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ABSTRACT

This special project studied feasibility on production of wood vinegar from Jatropha
curcas. Shells of Jatropha curcas were pyrolyzed in a 200 liter horizontal incinerator. Condensed
liquid was collected at 4 stages of stack temperature: 58-80, 80-90, 90-120 and 120-295 °C. The
results showed that the liquids collected at 58-80 °C and 80-90 °C were not classified as wood
vinegar because the liquids in these stages contained water mainly, The water caused from an
evaporation of moisture in the shells. Smoke color was white. The liquid had dark brown color
and slightly smoky smell. Whilst the liquids collected at 90-120°C and 120-295 °C were classified
as wood vinegar. Smoke color was yellow. The liquid had light brown color and strong smoky
smell. pHs of wood vinegar collected at 90-120 'C and 120-295 °C were 5.85 and
5.79 ,respectively. It was found that pyrolysis of | kilogram by dry weight of Jatropha
curcas’shell produced charcoal 0.514 kilograms and 1.51 millilitres of wood vinegar. According
to the results of physical and chemical characteristics of Jatropha curcas’ shells, the shells were
composed of moisture 27.08%, ash 62.57%, extraction 8.18%, pentosan 3.33%, holocellulose
13.70%, lignin 5.58% and volatiles 87.26%. The analysis of wood vinegar by SPME-GC-MS
indicated that the main component of wood vinegar was phenol followed by methanol and

acetic acid, respectively.

Key words : wood vinegar, Jatropha curcas, phenol, acetic acid, methanol
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SPME

65 lm Stableflex PDMS/DVB, 25 mins stirring (USA) (Dias

11a¥ Freeman, 1997)

Gas Chromatograph

Agilent Technologies 'a;'u 6890N

Column

DB-FFAP coating Nitroterephthalic acid-modified
polyethylene glycol, 30 m x 0.25 mm i.d. x 0.5 um (film
thickness) column (fused-silica capillary column) (J&W

Scientific , USA)

Temperature Program

Injector temperature : 230 °C

Oven temperature : 50 °C (initial temperature), holding
at 50 °C for 8 mins, to 160 °C at

4 °C/min, holding at 160 °C for 1 min

He carrier gas

Flow rate 1 ml/min (99.999 % purity) (Praxair Co., Ltd.)

Mass  Spectrometer Agilent Technologies EI‘LI 5973N
Detector (MSD)
Mode EI Mode

Mass Range / Scan Speed

30— 500 amu / 3.12 sec.

Transfer Line Temperature | 180 °C
Filament/ Multiplier Delay -
Detector Temperature 160 °C
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i 4 J o ¥ to A g 1
AN 44 uaz4 s waasesrlsznoumunivesihduaiuldvinnldendydr mAulugaa

= = o o & Ayr-'- o o ay ¥
gunny 90-120 1A 120-295 DIAUYAUFHE ATUATAU FINTTNATDIY 'J!ﬂﬁ'l&’ﬁ’f)ﬁﬂﬁﬁzﬂﬂﬂ‘llﬂﬁu']ﬁil

aSuliTaoldmaiia SPME-GC-MS

y = : o 1o 4 d ' o
M3t 4.4 asmlszneumaniivenidusfuldnnnlfenayér idulusisgamgi 90-120 sem

SRt
Peak Retention Name Peak Area % of total
time (min)
1 11.325 Acetic acid 167425 0.681
2 11.832 Ethanone,1-(2-Furanyl)- 207268 0.843
3 12.032 2-Cyclopenten-1-one,3-methyl- 349488 1.422
4 12.706 2-Furanmethanol 2060016 8.380
5 12.804 2(3H)-Furanone,dihydro- 490090 1.994
6 13.332 1-(1-Cyclopentenyl)-1-propanel 282826 1.151
7 13.613 3,5-Dimethyl cyclopentenolone 255864 1.041
8 13.915 2-Cyclopenten-1-one,2-hydroxy 335728 1.366
9 14.169 Phenol,2-methoxy- 7987672 32.495
10 14471 Phenol,2,5-dimethyl 294940 1.200
11 14,848 Benzy! nitrile 422299 1.718
12 14.973 2-Methoxy-4-methylphenol 1163599 4.734
13 15.356 Phenol 10203707 41.510

o = 4 4 a4 : [ ar 5/ | to A d
1NHN1319N 4.4 Nﬁﬂ']ﬁ'Jlﬂﬁ']&’ﬁﬂﬁﬂﬂﬁtﬂ'ﬂﬂﬂ'lﬂmi]"ll@ﬂu']ﬂuﬂﬁu"lﬂ‘!]']ﬂlﬂﬁf)ﬂﬁuﬂ"l niny

Tug9gungi 90-120 esrwaidoa Tavldimaiin SPME-GC-Ms wuniUSuiaiveq Phenol Savns

41.510, Phenol,2-methoxy- 304az 32.495, 2-Furanmethanol 38U 8.380, 2-Methoxy-4-methylphenol

{ouaz 4.734, 2(3H)-Furanone, dihydro- $ounz 1.994 , Benzyl nitrile fovaz 1.718, 2-Cyclopenten-1-

one,3-methyl- fovay 1.465, —Cyclopenten-l-0ne,3-methy1-§"f]ﬂfi$ 1,422, 2-Cyclopenten-1-one,2-hydroxy

fouas 1.366,

Phenol,2,5-dimethyl fouas 1.200, 1-(1-Cyclopentenyl)-1-propanol fouaz 1.151,

Ethanone,l-(2-Furany1)—ﬁyﬂtla$ 0.843 1lay Acetic acid %’atmz 0.681 , 3,5-Dimethyl cyclopentenolone

founz 1.041
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CHIEL
Peak Retention Name Peak % of total
time (min) Area
1 11.298 Acetic acid 1128871 4.876
2 11.881 Propanoic acid,2-methyl- 756126 3.266
3 12.145 2,3 Dimethyl-2-cyclopenten-1-one 334606 1.445
4 12.469 Butanoic acid 269836 1.165
5 12.706 2-Furanmethanol 2299345 9931
6 12.804 2(3H)-Furanone,dihydro- 958969 4,142
7 13.332 2-Furancarboxaldehyde,5- 257869 1.114
8 13.613 3,5-Dimethyleyclopentenolone 296234 1.280
9 13.915 2-Cyclopenten-1-one,2-hydroxy-3-methyl- 385354 1.664
10 14.169 Phenol,2-methoxy- 6174510 26.669
11 14.978 2-Methoxy-4-methylphenol 820572 3.544
12 15.361 Phenol 9330239 40.300

= = 4 s = uy 3 a 9 ] to o d
1NN 4.5 HaMTInT e lizneumaniivesinduaiuldvinaldenayd Avuly

1994l 120-295 serwaidua Taslfimaiia SPME-GC-MS Wu1Su1814949 Phenol $08az 40.300,

Phenol, 2-methoxy- Founs 26.669, 2-Furanmethanol Jovny 9.931, 2(3H)-Furanone,dihydro- {ouns

4,142, Acetic acid fovay 4.876, 2-Methoxy-4-methylphenol ‘?E]Uﬁz 3.544, Propanoic acid, 2-methyl-

§60ﬂ83.266, 2-Cyclopenten-1-one,2-hydroxy—3—methyl-§®Uﬁ: 1.664, 2,3 Dimethyl-2-cyclopenten-1-one

Souny 1.445,3,5-Dimethylcyclopentenolone fouay 1.280 ,Butanoic acid jovny 1.165,

2-Furancarboxaldehyde,5- Sovaz 1.114 uaz Propanoic acid,2-methyl- foua2 0.603
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= ¢ kd
1. MPAATEHRMEUTAM I UMW
& .
1.1 msmdsnannuru (Moisture content)
TnseHmuItiAsg I ASTM D3173
139488 : §oU (Drying Oven) 195999AN T (Desiccators) §20mu 1 (Crucible) wiowrh
=y
A6N13
1. oudaonulundeond Nguvgiilugie 104- 110 °c dszum 30 widl vieen
y L awd & 4y . & 3o
vngaunalfinulunsosgannuiuud nheenuidaimin
2. Fadre01maned szwia 1 sy Tdaaludreonuld udnind ldevlugoud
ganail 104- 110 °C funar 1 $21ua

o = 3 ay =] 4 -
3. hdwnuIdesnainden uaslad udaldesiia131diiuluniesgannudu

[ b
ud N vonuIFIMIIN

grsnlglumssmom

o
USuuanuau (%) = (A-B)/ Ax100

1) 14

110 A = IHUNAI0819NARDINDUDL (NTN)
9
B = WHUNAI0019NARDIHEI0 (ATN)

1.2 mImy3unaud (Ash content)
1A5124 713 TAPPI T222 om-88

21 =} P Ay . Y .\ 3
(ATDIND : 1AM (Furnace) INTBIANINFY (Desiceator) 828N W (Crucible) wiourh

55

=

1. wdenu IiwSaushhgamgil 700 - 750 °C Uszane 30 wiH lumenudnioen

Y

¥ 1
& Y ar

i Tiulunsesganiudy udaFaimindamu Tindoudh

2. Faiatamaneailszing 1 n3u ldasludaemy IWinsnnhviinends 1

3. vbwdunwdoudh wnfigaumail 200 °C unslszina 30 WA udaAes 4 iy
gamgiidiu 700 - 750 °C wilszana 2 - 3 2 Tug TihdemyIeennnmunis

Vly b= A dy Y o o oy w
MsuTuniosgan ey udnihwgaimn

g 14 lumsfam -
YSuaud (%) = [(A-B)/ C]x100
iia A = 1hmsin Crucible #0619 iAo NI (nF)
B = thmin Crucible )i (N31)
c = hmingret (NY)
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2. MIIANZHRME@NITAMaMmAT

ﬁ'.lumﬁmswﬂﬂm.l‘:xmm (Proximate analysis)
2.1 M3 sszme (Volatile Matter)
R HAITUIRITIU ASTM D3175
I [l ¥
195931)8 : 1AM (Furnace) 193999AR W TY (Dessicator) §18Mu I (Crucible) wioueh
35m5 :
hll a/ ] o 3 d' : @
1. Fadetianaasstszin 1 nfu asludronuIMinsvimin
2. hdonuIdwdeudradradunumn Tasiladh wazitliwngungd 950+ 20 °C

o S ¥ o S Wyve v & £
Lﬂul')fﬂ 7 UM UATUIDDAV NIRRT ﬂﬁ'l?clﬁwualu!ﬂ'iﬂﬂﬂﬂﬂ'ﬂﬂ‘ﬁu

1 ¥
o o a 3

o 1 oA A ¥
3, ‘ﬁﬂu'lﬁuﬂﬂﬂﬁﬂ'JUﬂuhlﬂ ila&'ﬂ’)ﬂﬂ’lﬂ“iﬁﬁ@“ﬁ@uph

gasldlumsiiom

o d o 4
1. fusasihvinive]al

Weight Loss (%) = (A-B)/ Ax100
A = MHIAAIDE1INAADY (A1)
B = UHUNAIDE1INAADINA UM (NTN)

2. suunilsuiuasseivo

Volatile Matter (%) = C-D
C = Weight Loss (%)
D = ANVYU (%)

= Qt 1) ;Vd:i
2.2 mamsandeealinlswoainmsunsn
- 4
WNTIZHA TAPPI T264 Om-97
BT :
3 ] =} %] 3 ‘;l .
1. Aansosloanaa1sunin laol9ned Soxhlet extraction
¥
o -] s Q A =
2. afa lihimindszum 10 U Fallaua 40 W AwaisazaluNaUTDION LA
= - =y a aa o o
+UUFY (1:2 TaslSuas) Usuas 200 Tadaas tlunar 6-8 $21uq
3, 1 18 leda v Tesadadoeniuea 95% Whuma 24 $2Tue
1 ¥ v
4. n709970019 19H 14 Buchner funnel tazimsadviazatefumnulddotinguy
4 o as [ o =Y uy
Wwon1vaemuoa mdread ldasluilnnes vuia 1,000 ml wazidy 500 ml voati

nauduld@eadluaiunu 199 ue e ld 1dud wwdanso19H 11 Buchner funnel

' v
ar &

¥ ¥
nazdedroihndundumon daes 1dna 13 ue s



42

9w ' ) Y Aa a ' = ‘év .
5, wﬁmm:mumama'lw'lﬂumﬂmxﬂuﬂ‘m wimsumnnudu (moisture content)

[ 3
Tuliuazihdedianmion 185 115 lumsSnsevrissndszneuaia mand

2.3 maymtBnamsumsniiazasludihazawdunidomuea-wudy
31n51£H AN TAPPI T204 Om-88
B
1. Fa 180619 shwtintszan 3 n3u udldas 11y Extraction thimble
2. ANATAZDUHANVDIDNIUDAN VLU (BAT1EIU 1:2 TaolTuing) $1um
200 ml ldasluvIindunavvuiag 250 ml
3. dsznevyadria soxhlet apparatus AILAUGUNYTLAZ YALADAVEIAIN ALY
wazlanaiaseui 4-5 $2Tua
4. thansazaoiiidnnmsasalUszme 1mdenSinanlszinm 20-25 Taaans
Tnuin%os Rotary evaporator udunldfinnod Ansnimiinudariushlszme
11 oven c?agaqmwgﬁ"ﬁ‘ﬁ 10045 °C wunsziauds udnhoenurhlfiduadly
Dessicator idadaimiinvesmnsimdes wsuihmiinvesinnes
5. M blank Tasmsthdaiazaoeniuea-wudu 200 iadans Tszmoliuds
Taeinmsnanosman mllounun1snaaeate 2-4

° s d o = o e
6. ﬂWH’Jﬂl“r‘HL‘LI'ElﬁL“]ﬂ!ﬂﬁ'lSLmﬁﬂﬂﬁ&’ﬁ"lﬂﬂﬁ'lﬂ"lﬁ%ﬁ”l(ﬁﬂﬂgﬁﬁ

ABUNTA = [(W_-W,) /W ] x 100

1
= G

A ) : o £ s
¥N)3) We A9 WIMUALHIVDINTITNGNANA (n3Y)
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1. lddede ldfudshdsemnansunsamin Uszanm 0.5 0§y a9lu boiling flask
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YU 500 VaddnT uaziAy 20 NSUUDY NaCl, 100 aaanT ¥94 3.85 N HCI uay
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1u flask 1An 2.50 iiadans ¥es 3.85 N HC aqlylu Separatory funnel ﬁﬁlﬂﬁlg
WiTio flask
¥ 3 o 3 u:f Y] as s an 1 S o ] q'
2. anudouuazh ldnsandud ludnsdszina 2.5 Taddas dourd udIud
nau 1d 11 Volumertric flask 41119 250 fiadians 19190414 ice bath
3. Tuseneamsnau Sny1szdulSuasive 137 fask ¥o9 100 aaans ¥o9nsa
Iﬂﬂm'iﬂ'ﬂﬂc] MUNsA HCl ﬁﬁzﬁ@ﬂﬂ 211 separatory funnel ‘Vi“;mﬁu 25 Jaaans
- a'z 1 d’l I=1 1 d' =
nAq 10 Wil adu eeldiSooq Wunar 90=5 wid lurisnailSnasves
voaiaInnaw 18515 ums 57w 225+10 iadaas
4. fgungivesveunarnnau lalviligungil 20 °C ududu 3.85 N Hel aa'lyu
volumetric flask UDITLAY 250 Hadans uazwanlaowen flask 1d2139T0a
5 Uanans veavoanalINnau 1 ladas’ly Volumetric flask Y419 50 Tadans 1A
orcinol reagent 25 UAAAAS 1U61L1AL 13 flask A1 water bath RAIUgUguMg 13
7125+1 °C
5. MAIDINIAT 60+5 W1 1AY e IUPALSANS audeszaudan 50 adans won
uaztinau Ty 131u water bath figungil 25+1 °C Tni wazndsnrniaan 60+5 urf
1911119 5aA1 absorbance ¥09A158¥18AIIATO9 Spectrophotometer AN
ABY 630 nm
T ° s oA ow @ v . s S A ' 4
6. DIUIIUIUUADNTUVDY xylose Tu@19819910 calibration graph Mm3ou 1

AsandTmsuwu Tauauludeda ldvingas
Pentosan, % = A/ 10W

] I
o A = W min xylose Tudiothe (Hadniu)

¥
W = 1Minuiavesd10e19 (NS1)

2.5 mitTanalalaaglaa (Holocellulose)
a g (a 2 . B ¥ aa .
anszvysinalalaaglaalagds acid chlorite #2835403 Browing 14 Method of
Wood Chemistry
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WIARUNALYUIA 250 Hanaans
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2.1931IN8Y 160 Hadfng Loz AsADYBAN 0.5 Uadaasuay lxsdsunaslysd
o/ o 3 ° ¥ ar
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) 3 { = o o

3. hwaadunawlUdsly water bath Nlgainaiyszana 70-80 °C Hunan 1 $3Tug
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nfu aslumsazmendedousguduvirvin
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3. Talimneidionszenuiint udniwannndraiudaundsia13lugsnaugu
QNI 2041 °C a2 FaTus wieuaumisazawediemitaue ng
15 119
0 dadans asluvaadunauvuia 1000 Jaddns udunasazaiw
= 4 n’.o’ = gy o o
Tuiinnesaslluviadunan wlenvuduinduasludniudeszdy 575

o oae ey 3 9 b
Hadans nva Y wvIadunay



45

° c:/ 3 3 1 a 4
5. 11Ms Reflux @15azateuiu 4 2 1us amndumasazatenanualaluiinnes
a aa 3/ n’/’ =t fay 3/ =)
YUIA 1,000 Uaaaas udrnadinnesnald 1 Ay
' i i ¢ A o o ¥ 9 y oy
6. NTOIHTU Sinter glass crucible 1UT 3 NMNIIUHIHUNLDD D NAZNDUAWUITOU
o a = b @ ° ° <
udni ldeulumeufigumgii 105 °c Wuna 6 %2 Tus udnheenuilfidu
¥ ' 1]
311 Dessicator 1AW INTUTIFIIMINTIWVB glass crucible wazAniiy

7. AWM % ANHUINGAT
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A :’ @ a a o
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LwamsInsztiguaniameniivesnldenaym
1.1) mynnznlaeszui (Proximate analysis)

! = L4 e = to
M3190 1.1 Ham AR zRgaruianuniiveadonayd

AaEUiAMNIHNEM N a¥afi1 aaii 2 Inde S.D.
nilveslaenaye
LA ) 27.05 27.10 27.08 0.035
2. dIUNIN (%) 8.92 7.4 8.18 1.047
3. U L (%) 0.327 0.943 0.635 0.436
4. lalawaglaa (%) 13.16 14.24 13.70 0.764
5. antiy (%) 4.42 6.73 5.58 1.633
6. 181 (%) 62.20 62.05 62.57 0.106
7. MITNG (%) 87.39 87.12 87.26 0.191

1.2) msfnasnamulanay
AN1TQANAULAIVD xylose (y) 1911171 0.001 1aE 0.003
' ¥ Yo o o & ' g o
unua1y Tuaumisdunse y =0.0006x 93 1aanimin xylose Tuildenaydr adan |
¥ [] ¥
AY 0.327 mg 1AL ATIN 2 11U 0.943 mg n1aiutih Tuldmaw AnlSutanmwu Tauan
Taoldauns Pentosan (%) = AZ10W fauaaaluniamuan n og Tdmu Tauay iy 0.327%

ez 0.943% MU P Aanaad luauns v.1

0.014

0.012 1

y = 0.0006x

0.01
R? = 0.9905

0.008 -

0.006

Absorbance
L

0.004 -

0.002 -

0 T T T
0 5 10 15 20 25

Xylose (mg)

U1 AT FURUTI 9S00 Xylose SUAINI AN ALME



	1  Title Page
	2  Abstracts
	3  Contents
	4  Lists of Illustrative
	5.1  Chapter 1
	5.2  Chapter 2
	5.3  Chapter 3
	5.4  Chapter 4
	5.5  Chapter 5
	6  Bibliography
	7  Appendix



