A

o : Y [ 4 1 Y a l;
msfinhduaiuldonmamnanldlduignilaaliis

a v o d (v
m‘sw‘mmmﬂ-dmﬂuuum'auﬂumiﬂi’e)aﬁahﬂmwmmmuuﬂu

PURIFICATION OF WOOD VINEGAR FROM WOOD CARBONIZATION
USING AERATION-ACTIVATED CARBON COMBINED WITH

NANOFILTRATION MEMBRANE

Haua yYuana

NILUBON NUMSAKUL

a a A g 1 o =2 (v a a v a
IngniinusiiuaunisveamsanymundngasiSyainemansumiudia
a d‘:’ v
MU uadiaunaden
VeuhinInenag
aoumalulagnszaemndudigaunmsaiansya
.4, 2551

KMITL-2008-SC-M-016-116



PURIFICATION OF WOOD VINEGAR FROM WOOD CARBONIZATION
USING AERATION-ACTIVATED CARBON COMBINED WITH

NANOFILTRATION MEMBRANE

NILUBON NUMSAKUL

A THESIS SUBMITTED IN PARTIAL FULFILLMENT
OF THE REQUIREMENT FOR THE DEGREE OF
MASTER OF SCIENCE IN ENVIRONMENTAL CHEMISTRY
SCHOOL OF GRADUATE STUDIES
KING MONGKUT’S INSTITUTE OF TECHNOLOGY LADKRABANG
2008

KMITL-2008-SC-M-016-116



COPYRIGHT 2008
SCHOOL OF GRADUATE STUDIES

KING MONGKUT’S INSTITUTE OF TECHNOLOGY LADKRABANG



U a A o
UUNAING QY

aodumalulagnszoemndudigammsaanszil

(v a a J
lususesinenidinus
v Y a a d o o g cuuls/ ! Yqg Y a = Yan a
IUDINTUNUT MINIIAUAIY umﬂﬂmmmu”bflﬁmqmT@ﬂ“lmﬁmmmmmﬁ—
1 [ a1 [
AUANNUATIWAVMTATOIAWILNILTULUUUN T1
Purification of Wood Vinegar from Wood Carbonization Using
Aeration-Activated Carbon Combined with Nanofiltration Membrane
FounAny uNaMiqua Yuana
sHailszdid 48068102
YSayan TN AT LY IR
a A A 9
A1V NNTILIANDY
dal (R a a < =
210138NUSn ¥ INNUnus A9. 9359 IO
a1 a a G awv o
210138NUSN Y INNTUNUSTIN  HeLA5. %A D NIANTINY
a a d A A
AMULNITUMTABVINIUNUS 218319%0
o v a
HELAT.9aTA 2195 ¥8aN5 F——=s 2
» PN
A3.GITTN VIIU N U 791!1/)*4 1.
av Jd A |
WALAT.B0D IGNTINY W
i { f
a o v W Jd @ ) ,"5 MA ,//
AT HoTeigiiy ;ﬂ% 22
AT.4ET1INA qUATENLIT M/
o (

=

Y A =)
'au/mawﬂ naoy 28 WYY 2551

aouildey o 9IMIYINTMINUANYEL I Hod 603

13971 09.00-12.00 .

77 S O\
oAb g ey \\\\
uNaINgIa Ueue

- i!.\
b |\
3 1




a J IS Y o 9 ' Y9 9 a % Yag
NENUNUE msinhduaduldnamewna i TduSqns lael¥33

o))

L

=

2]

a ' v o d [
ﬂ'limiJEﬂﬂ']ﬂ-OTUﬂlliJﬂﬂi')ilﬂ‘lJﬂ'liﬂ'iENﬁl’JULiJllL‘U'iu

puuw Tu
WnAnY waiqua Yuana
sHalszdna 48068102
USyan MNAATUNTUHA
a ad Y

M1 ATAWIAAY
WA 2551

2al a a 3 J)
9101383 e Ineniinus A5.q2338 950U

Jal a a G awv o
mmsﬂﬂﬂ?nmmamwuﬁnn WA.AT. 600 NIANTINY

UNAAEID
ao yd

v v g
nuveiAnE I I Msinhdua i 1 ldvnmswaw 1l Tdasl¥uSans Tnemadu
1 v o [y 9 @ 9 £ a
oIMA-aUANIUAT AT ow Tudamsdu TaelFwumsu Yszian NF-90 Fufu

Y v
5Z‘U‘ULL‘U‘U‘lﬁaﬁQQTﬂﬁUNULMHLUSLI msmamuuaaami‘lu 3 Aoy ﬁ?) ADUN 1 ﬁﬂ‘lﬂ'ﬁ%ﬂ'ﬁ

o 3‘ Y [ Jq ¥ a = Gbuy ' an a ac a ] @ 4 v o
mmﬁnmu"lu“lﬂmqm "lmm 1) IIMIANDINIA 2) IFTAITIAUDINIATINAUDIUANNUA
J

a. a 1 T e P o o ~ a
uag 3) 'J%ﬂ']imil@']ﬂ'lﬁ-ﬂ“lﬂlllluﬂ5'.11]ﬂUﬂWiﬂSﬂ\iﬁl’JUu'lIuﬂﬁﬁ’]i‘ﬁu ABUN 2 UATIEH

Jd a = : Y [ g4 | "o [ :;l 3 4
@Qﬂ‘l]53ﬂ'ﬂ‘U711\‘1ﬂ'lUﬂ']Wllaz'E‘JQﬂ‘lh&'ﬂﬂﬂlﬂiﬂuu’lﬁuﬂ?uqnﬁaﬁﬂ']ﬂW']usUuﬂﬂ‘Hﬂ'lﬁ‘V]'lalﬂ

a =

v E4 b4 £
usqns  meudl 3 Anwinnwausalumsdudimsnsydy lnveusen lavtidunuls

9

4 J \ a a ] = '
naannkuIuasuM M Idusqns namsnaassnud EmsAuemeediufon oo

v
e, Aad a

ey v a [ @ ' v @ o o w 3’ v a
fdahduauld luvaznItmudueimasuduausuiuamuisasisaiiuauld
] = v ad a 1 LY Ll [ Y @ P
FUIAYINVITAITANBINIA-DIUANLUATINATNITNTBIAWU TuRamsFu  Tavaniizh
o w °y v a a { o a aa 1 =) <
muzaylumsmimhdiuauie Bueniemoasimsva 1,000 Tadansaeud Wunal 15
P=1 9 v W 4 d < o ey @ v a a 4 d
w1 waglgomnudua 0.5 Wesidua lastminaelsuias inwanmsinsziosndseney
oyal [ sld'l o Y a a"‘s} aad L L} ¥ O
nemoamvestiduadu ldamunmsildusqniaieish 2 uaz 3 wuhiimmeasiiiu
3.33£0.00 4B 3.22+0.01 AW WIUNIZINIAY 1.0059+£0.0005 1A% 1.0053+0.0002 HAZA
1w o w 4 = :’
M3RANAULAUNINY 2.36220.001 UDE 2.228+0.001 MUAAY 03Adsenovmaniilutidu
Y ya " v A FY J aa =1
atuldanszdlas Ge-Ms msndnfinuldun nsmesdaAn Wuoa 2-cyclopenten-1-one 2-
a &£ an Y a o Sy Y Y 1 & Wﬂ
hydroxy uaznsalwswiludngaiinlndinesdua lushdua i ldarunsdene 13ddunan
a 4 a a a L8 % i
61ABY NN IATIEY Ind landnes 1sundAnlelasa1suen  (Polycyclic Aromatic
v ' <,
Hydrocarbons, PAHs)  wudnhduaiulinriumsildusgns laomsiduerniasudu

1 v W 4 a s a ad ) Jd 3 4
punuluaTIIsoaaUsavswumauuazezBuunsauld 73.78 1Wosisus uaz 69.84



g o o v A a o aa s I yy A 1S Yy o oy
wesidua mudny WeoniuitmsasisAilluna 6 wou danihduaiulfifiduns
a 1 v @ Al @ 9 Y] a a ad
wweIMA-aunNTuAs WiuMsnsesdiou Iuamssudsoandsuinvesezduuniau
) s g o wijar a yyd = o &
18 97.01 wlesidua uazddauurimauldianua  Miamwamsinyanuansalumsduds

k4 ' v v
MR 1AV UFBIINGY Pymium sp. WU MauaNutnduvenirdun Ju'ld vy
4 v v
ANuEInTuMIduinnsya Taveudes Nqu Pywium sp. vamsnaasany Inhdu
[ a3 o a { o a = a, 4 '
atuld 1.0 wWesiudlavdsuas Aldvinasilduignilasitsi 2 uag 3 wuimunse
o & a a & v o s q s g o
dugamssyau Tnveudos1 18nn 55.05:4.46 1)osidud wag 50.7423.46 1o 515U

o w = a a ' oy k% g y.=i| 3 Qy k4 ) L a ' w

auday lasldsedniamgeninhduaiuldndumsane1d 6 ou Faliauniiy

Jd g 4
44.74+3.72 Wlossua

o o @ J v o J a @ oy @
maAgy : o, msdueInd, wluWamssu, PAHs, iduadu 'l

II



Thesis Title Purification of Wood Vinegar from Wood Carbonization using

Aeration-Activated Carbon Combined with Nanofiltration Membrane

.

Student Miss Nilubon Numsakul
Student ID. 48068102

Degree Master of Science
Program Environmental Chemistry
Year 2008

Thesis Advisor Dr. Suwannee Junyapoon

Thesis Co-Advisor Asst. Prof. Dr. Chalor Jarusutthirak

ABSTRACT

This research studied purification of wood vinegar produced from bamboo (Dendrocalamus
aspe) carbonization using aeration-activated carbon combined with membrane filtration. NF-90
membrane was used in the filtration process which was operated in dead-end mode. The
experiment was divided into 3 parts. Part I, a study of appropriate methods for wood vinegar
purification, including 1) aeration 2) aeration plus activated carbon (air-AC) 3) aeration-
activated carbon plus nanofiltration (air-AC plus NF). Part II, an analysis of physical
characteristics and chemical compositions of wood vinegar after purification processes. Part III,
an investigation fungus growth inhibition by wood vinegar after purification processes. The
results showed that only aeration could not remove tar from wood vinegar, while air-AC could
remove tar as same as air-AC plus NF. The optimum conditions in tar removal were adsorption
on activated carbon 0.5 percent w/v and aeration at air flow rate of 1,000 mL/min for 15 minutes.
Analyses of physical characteristics of wood vinegar after purification with air-AC and air-AC
plus NF showed that wood vinegar employed pH of 3.33+0.00 and 3.22+0.01, specific gravity of
1.0059+0.0005 and 1.0053+0.0002 and UV light absorbance of 2.326+0.001 and 2.228+0.001,
respectively. Analyses of chemical compositions using GC-MS indicated that acetic acid phenol
and 2-cyclopenten-1-one,2-hydroxy and propanoic acid were main components in wood vinegar.
These results were similar to that found in wood vinegar purified by standing for 6 months. It was
found that naphthalene and acenaphthylene in wood vinegar purified by air-AC could be reduced
about 73.78 and 69.84 percent, respectively, comparing with those purified by standing for 6
months. Whilst 97.01 percent of acenaphthylene and all of naphthalene were removed from wood

vinegar purified with air-AC plus NF. Rising of wood vinegar concentration could increase

111



growth inhibition of Pytuium sp. In the experiment, 1.0 percent by volume wood vinegar, purified
by air-AC and air-AC plus NF, could inhibit fungus growth at the level of 55.05+4.46 percent and
50.74+3.46 percent, respectively, which were higher efficiency than that purified by standing for

6 months provided the growth inhibition of 44.74+3.72 percent.

Keywords : activated carbon, aeration, nanofiltration, PAHs, wood vinegar
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Relative quantity
mssznev
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1. Acetic acid 40.04
2. Propanoic acid 1.51
3. Butanoic acid 0.33
4. 3,5-Dimethoxy-4-hydroxyphenylacetic acid 0.54

Total (acidic components) 42.42
5. Phenol 4.10
6. 2-Methyl-phenol 1.03
7. 2-Methoxy-phenol (guaiacol) 5.02
8. 2-Ethyl-phenol 0.15
9. 2,5-Dimethyl-phenol 0.45
10. 4-Ethyl-phenol 2.06
11. 4-Methyl-2-methoxy-phenol 1.44
12. 1,2-Benzenediol 0.77
13. 3-Methoxy-1,2-benzenediol 1.08
14. 4-Ethyl-2-methoxy-phenol 0.85
15. 2,6-Dimethoxy-phenol 5.99
16. 4-Propyl-2-methoxy-phenol 0.28

Total (phenolic components) 2822
17. 1-Hydroxy-2-butanone 0.24
18. Cyclopentanone 0.06
19. 2- Cyclopenten-1-one 0.05
20. Furural 1.66
21. 1-Hydroxy-3-methyl-2-butanone 0.10
22. Betyrolactone 0.05
23. 2-Methyl-2-cyclopenten-1-one 0.76
24. 3,4- Dimethyl-2-cyclopenten-1-one 0.03
25. 2,3- Dimethyl-2-cyclopenten-1-one 0.02
26. 5-Methyl-2-furancarboxaldehyde 0.57
27. 1,2,4-Trimethoxybenzene 1.08
28. 5-Methyl-1,2,3-trimethoxybenzene 0.54

Total (neutral components) 5.16




ae
b,

2.1.2 Uselewitvesinduadulsl (usuaiuih, w..1.)

v
duasuldiiasdszaeuaia q wanne sansain s loemi Idedramannaie

1) #lugaamnssy
- ldwanasAunaun?
Y a v a ] 3 g a L% A :
- MwanmsSuAnjy feldlasasameiimis nienaumiey
- ¥ lugaamnssuemssuaiu
- Hlugaamnssudoud
- ldwnanesnui lsarRina
- l9wanaissiven (probiotics)
2) 14 lunsasou
v
d 3 L4 @ o o
- adudu 100 wesiFud 195nuumwaaa unagnihiouuaz Ivadn Snwilsa
v ¥ v v ¥
ihauazgennamis  Taslulszmagijuiimsldhduaduldlums
v v ]
¢ Tsnfia TsaRavisaauniuusunduasisese st lsaRmiladu
[] =
901903199719 (Kimura ef al., 2002) 91INAIANYIVDIOATI LASAME (2549)
e, (3 o M e
wuahduasulfanududu 100 wesidud ansaldiflumsdudanmsinaie
1) a 9
sueRuay 14
v v
o 1 o EY Y [] o
- werwnh 10 wh savhetannuazya ez ldlumsilesiuiie It lildgnyiane
3y d ' & A a” 9 @
&201a9n INMIANYIVDY Yatagai azAME (2002) WU Wisigedviauadu
15 10 i1 vz lddadnanslamelu 3 Ju
°y J v o d [] ' ny =1 9
- wewnin 50 i Hessudatane 9 e azviy uuastle ane Wudu
v v
- warnri1 100 9 51 Tauau 18snen Tsas wag Isaui sausiadleaduuuas 1l
¥ 1) [ d' [ a' o 9 o n' Y :’ o
a1y fanudsvszmedosiunaunazuuasiy ledunauluresit ash uaz
a 4%‘ FEY) a o d’dy 3 o
vShaisuune  1Sunaunsidadites  Mdminvezaauazimuems  Wuije
) v EY @ Y kY :’ a 1 @ @ 9 A
snsvldlseausoutu Tnodonaniiidn 5 Mimasnnnudl 1 hou
3) ¥ lumswuas
oy 1 ] a 4' ] ::7 a ad a ] ]
- wawtd1 20 W WuAsUUAY e oAU duasuNas LAy wu lsAnimn
v
nuafise Tsaninnides Wudu (Kartal er al., 2004)
:’ [ [} a & [] dy a ada Y o A 9 3/
- werd 50 1 WuAsDUAY e uFeyaunssR v menaud) vinldanu
y 9 ' ; A Yo @ [V
Wutuunn snire1a 1dsuduasela
: 1 a VoA =) 3 Ay a 3y A [y A U
- wauri 200w Aeviudluiy sawneRuAuseuduiiznn q 7-15 Ju wiela

¥
uwas Pestunazfdmies uaznszqumssyay Invesily



v v v
_ warush 500 (1 aanunageu etaevee ina lalu ndsnnaanauda 15 u
a Ve o’j v g a o & A : 3
nazanudnasauAuned 20 Tu wemviiwmaluwalll Tae Jun tazeuy
v
2003) 1@vimsanymaveniduaiulinnldliaenmswsy@u lavesiadin
' v v
Fannznda nuanihduaduldnn i lhnani s00 wh ldikanaas
o' = a d? Slﬂ ] [ a a
AN ALY 18.8-20.2 % wazannsa lsduasriosamsnsymulnvos
' g q
NBH5 015 9N1590nVDUNAANY IA (Yoshimura et al., 1995)
v
- wawth 1,000 1 Mduassuly sreaamsldarsial
o o
4) ¥ ludedad
a o o S ' o o
- Haanduuazuvasluvhsudgdad wazdudamsiln Tuvewwasluyadal
3) v J d'{ 1 1 [ 3 s [ 3 a o
- ¥nauemisaad erionistesovns teenulsavieuds dudemsinanie
wazgadulanewinlunszmizemts $aediulyaumnvesly unzyoms

a °y b
YSunanimy iudu

2.1.3 maiuhduaiulildusgns

:’ @ a g a 1 ) ' o v a 4 7

dduaulidy ldnnmnaaniy Faluamsasihunldlss el lavun ieann

a 'i‘_l 1 " Y a J 9 ] q’: v a v P 9 9 1 3 ]
msilasuiiue1u U IANaTUNS DUAUNUAT  UAIZSUADUNTHUMATUDY - LA ANNITSY<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>