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Abstract

Wood vinegar is a liquid that produced by the condensation of the smoke from wood
pyrolysis. This thesis emphasized into the optimal conditions for production including its
characteristics in physical properties and chemical compositions of crude and distilled
rubberwood vinegars. Results of crude wood vinegar productions showed that the yields of wood
vinegar were in the ranges of 21.91-29.01%. The pH and specific gravity were attained at about
2.8-3.7 and 1.009-1.023, respectively. The boiling range of wood vinegar was about 96-108°C.
Also wood vinegar from this work has a reddish brown tone and smoke odor. Moreover, it was
found that heating rates directly effected on product yields while they did not significantly effect
on their pH, specific gravities and boiling range. The optimum condition of pyrolysis was at the
heating rate 1.4 °C/min with yield of 27.45% and pyrolysis time 390 minutes.

Fractionating distillation was applied to provide three fractions of distilled wood
vinegars. Results showed that pH and specific gravity were about 2.5-4.0 and 0.937-1.068,
respectively. Chemical composition analysis was obtained by gas chromatography mass
spectroscopy and gas chromatography. It was found that wood vinegar mainly composed of acetic
acid in both crude and distilled wood vinegars. Moreover, methanol content in rubberwood
vinegar was significantly high compared to commercial wood vinegar. Also phenolic compounds

were founded in the distilled fraction at high temperature.
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3.1.2 msnd
3.1.2.1 92% Iy (Acetone, AR grade, BHD)
3.1.2.2 1nuea (Methanol, HPLC grade, Lab-scan analytical science)
3.1.2.3 N3ADZFAN (Acetic acid, AR grade, Lab-scan analytical science)
3.1.2.4 wlowlz5a (Furfural, AR grade, Merck)
3.1.2.5 lawlouuiian Inu (2-furylmethylketone, AR grade, Fluka)
3.1.2.6 N5A 1WSW 1911 (Propionic acid, AR gade, Fluka)
3.1.2.7 n5ALINTN (Butyric acid, AR grade, s.d. fine-chem limited)
3.1.2.8 Inanzaea (Guaiacol, AR grade, Sigma)
3.1.2.9 Wluea (Phenol, AR grade, Merck)

3.1.2.10 taMUda (Ethanol, AR grade, J.T. Baker)
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aansound lasu InnsW-unaan Insuas (Gas Chromatography - Mass Spectrometry
(GC/MY))
a1z lael4inTeq Gas Chromatography—Mass  Spectrometry (GC/MS)
HEWLETTE PACKARD ju HP 5890 GC-HP 5972 MSD @anglumsduiiumsinsizd

HAAIRIAITIN 3.1

A a s s ] A o =~
A1 19N 3.1 Llf"fﬂ\‘lﬁﬂ133ﬂ153lﬂ51$ﬂ@\1ﬂﬂ53ﬂ@‘UGU'E'J\‘I’ﬁ'Iiﬂ'Jfllﬂi@Q!Lﬂﬁjﬂﬁﬂ'ﬂ‘ﬂﬂi'lw-ullﬁ

anlnInsiung
anmeildauiumsdinae
Inlet temperature 250°C, Splitless mode, 0.10 minute
Initial oven temperature 40°C
Final oven temperature 250°C at 5°C/minute
Column Innowax, length 30 m, 250 pm 1.D, 0.25 pm
film thickness (capillary column)
Carier gas High purity helium
Ionization mode Electron ionization
Acquisition mode Scan, 25-500 amu
Solvent delay time 4.0 minutes
Transfer line temperature 250°C
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3338 maeneilfnumsvenhdua i liaumasniduniulfndudao
n3euRalasu1Inns1il (Gas Chromatography, GC)

insie laely Lﬂtﬁé’fN Gas  Chromatography-Flame Ionization Detector
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n32
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Inlet temperature 250°C

Initial oven temperature 40°C

Detecter temperature 300°C

Final oven temperature 250°C at 6°C/minute

Column Innowax, length 30 m, 250 um 1.D, 0.25 pm
film thickness (capillary column)

Carier gas High purity helium
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mynnserrilsnaas luihduaiulddansownalasunInnsil  doq
o . . 1 A Y = ~ a 3 A
1 Calibration curve YUDIHITUIATIIUANC L‘W?ﬂﬂﬂumilﬂiEJ‘]JL“VIEJ‘]J‘VIHJ?EH‘EW]JENZ‘HSHW”] N
3’ @ o [ 1% A I . .
wulhduaiulyd endredadanmiszaeun 3.13 Wumnieaaa Calibration curve VD4
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Area

30,000
25,000
20,000
15,000
10,000

5,000

y=02674x

R’ =0.9952

0 20,000 40,000 60,000 80,000 100,000 120,000
Concentration (mg/I)

Acetic acid
Acet At exp. RT: 12.904 min
Correlation (R”): 0.9952
Formula: y = mx

m: 0.2674

x: Amount (ug/1)

y: Area

MWisznouM 3.13 Calibration curve NTABLFANNANMTUTUA
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Temperature rate Time % yield of total
. % yield of RW-1 % yield of RW 2
("C/nim) (min) wood vinegar
0.6 690 26.41 2.60 29.01
0.7 630 21.44 3.01 24.45
0.9 615 17.69 422 21.91
1.4 390 25.11 2.35 27.45
2.0 240 12.17 11.04 23.21
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Temperature rate RW-1 RW-2
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RW-1 RW-2

Compounds RW-1 RW-2 DW-1 DW-2 DW-3 DW-1 DW-2 DW-3
Aceitc acid / / / / / / / /
Propionic acid / / / / / / / /
Butyric acid / / / / / / / /
Methanol / / / / / /
2-Cyclopenten-1-one / /
2-Methyl-2-
cyclopenten-1-one / / / /
2,3-Dimethylcyclopent- / / / /
2-en-1-one
2,3-Dimethyl-2- / / / /
cyclopenten-1-one
2-Hydroxy-2- / /
cyclopenten-1-one
2-Hydroxy-3-methyl-2- / /
cyclopenten-1-one
1,4-Dimethoxybenzene / / / /
4-Methoxy-2-methyl-1- / /
(methylthio)benzene
Maltol / /
Furfural / / / / / / / /
Furfuryl alcohol / / / / / / /
2-furyl methylketone / /
Guaiacol / / / / / / / /
Phenol / / / / / / / /

0-Cresol / / / / / /
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RW-1 RW-2
Compounds RW-1 RW-2 DW-1 DW-2 DW-3 DW-1 DW-2 DW-3

Acetic acid 0.022757  0.028448  0.009991  0.014044  0.068734  0.014178  0.022850  0.150485
Propionic acid 0.002424  0.001668  0.002357  0.000951  0.005859  0.001657  0.001858  0.008222
Butyrid acid 0.000901  0.000704  0.002294  0.000547  0.001286  0.001010  0.000842  0.002408
Methanol 0.003427  0.002628  0.071575  0.002450 - 0.059569  0.004421 -
Furfural 0.000536  0.000428  0.000907  0.000750  0.001401  0.001662  0.001992  0.002454
2-furyl

methylketone 0.000300  0.000137  0.002323  0.000258 - 0.001717  0.000348  0.002438
Phenol 0.000424  0.000433  0.000867  0.000044  0.001504  0.000550  0.000245  0.005261
Quaiacol 0.000440  0.000367  0.000465  0.000147  0.000645  0.000433  0.000300  0.001568
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Compounds RW DW-1 DW-2 DW-3
Acetic acid 0.017477  0.008081  0.021735  0.673556
Propionic acid 0.000120 - - -
Butyric acid 0.000070 - - -
Methanol 0.000647  0.052692  0.001653  0.004801
Furfural 0.000415  0.000600  0.001345  0.008822

2-furyl methylketone 0.000031  0.000150  0.000232 -
Phenol 0.000416  0.000181 - 0.026415

Quaiacol 0.000140  0.000185  0.000346  0.001964
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- Aceitc acid
- Propionic acid
- Butyric acid
- Methanol
- 2-Cyclopenten-1-one
- 2-Methyl-2-cyclopenten-1-one
- 2,3-Dimethylcyclopent-2-en-1-one
- 2,3-Dimethyl-2-cyclopenten-1-one
- 2-Hydroxy-2-cyclopenten-1-one

- 2-Hydroxy-3-methyl-2-cyclopenten-1-one
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- 1,4-Dimethoxybenzene

- 4-Methoxy-2-methyl-1-(methylthio)benzene
- Maltol

- Furfural

- Furfuryl alcohol

- 2-furyl methylketone

- Guaiacol

- Phenol

- 0-Cresol

- m-Cresol

- p-Cresol

- 2-Methoxy-4-methylphenol
- 4-Ethyl-2-methoxyphenol

- o-Ethylphenol

- m-Ethylphenol

- 2-Ethylfuran

- 2,6-Dimethylphenol

- 2,5-Dimethylphenol

- 2,6-Xylenol

- 2,5-Xylenol

- 2,6-Dimethoxyphenol

- Phloretin

- 4-Hydroxy-3,5-dimethoxy-benzaldehyde
- Pyridine

- 1-Hydroxy-2-butanone

- Dihydro, 2(3H)-Furanone

- 2-Furanone
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Temperature rate (°C/min) Wood vinegar: Water ot

RW-1 RW-2

1:100 3.41 3.41

1:200 3.56 3.51

0.6 1:300 3.67 3.58
1:400 3.72 3.63

1:500 3.75 3.67

1:100 3.31 3.69

1:200 3.48 3.72

0.7 1:300 3.54 3.75
1:400 3.59 3.77

1:500 3.63 3.79

1:100 3.37 3.25

1:200 3.53 3.36

0.9 1:300 3.60 3.44
1:400 3.68 3.49

1:500 3.72 3.53




~ ' < ' ) o Ya 9 Ao A '
AT NN N.1 ﬂ’lﬂ')’]lllﬂuﬂﬁﬂ-ﬂ’mﬂl@ﬂu1ﬁﬂﬂ3u1mW]Jﬂ’]ﬂlli]fJ’]\iW’]ﬁ”l‘V]'ﬂ@31ﬂ’]3ﬁ]@ﬁ]’]\3ﬂ’]\1“"]

(719)

pH

Temperature rate ('C/min)  Wood vinegar:Water
RW-1 RW-2

1:100 3.43 3.74
1:200 3.57 3.80
1.4 1:300 3.65 3.82
1:400 3.70 3.87
1:500 3.73 3.89
1:100 3.37 3.41
1:200 3.53 3.51
2.0 1:300 3.60 3.55
1:400 3.66 3.60

1:500 3.70 3.63
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Temperature Wood pH(RW-1) pH(RW-2)

rate ‘C/min)  vinegar:Water DW-1 DW-2 DW-3  DW-1  DW-2  DW-3

1:100 3.66 3.57 3.56 3.67 3.64 3.57
1:200 3.78 3.72 3.65 3.80 3.82 3.67
0.6 1:300 3.86 3.81 3.70 3.89 3.91 3.74
1:400 3.92 3.88 3.74 3.97 3.98 3.80
1:500 3.99 3.93 3.78 3.99 4.03 3.84
1:100 3.50 3.57 3.45 - - -
1:200 3.63 3.73 3.55 - - -
0.7 1:300 3.72 3.82 3.63 - - -
1:400 3.79 3.88 3.67 - - -
1:500 3.83 3.94 3.72 - - -
1:100 3.59 3.57 3.50 3.52 3.50 3.48
1:200 3.74 3.72 3.57 3.66 3.67 3.57
0.9 1:300 3.83 3.81 3.64 3.75 3.76 3.63
1:400 3.89 3.88 3.69 3.81 3.83 3.68

1:500 3.95 3.92 3.74 3.87 3.87 3.72
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(719)

Temperature Wood pH(RW-1) pH(RW-2)

rate ‘C/min)  vinegar:Water DW-1 DW-2 DW-3  DW-1 DW-2  DW-3

1:100 3.61 3.55 3.46 3.52 3.57 3.94
1:200 3.77 3.69 3.56 3.69 3.75 4.00
1.4 1:300 3.86 3.79 3.64 3.78 3.85 4.05
1:400 3.93 3.85 3.68 3.85 3.93 4.09
1:500 3.99 3.90 3.72 3.91 3.99 4.11
1:100 3.54 3.61 3.16 3.30 3.52 3.27
1:200 3.70 3.77 3.28 3.70 3.66 3.35
2.0 1:300 3.80 3.87 3.37 3.78 3.75 3.41
1:400 3.87 3.94 3.42 3.86 3.81 3.45

1:500 3.92 4.00 3.47 3.92 3.86 3.49
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Wood vinegar commercial grade 1:100 1:200 1:300 1:400 1:500

RW 343 3.61 3.72 3.80 3.85
DW-1 3.71 3.85 3.93 4.00 4.05
DW-2 3.58 3.75 3.83 3.89 3.94

DW-3 3.54 3.63 3.67 3.69 3.72
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g’ @ g’ 9 (Y ya 1% a g’ 9 Y Iya
Temperature rate Wmimihduatuldaumsy  Ysuesihduatuldaum
("C/min) RW-1 RW-2 RW-1 RW-2
0.6 4728.18 465.86 5013.90 494.43
0.7 3427.32 48291 3612.30 509.23
0.9 2927.05 699.34 3093.45 735.97
1.4 3937.94 367.14 4149.10 384.81

2.0 1939.08 1784.29 2040.41 1868.11
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