one

(0]}

R Dihydro-2-methyl-3(2H)-furanone
o) CH, 0 CHj3
Q?: OH OCHs
0.0 oH é \’(O
g o OH OH OCHs
2(SH)-Furanone Maltol 1,6-Anhydro-B-D-glucose 2,3-Dimethoxytoluene

Fig.1. Standard compounds for determination of constituents of vinegars and tars from Tea materials and Sugi wood.
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Table1 Material balance of carbonization products

from tea leaf and Sugi wood

Yield / %

Tea material /00 g1

Charcoal  Vinegar Tar Total

Used tea leaf-A (24.75) 44 20 18 82
Used tea leaf-B (24.83) 43 17 16 76
Tea leaf (31.13) 44 21 15 80
Sugi wood (12.70) 39 35 9 83

a) Water content of the used teal leaf-A: 1.5%, used tea
leaf-B: 1.8%, tea leaf: 1.5%, Sugi wood: 1.6%.
Table 2 Content of hollocellulose and Klason lignin

from tea leaf and Sugi wood

Sample Hollocellulose / wt.%  Klason lignin / wt.%
Tea leaf 35.8 6.7
Sugi wood 76.9 28.5
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Table 3  Determination of constituents of vinegars from tea materials and Sugi wood
Group Compound Amount / mg kg’
Used tea leaf-A Used tea leaf-B Tea leaf Sugi wood
Alcohols Methanol 5435 9365 6258 1582
Ethanol 5 74 23 2
Benzyl alcohol 20 15 34 0
Total 5460 9454 6315 1584
Ketones Acetone 255 765 520 65
Acetol 488 131 658 9589
Total 743 896 1178 9654
Carboxylic acids Acetic acid 10461 1447 10280 6535
Propanoic acid 0 0 0 806
Isobutyric acid 1 0 2 12
Butyric acid 0 0 0 150
Isovaleric acid 0 0 0 7
Valeric acid 46 0 40 9
Crotonic acid 0 0 0 124
Benzoic acid 0 0 0 128
Total 10508 1447 10322 7771
Furans Furfural 6 79 0 851
2-Acetylfuran 81 158 72 74
Tetrahydrofurfuryl alcohol 0 0 0 194
5-Methylfurfural 3 23 6 122
Furfuryl alcohol 666 598 696 498
5-Hydroxymethylfurfural 0 0 0 71
Total 756 858 774 1810
Phenols Phenol 396 7 861 197
Pyrocatechol 1208 0 1875 1750
Hydroquinone 514 0 1104 818
_______________________ Resoreinol e 0
I 219 T 38412765
Alkyl phenols 0-Cresol 8 7 14 33
m-Cresol 7 0 13 34
p-Cresol 36 86 12 29
2,6- Xylenol 0 0 0 6
AEtylphenol W O M 3
e Total 62 S 93 9 ] 105
Guaiacols Guaiacol 72 59 121 884
4-Methylguaiacol 4 4 3 361
4-Ethylguaiacol 0 7 2 186
4-Propylguaiacol 0 0 0 40
Eugenol 0 0 0 90
(E)-Isoeugenol 0 0 0 92
Vanillin 1 0 0 92
AAcetylguaiacol . O lf 2l O 182 _
_______________________ Total .78 126 1927
Syringols Syringol 59 0 77 0
Nitrogen-contained compounds
Nitriles Acetonitrile 957 2587 1805 0
Propanenitrile 0 0 0 0
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_Benzomitle ] O R 0
_______________________ Total 957 2587 1805 0
Pyridines Pyridine 168 453 189 6
2-Methylpyridine 95 192 88 0
3-Methoxypyridine 24 17 13 0
2-Aminopyridine 35 173 32 0
3-Hydroxy-2-methylpyridine 173 596 140 0
SMHydroxypyridine 958 ] 2041 . 29 57
_______________________ Tol 43 M 963
Pyrazines Pyrazine 101 372 87 0
2-Methylpyrazine 197 658 204 0
_23-Dimethylpyrazine | 20 . 9 2 0.
_______________________ Tol 34109318 0
Pyrroles Pyrrole 242 331 355 0
ZAcetylpymrole M no 49 9.
_______________________ Tol 286 402 44 9
Amides N,N-Dimethylacetamide 506 607 560 0
Acetamide 965 2740 763 0
Propionamide 80 378 69 0
Hexanamide 26 27 37 0
N-Methylacetamide 0 128 6 0.
_______________________ Tol . d6%2 3880 1465 0
Other Nitrogen-contained compounds
N-Methylimidazole 17 91 2 0
1-Methylpyrrolidine-2,5-dione 33 68 36 0
2-Pyrrolidone 675 3791 561 10
2-Piperidone 83 436 68
Indole 60 21 70
Pyrrolidine-2,5-dione 48 352 209 42
Caffeine nm 02606 0.
Total 2095 4759 3552 52
Other compounds Cyclopentanone 141 331 172 221
3-Methylcyclopentanone 0 0 0 4
Dihydro-2-methyl-3(2H)-furanone 22 0 29 0
2-Cyclopentenone 19 249 35 710
2-Methyl-2-cyclopentenone 53 189 49 109
3-Methyl-2-cyclopentenone 56 225 52 78
y-Butyrolactone 163 104 195 183
2(5H)-Furanone 0 0 0 438
Maltol 0 0 0 194
2-Hydroxy-3-methyl-2-cyclopentenone 69 291 48 852
1,6-Anhydro-B-D-glucose 0 0 0 883
Total 523 1389 580 3672
Total 27064 30434 31797 29412
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Table 4  Determination of constituents of tars from tea materials and Sugi wood

Group Compound Amount / mg kg’
Used tea leaf-A Used tea leaf-B Tea leaf Sugi wood
Alcohols Benzyl alcohol 97 0 90 0
Ketones Acetol 0 0 0 11688
4-Hydroxy-4-methyl-2-pentanone 1867 5281 1221 8918
Total 1867 5281 1221 20606
Carboxylic acids Acetic acid 0 0 0 4688
Propanoic acid 0 0 0 1518
Isobutyric acid 0 0 0 39
Butyric acid 0 0 0 311
Isovaleric acid 0 0 0 42
Valeric acid 0 0 86 65
Crotonic acid 0 0 26 209
Tiglic acid 0 0 19 0
Benzoic acid 0 0 0 660
Total 0 0 131 7532
Furans 2-Furaldehyde 0 0 3867
2-Acetylfuran 0 0 502
Tetrahydrofurfuryl alcohol 0 0 676
5-Methyl-2-furaldehyde 0 0 765
Furfuryl alcohol 669 979 654 5933
5-Hydroxymethyl-2-furaldehyde 14 0 0 219
Total 683 979 654 11962
Phenols Phenol 4648 7962 12481 2868
Pyrocatechol 8231 0 17043 13700
Hydroquinone 4991 698 17684 1386
Resoreinol 20 O 380 0
el 18140 8660 47588 ] 17954
Alkyl phenols 0-Cresol 499 1412 1219 1207
m-Cresol 363 435 970 1818
p-Cresol 383 484 994 1727
2,6- Xylenol 56 223 135 159
2,5-Xylenol 0 0 0 861
4-Ethylphenol 61 2723 159 165
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4Methoyphenol T o0 0 29
_______________________ Total 13695277 377 5966
Guaiacols Guaiacol 383 744 452 8238
4-Methylguaiacol 64 201 85 6675
4-Ethylguaiacol 152 338 226 5587
4-Propylguaiacol 59 96 94 2800
Eugenol 0 0 0 3081
(E)-Isoeugenol 49 374 136 9353
Vanillin 8 0 0 611
AAcetylguaiacol A 0 67 __.....2010
_______________________ Total 769 17531060 38355
Syringols Syringol 305 0 658 0
Alkanes Decane 917 2301 1763 0
Undecane 488 1718 989 0
Dodecane 613 2373 1160 11
Tridecane 834 2453 1672 0
Tetradecane 897 2674 1846 0
Pentadecane 1182 4129 2326 0
Hexadecane 899 2984 1601 0
Heptadecane 316 1204 529 0
Octadecane 391 1813 610 0
Nonadecane 694 2189 1005 39
Icosane 944 3528 1530 17
Henicosane 1266 5049 2035 0
Docosane 1333 4643 2187 0
Tricosane 2078 7902 3302 0
Tetracosane 2044 8444 3213 0
Total 14896 53404 25768 67
Aromatic hydrocarbons
Toluene 6874 36168 10217
Ethylbenzene 545 114 1168
m-Xylene 96 253 214
0-Xylene 114 353 229 58
Propylbenzene 164 407 304 0
Styrene 332 1438 585 8
1-Methylnaphthalene 41 108 71 42
Total 8166 38841 12788 108
Nitrogen-contained compounds
Nitriles Propanenitrile 139 729 232 0
Benomittle 95 90 M 0o
_______________________ Total 2 919 59 0
Pyridines Pyridine 268 820 433 0
2-Methylpyridine 472 1636 842 0
3-Methoxypyridine 50 28 55 0
2-Aminopyridine 0 926 603 0
3-Hydroxy-2-methylpyridine 905 3384 874 86
3MHydroxypyridine 2000 4020 2388 . CON
_______________________ Tol 376510814 5195 95
Pyrazines Pyrazine 0 118 27
2-Methylpyrazine 152 597 53

2,3-Dimethylpyrazine 0 0 68 0



e Tewd 2 75 ] 48 0.
Pyrroles Pyrrole 739 3529 1284 0
ZAcetylpymole ] EL 32 - 130 .
ol 83738l 1379 ] 130
Amides N,N-Dimethylacetamide 206 322 446 0
Acetamide 803 2907 1541 0
Propionamide 141 537 259 16
Hexanamide 42 547 79 28
_N-Methylacetamide O ________________ (. S
ol w2 43 2555 .
Other Nitrogen-contained compounds
2,2,6,6-Tetramethyl-4-piperidone 2584 117 4135 0
N-Methylimidazole 41 298 141 39
1-Methylpyrrolidine-2,5-dione 149 277 327 0
2-Pyrrolidone 3034 10720 5228 0
2-Piperidone 510 0 1067 153
Indole 1593 4706 2727 0
Pyrrolidine-2,5-dione 396 437 480 153
Caffeine 15 S O 3059 0
Total 17465 16555 49164 345
Other compounds Cyclopentanone 313 1507 525 1014
3-Methylcyclopentanone 19 102 20 41
2-Cyclopentenone 179 0 100 2976
2-Methyl-2-cyclopentenone 282 1362 596 933
3-Methyl-2-cyclopentenone 496 1461 755 686
y-Butyrolactone 279 121 640 581
2(5H)-Furanone 126 352 163 1032
2,3-Dimethoxytoluene 0 0 0 272
Maltol 0 0 0 333
2-Hydroxy-3-methl-2-cyclopentenone 336 1005 0 3073
1,6-Anhydro-B-D-glucopyranose 0 0 0 2907
Total 2030 5910 2799 13848
Total 71967 157302 161947 117012
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