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Apichat Jindarat 2012 : Upgrading of Bio-oil from Corn Cob via Transesterification
Reaction over MgO-ZnO in Supercritical Ethanol. Master of Engineering (Chemical
Engineering), Major Field: Chemical Engineering, Department of Chemical
Engineering. Thesis Advisor: Assistant Professor Apinya Duangchan, Ph.D.

83 pages.

This work studies upgrading of bio-oil obtained from pyrolysis of corn cob via
transesterification reaction under supercritical condition of ethanol. The catalyst, MgO-ZnO, was
synthesized by co-precipitation method. The catalytic upgrading of bio-oil under supercritical
condition was performed in an autoclave reactor at 270°C, initial pressure of 1 atm of nitrogen,
final pressure of 8 MPa, and reaction time of 1 h. The results showed that the non-catalytic
upgrading of bio-oil at supercritical conditions provided higher heating value of 28.47 MJ/kg
compared with that of the crude bio-oil of 26.32 KJ/kg, whereas pH values increased from 2.86
to 2.88. For the catalytic upgrading of bio-oil, using MgO-ZnO catalyst, at sub critical condition
the heating value of 28.63 MJ/kg was obtained and increased to 30.26 MJ/kg a supercritical
condition. Moreover, the pH values of the upgraded bio-oil were higher than that of the crude
bio-oil for all cases. The best conditions for upgrading of providing the highest heating value of
32.97 MJ/kg bio-oil, pH value of 4.41, and kinematic viscosity of 11.84 mm’/s were a molar
Mg/Zn ratio of 0.1, ethanol to bio-oil ratio of 2 at supercritical condition of ethanol. The heating

value increased by 25.26% and O/C reduced by 33.33%.

Student’s signature Thesis Advisor’s signature
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4 [ {
19an0d0a (alcoholysis reaction) AaauNITN 2

ROOR' + R"OH ROOR" 4+ R'OH ()

Ester 1 Alcohol 1 Ester 2 Alcohol 2
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Ugnseniilfeseuemnes lunsain liaunsowsouladronmsiilfnsonesnosw

o . . | 9 =< ° Y A s o S o
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Aaue 1 89 8 92A0 UATILIINIZT UMUPALEAZEMIUDA IMUDaNTo 1e1SsuT0931a1
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Ad' Y U Aaaa
1. nszuIUMsIFANIUgA3en

1.1 dusalgnsenlsziannsa

= =

anselfnsonriensniiinsdne 1dun nia H,80, namsAnyImuNe11so
[ aaa JY a Y] o Ao 1 :I v A 1
algnsenlaesazvowdanuyinganin (>99%) idasidiuTasuravesiiuisde
J 1w 1 [ o J a [ !
1OANBFRAININY 1 AD 30 HMTVUPANDEIDA 3 FilA VoyALAAIAIAITINN 2
< [ [l Aaaa a dy 9 o Aaaa = Y @ 9
wirunansalgnsesiaildnarlumsinlfasonuun 391dlmswann14d

AnsalRnseriiad U

MI1IN 2 ANZMINAARIVRIANTNIGNTe)sEIaNnsa

Acidic Alcohol Temperature Reaction
catalyst (°CO) Time (h)
1% H,SO, Methanol 50 50

1% H,SO, Ethanol 78 18

1% H,SO, Butanol 117 3

1301: Sercheli ez al. (1998)
1.2 dusalgnsensiawa

v 1 aaa a dy 9 o aaa 9 1w 1 aan a

ausalgnsonatiaildnarlumsinlgnseesnidus slgnsesiansanin

vy a o 7o 1A 3 Y ) [ aaa a o ~
uaz la3esaznannmaidiniufisuaniosludansalfnsordessiiansn awaasluaisiei 3

s s % 3 '

Ao Twdonlenson lad (NaOH) uaz TmdAsumunonloa (CH,0Na) Fedordluaun uazdl

o Aaaa .. o' o Y a aaa an [
ANURNIZ91293TUMTTIURATE (selectivity) @11 lvnalaTeasnoilingy

222 { S| ! g : o a 3 o
(saponification reaction) #3015 emslasudluayiyu deihldnailymluduaounisi

a [ 9 Y a = d' o 1 Aaana a 9)::1 Y B 1 o 9 3
HaafuN iU g0 Wesnnmsuendnsalfnseesn deuldridedaayjazsilinsuenduy

1$a1uu
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= IS 1 o [ s a aaa '
mslasuiluadmsvwealeasen laaizunn Ugasersznnauduaznia

9 v 9 9 9
Tyiudase luhduisdeaums 3 i ldajuazii sndninzialaseimsuenaais

9 g} . . [ g} o A £ 4 [ aaa Y L
A38U1 (hydrolysis reaction) NUUINUNY G]Nﬂawmjﬂg]ﬂi81ﬂ1§LLEJﬂE‘Ta1EJﬂ’JEJLLE]aﬂ’E]E’I’E]ﬁill

~ '09; a aaa Y T A < 1 & o Iy ¥
aumsi 2 uihansanal §asen ldanindesninvina Tuanaannai ¥eild lansa

v Aa [ o aan [ a I 12 qszl dy <3 1 ~ I
lusiusasznavuilgnsnnuuanazinaludydnass uenvniazmunnaasniv

10 99 Y 9 a9
au‘nﬂwmmmmummmaaﬂmaﬂma

ROOH + NaOH —» ROO Na + HEU 3)
Free fatty acid ~ Base Soap Water
M319N 3 AZLazHANINABIBIRNINPATElszInna
Oil:
Temperature Reaction
Basic catalyst  Alcohol Alcohol % Yield
cO) Time (h)
(mol:mol)
1% NaOH Methanol 1:3-1:6 <65and <78 05-1 > 98
and Ethanol
0.5% CH,ONa  Methanol 1:3-1:6 <65 0.5-1 > 98
1 -3% K,CO, Methanol 1:3 70 1 84 -92.4
1 -3% MTBD  Methanol 1:3 70 1 47
1 -3% TBD Methanol 1:3 70 1 89 -93
131: Sercheli ez al. (1998)
3’ d‘ a 42/ aaa Y g} d' éiy [ v A
wonvIndImnavuInlnsead Wnduwtleuniduiiiunsuay
4 o Y a Aaan 9 g} Y = 091 A a K ;I

llaaﬂﬂaﬂﬁfﬂﬂ1iﬂ‘ﬂ1iﬂlﬂﬂﬂaﬂiﬂ'lﬂ'li!iﬂﬂﬁﬁWﬂﬂﬁ]Eluflﬂ iammmmﬂmuiumumumi
azanswaluteanegodnounauiuuNy aaaasluaunsi 4

CH;0H + NaOH —— CH;0"Na* + H,0 (4)

Methanol

Base

Sodium Methoxide

Water
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azaeA N3 PnTen
[ 1 aan 4
1.3 dasalfnsen)szmmon land

Y

o 3 @ [ Aaaa PR o Aaaa = YA o [l
pulaidudnssgasenianummwizmizaslumsinl§asogadwdiiieg
Qaj a T 1 a 4 P I @ 1 aaa o an
Tumsasduilgmmsinaayaz binatu wu lsinldhdudnsalgisomsudomnesile
v A £~ a v a A JA o 1Y d v 1
Fuioou lmi lanla dellvaresiaawaeiuivesgaunidniinsasaou ladanainun

Y o dl
18 daaaalumsran 4

H LY 1 aan 4
M99 4 NzazHanITNAaoIUeIA NIl oSz e lal

Process operation Methylester Reaction
Lipase Yield time
Batch  Continuous
%owt (hours)
C. antracatica (Novozym435) X f‘ 87 -98 3.2-48
C. rugosa, P. Cepcia,P. { 80 — 100 80 —90
fluorescene
R. Oryzae (F-AP15) X 80 —-90 70.0
R. Oryzae (1F04897) X 70 —90 72.0

131: Fukada et al. (2001)

d' a o o = o os.:} o ] d!

10015199 4 larlaaeartiauinazdanuszuod lasnaws 15aNIa U@ vU g &9
ﬁﬁlﬂ’h extracellular lipase E‘OTTHiwij’d’EN%ﬁﬂﬂﬁﬁﬂzqﬂﬁﬂﬁuﬁzﬁiﬁﬂa1ﬂ ﬁﬁlﬂ’h intracellular
. d! 9 d aan Y 9 o aaa 1
lipase a3 1dou lyalis e §asen udegldnarlumsiilgasonnuniinsasaziwanin

XY v aaa dyq./ I ~ A 1 Aa 1 19 % v aaa

uaausalfaselsanniidaiiuiaule iiosnin binaaiyuaz ludewwendnsaljiseroen
o Y a = 9 1 9 A 1 < @ 1 aaa a dy
mlinaveudennnszuaumsieosniimsldnsaniowd od1lsnawans sgnserwiiai

Y 4 a a A 4 I 4
doamsHuyaniwie 1¥tdszaniamlndifeennsuduiolinis 1dunaiuiu iiesnn
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4 ] Y] 1 Aaaa 1 a Aaaa [ [~ {
condition) yoaeaneged lag lidesldauslgnsen uana lnmsinalgasends ludundle
T [ & o @ PR 1 a Aaaa o 3} o A Y A
pgnFanu Feilagiuteansgeanisnenunansamalgnsenuiihmiuiy1a fe wnuea
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auea (1-octanol) ¥4 lAnadjmauguugiuaz USinaueanssedszsio i a3 veay
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waeames ngaiulunawudu daudsuaiuaznsaluiiudases lilinasonald &
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d‘ = S d' 9 G Yo 1 aaa
ms1ei 5 MsnfFeuiieunszuaumsilduas luldausalgnsen

Catalytic Process Non-Catalytic

Process

Yield High Higher

(After Purification)

Reaction Condition 0.1 MPa, 30 — 65°C >8.09 MPa, >239.4°C

Reaction Process Complicated Simple

Removal MeOH, Catalyst and Saponified Product MeOH

for Purification MeOH

By-product Crude Glycerin Pure Glycerin

301 Saka et al. (2001)

a [

Y d' 1 Yo 1 Aaaan 9 .d' 1
udnnszuaumsh i lganssgnserns ldguuginazanuauiganinszuaunms

~ Y o v aan 1 dy = ~ o aaan Y = 9 B
nldduswlgasennn uanszurumsiiansananiaesilyinnlgasodrafosa daeg

' 3 o a o J a =
FroanduaoumItnansuaitazranassld lnusgniasldun
A A
vadlnaniziteIngy

w04 lnan1eimiloInga (supereritical fluids, SCF) Hunedeens laa Tuaedadwun
Y g (2 A ] dy Aa 9
Td'l@3utuunanseveurad anzsuiau1soosuie'ldvn pressure-temperature phase
A = ] { a { [ <
diagram Y0IETUTINFT 1A 15U MWA NN 2 HAAUTUNATYIUAD UL VOIUUI VOUKA)
9 (] 1 a { [} S o 9
wazuna Iagil sublimation line 8g3zHINVTNUNATOY IUADIULYDWVINVLAT fusion line
[l 1 < o [l 1 [ @
0YTTNINVDIUVINVUDILNAD LAY vapor pressure line (boiling line) BYITELHINUNTAND
{ 1 1 3 1 8 A [ {
YOUNAI JAN0YIZNINNG 3 @D (39071 triple point (TP) HAZIBNNTUDIAANA IO

= I sld! =\ as A o A A A Y] 4
nasuaouziduvounal 1Al 2 35 Tagmamiunuay nToangugl IMoAANAIIUIAL

)

o

1 a 1 [ ] I~ 1A
mldszezneszninluenaanaunaussaegaszrinnuaIuuiuiurewral uanguygl
1 d! [ =) % 4 9 9 [ 1 < [] o
gan119a q wite Twanavewwndaziindsnuvatunudeg Tanuaumila o ldawisodi

U Q
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Tdunanamsauuminiuveunalld guugligegeaiunadiensonuuiwiluveunan
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v Y
14 Fon11 gungiiinga (critical temperature, T)) 1AZANNAUNYATISONI ANWAUINYA
(critical pressure, P) 30NNQUUYNIMIAUQUHHUINGA HAZANNAUINIAVAINAUINGH

(38n71 9AINA (critical point, CP) AININTN 2

PRESSURE

Liauid

TEMPERATURE
g M .

mwi 2 wla'laeziunsuvesves lvannumiioings

S d

NN gNe Lay WA (2536)

NQunYUNINAI QUUHUINGA LAz ANUAUNINAT ANNAUINGN aTIzed U1

A vAa o Myl g [ A = A e A
lantadwunlul@ndunnanieveounar Genaisnedluniziin veslvanzmile

N0 TaamgungiInga HazANNANINGAVDIAIAII UaA1UAIT19N 6

M990 6 duAVOITITTUANNE

Critical Critical Pressure Critical Density
Substance R
Temperature (K) (MPa) (g/cm’)
Carbon dioxide 304.2 7.38 0.468
Acetone 508.1 4.70 0.278
Methanol 512.6 8.09 0.272

Benzene 562.1 4.89 0.302
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Critical Critical Pressure Critical Density
Substance R
Temperature (K) (MPa) (g/cm’)
Toluene 591.7 4.11 0.292
Water 647.3 22.00 0.322
Ethanol 516.0 6.40 0.276

= o ~
NN gNE Lay TUNA (2536)

a va 1 [ @ {
vod lannzmilodngalauiidegserninunanuueural auaasluaiiei 7 anu

U

a

] A A A Y A @ A o Y < )
WH'ILLU‘L!GU’ENGIJ’E]\“Ill’l’iﬁﬂ1’38&141!@')?]'@]@]Nﬂ'lllﬂﬁl,ﬂflﬁﬂﬂ"llf]\uﬂa’) LN@H'I?J'II%HJHG]'WHﬁZﬁWEJ
Y

TuranavesesNaeansIzgnasnsoUals luanavesves Ivanzmiioingamnadunsns o
(interaction) 1Y aANGINWBUNIAY (Ramsazanelda uazvazidedrduved lwan1izmiie

a < v @ %) o
Inganianurtatazmsunsnsznelndifesduuna fldamnsaunsndnldluTaseaihs

9
AR

Mo luvesdagnazane (solute matrix) 14d Areauiamariisaiwes lvanizmileInga

A v

Y o o : 9 o o {3 ' 3
1H1ludrazaeFaiveamiadiiazarenitluvearal Ao Yoas1veamaos Tounaa 152

N1 uaglianuanso lun1siiazaie (solvent power) AN

oy A o Y ~ o q ¥ A A
UWAUNWNNUANANNU 2 LAUNIT SNUNINN 3 MmWﬂmﬂumaﬂwamazmua’mqm

A Y ) A A g A ! A 9 ] 1
ANUNADINTT LAUNNLLIN A L‘Jll@lll‘ﬂi]ﬂ A ﬁ’li@giuaﬂ’]ugﬂlﬂ\nﬂﬁj LWMﬂD1NﬂH1WQQﬂ31

9 ] ] v Y v
ANNAUINgAVBIEs U NgUUNAN Ao tinguvgl Ivgeniguugiingauesasiun

9 v
Y] Y 1 A = Y

AMNAUAIT AUNTENIEMs Mg NzmileInganga C idumsiiass Ao Suduiya B d13

U Q

qgj Il 4] ' oaj @ :;l a aa {
wegluanuzuna Tanudounnasiiuaunsgnimsiuliguuglgeaniguugd3ngah
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TEMPERATURE

c; Y Y 1 A A (94
MNN 3 @UNNIMTVFNIHUBINGA (A C) NUBUKAI (A A) LAz NNUNT (A B)

= o ~
NN gNE LAy TUNA (2536)

d‘ B2 A A = ~ o 4]
AN 7 'ﬁllﬂG]Gllﬁ)ﬂall@\?hlﬂaﬂ'l')glﬂuﬂﬂﬂﬂﬁlﬂiﬂﬂlﬂﬂﬂﬂﬂllﬂallag"ﬂ@ﬁlﬂﬁj

State of Fluid Density (g/cms) Diffusivity (cmz/s) Viscosity (g/cm s)
Gas

P=1latm, T=15-30°C (0.6-2)x10" 0.1-0.4 (1-3)x10"
Liquid

P=1latm, T=15-30°C 0.6-1.6 02-2)x10° 02-3)x 10"
Superecritical

P=P,,T=T, 02-0.5 0.7x10° (1-3)x10"
P=4P ,T=T, 0.4-0.9 02x10° (3-9x10"

131: Lugue et al. (1994)
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azaei ¥ lugaamnssuiluduasisaogunm iatedunadon tazuvasvesiaiazaloll

INAA

m3lfsz Teminnves lnanzingalussozusn a.a. 1930 asajaiufinisthun 1y
dudviazareluauada (supercritical fluid extraction, SFE) Tasmwizlugaamingsy
Wasden 1azgATIMNTINOINIS waziunslumlandeud (mobile phase) THa11AnT 12w

9
(supercritical fluid chromatography, SFC) 53150 141 a.#. 1962
U A A
1 ﬁ?J']JﬂGlli’]\?slli’]\‘]"l"r‘iﬁﬂ1]$!1‘iui’]]ﬂq‘;l
1.1 guianmsoneTou (Transport Properties)

d' A A =1 = o' [ a Q{ ] o Y
ninmsnves Inannzmiiodngatinnuniladwaz dulsz@nsnisuns gai i
A3139n3291882 14081991909 aINTaUNINFY (penetrate) 191111 Taseasraneluvesdd

a

Y2 o q Yo = ) A
gnaza1elad hlnargnazareazaredi Il luveslvanizmileInganszaweanain

= 1

a A A o Aa A Y A Ao 1 Y
vsnamamsanaliusnuduldde AelidnsinisarsTouniad dewalivedlvaning
A A I v o Aa ' < A ] a 1
wilodnge iWuditazanena ed1elsnain anunilavazdulsed@ninmsunsvesvesiva
a [ @ &Y [ [] a [ a

AMziteInga Ianuduiusnuiladenaelszns 5w gungil AUAY LAz ¥TAUIYDY
A A =2 Y A o ) A Y o Ay Y A a
Inannzmiioinga WdedlimstSunne ldmngauie 1danamsndosns ldanga nagd

A 1y Yy A o 3 1 <
a3 hideamsdusenitieesiiga onsuirvesnisoreTounaa wenvinillunalasassain

Y
anurtatazanuansalumsunsvesved mannemtieIngaudl fa¥ususzeznams

v . . v . \ & o o b

UNS (diffusion distance) #ALNITVININITUNT (diffusion barriers) B uilaveninInseaing

Meluvesdignazaiy
1.2 anuawsalunisniiazate (Solvent Power)

<3| wa 1 & A A A A ' o o A
lﬂuﬁi\lﬂﬁlﬂuﬂigﬂ’li’ﬂu\iell@\ﬁlﬂﬂvlwaﬂ'nglﬂu'ﬂﬂﬂf]ﬁ NMUEUDNIAINISAIYN
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A g o Yy A d? J A A A
azawmﬂummmm i]ZVI161W3Jﬂ'I§'a$a'IEJ!W3JGUH Llﬁiuﬂlflx‘lhlﬁﬁﬂ'mgﬂ’iuﬂ']ﬂf]ﬁ NITINY
a 1 Y a A o Y o
gl vzne Ivinana 2 Usemsnvaugeny

1.2.1 INUAT 8L 8UIAIgNaTaNy

122 aaanunuiudu sl Tuanavesveslvanzmiiodnganudagn

azaeRgHINNU NM3AA10UBIAIYNAZAIBTIAAA

v 9
HasanvesNanvaudenu 2 dsznsi Ae anwannsalunsiazaisues
A a L Y oy A v Y A o
vodlnan1zmiledngs Fededaudalulsenmsiaes ansoud la'ld Tagnisiiunuau
e lnanzmilednga Wensammanuuiiuldlndi@esduangiaunouiogil
A Aa 1 2 o A~ 1 A
mMsugungl na1nlasdagiae auwlsnimalasassnennuainisalunisazaly Ao

guugiuazANUIILUY tazANAUIEliNan1don TaodaruANnUILILY
1.3 autiamsiaen (Selectivity Properties)

I wva A A ~ 1Y) a Y A Y

huautidvesveslvanzmiioings Nasndiuguvgi azanuau e 14
= o A [ A v v Y o A A
Hanuansalunmstiazats inzaummziuamsidesmsanaldinsadaduiniga
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[ 1 d‘ [ d' a Ca~
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1. §1/9n 58l (reactor body) 7. Mo WNTA (gas outlet)
2. mes Tuditla (thermocouple) 8. WIATTIANNAU (pressure gauge)
3. Magnetic drive 9. luniu (impeller)
4. 101 nuiou (electric heater) 10. UBINDST (motor)

< A A
5. zinu 11.41A599AUANQUNYI]
6. NoruNaon (gas outlet) (temperature controller)

q' a 4 [
NMNN S ﬂgﬂimllﬂﬂﬂiﬂﬂu (autoclave reactor)
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M13799 8 LANIAIT08AzDIATENDUVRITIN TUF N1 TNADINNITIATIEHAIBIAT B
elemental analyzer WU31H4913 TNAT C 45.52%, H 6.10%, N 0.28%, S 0.18% tiag O 47.92%
g} o S A o g Y o = a o ! o
Tagiimiin Tastdsuadaosaoud19d1 tazlioonFauge 6as1aIuve H/IC Yo9H
9 = [ 4 =1 = )
I Inaiiduiiniy 1.60 esddszneumuniilasmasuesdadinTna ausonaauiugas

E4

2619910 1AA0 CH, 0, 1N, yos TIUAININTOUYDIF I 1 THANIAY 16.84 1UNNZYAAD
a v A dyd' o a g} o A Y 9}09} o A Aa a v ~
alansu Frrathlomuwaminiudinim dnldiiudinmniieondgouge limunzioe

Y I & a v A ' Y 0 A 4 o oA &
Thiugemadlumsvudaiiosninannudeudr anunianievalige nazds liadesiile

Yo ) v o av o o o o Y g S 9 A a =
lasuanuion auiulupenuddninhiudinminldidumsasdumnemsonluTofiva
Tagthuilfnserdummiuea wag Tnsiwu meldanizmiedInga e liinalfnsem

4 an Y
FIUFRENOTWATY (Cao ef al., 2005)

4 a 4 d a
M319N 8 wammmiwmmmﬂﬂizﬂammuaz@ﬂ@ﬁ'wmﬂuﬂ elemental analysis U®J

Faunadadng Ina

Ultimate analysis (wt%) Corn Cob

C 45.52

H 6.099

N 0.283

S 0.182

O (diff.) 47916
H/C molar ratio 1.60

O/C molar ratio 0.79
Empirical formula CH, (0, 6N 005

Heating value (MJ/kg) 16.84




39

9
= 1A CZ

A s wa v Y A o Y, Aw Y o
NNMTAATEHANUAVDIFIV InaNniun 1 luanuIdet nunuauialndmeany

[ { Aav 4 % o
#3917 Inan 191 uamIdeves 2518l (2551) Felddnminisaarsdidrs TGA uaznaana lu
4 4

T5'laFah quinigil 300-550 eeruwaiBoauaz 1ds1waumalavourargegan guugiv

U a E

o)}

3
Y v
M3 s ladea wdu 400 esrwadoa Tuaudded 1didadd Inanouuste 1y s
1 Y
wsodlnTs lagaunuangne 2 4 ldgauwgidlunisInTs lade 400-450 oeruwaiGos
[ ng Y o 3} v A g} a A d o [ A & Aa ~ J
nadenuu 1 nius el aiazsaasdunsd uvaziharundluasounsd

Y
I o w a ) @ o
Whshdudaamaudmsuldlumsdsulsnanin
2. mAve s niEImikanla
2.1 auAn19menIn AR5 ou aza pH
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INNITANHIFAYUEZNIINIEAINUDIU 1T UFIN N N 1da1nn15 I T5 Tadad

9 1T AW I g = @ Y = g} 9 = 9 1
417 Twa wundiansuzidwiio@erdu Ju Hirarady dannudou 2632 nnzyane
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2.2 autananil
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2.2.1 vifilasFuveainiudinmauanmaiia FTIR

a 4 1 o LY 4
mﬂﬂﬁ3!ﬂi1$ﬂﬂ1ﬂy‘7\|dﬂ%uﬁ}3mﬂéﬂﬁ Fourier Transform Infrared

P4
=

1 a o :(31 v A A a = 10 J o I
Spectrophotometer (FT-IR) WuHaadastihiuainmninavulivyilansuiuaisilseneu

7 o a a = . A 9 <3| A~ 7
lalasasueusmanesavi@n (aliphatic compound) NiIaseariruilureiiinrsveu 5-6

o a . @ { @ a 4
Turana uaza@1331Manog 1501AN (aromatic compound) taAIRININD 6 1dnanlunmsdimzs
' A 2 o A o A A ) A A -1 ' '
a139199 Nod 1ihiudIn MAIN WAYDY O-H stretching NFIIAND 3,435 cm ' 0YILHIN
-1 T o Jd v @ %) o s = ~
3,200-3,600 cm ' 14UenMuileanguianlveosansiminueansgoauazuoa Wa C-H

stretching 1,410 cm” uanedangjueainll #NUOY C=C stretching NATNA 1,630 cm” UerAID IHiYLID

]
=

= A A ~ -1 =® ] 4 ] Ao ' -1 v & A
AU WANANUD 2,065 cm uammwy,gma”lﬂu LRSS NANNONAINI 1,000cm Und) wansilseneun

o v ' s = d A 9
G]fﬂ“]f@ulﬂfuﬁﬁﬂigﬂflﬂﬂiglﬂm@’ﬁmﬂﬁLI@ZE]L‘VIE]? @’I\ulﬁﬂ\ﬂuﬁ'li'lﬂ‘ﬂ 9 (Lmuuagam, 2539)
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1 a Y 4

gl v A v 9 ~ A A
WUIWAAN NN UTININUDIFIU1 TNe (1NN 6) UNAVDY O-H
. A A = do o @ o s ~
stretching NYINAIIND 3,400 cm mgﬂuﬂaﬂ%uuaﬂqﬂmmmimmﬂuaaﬂaaaauam\luaa
WA C-H stretching 1,420 cm 148 2,800 cm’' uamﬁwguaamu WAVDY C=0 stretching N
= -1 & =2 = = d 4 an =
AUD 1,725 cm 49 uananmsdsenovd lau uaaﬂ"laﬂ azniansuenyan Wavey C=C

. . _ . ' . L
stretching 117100 1,630 cm HAAIDIHHUOAAY LAZFNANWDNAINI 1,000 cm”’ Faginidlu

{ o ' P P
sznoundudon suasisznovlsznnoamosiazdmes

q' ] Jou o ) g’ o
myn 9 vyilsndniangdueslssamvesansilszneuveniuiv

TR v larid Uszanvesansilsznou

3650-3100 O-H stretching Polymeric O-H, water impurities

3000-2800 C-H stretching Alkanes

2200-1950 C=C stretching Alkynes

1761-1676 C=0 stretching Ketones, aldehydes, carboxylic acids

1670-1550 C=C stretching Alkenes

1400-1300 C-H stretching Alkanes

1020-950 C-O stretching Primary, secondary and tertiary alcohols,
O-H bending Phenol; ester, ethers

fan: uuazeus (2539)

Absorbance Units
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I
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g .

T T T
3500 3000 2500 2000 1500 1000
Wavenumber cm-1

q' a o gJ v o~ o 9
Mnn 6 sunsusaalnasy (FT-IR spectrum) V9913 UFINININFIV12 THa
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AUUIVBVDI Junming Xu ef al. (2010) NTWNUIMNTUFTINNARAAIAUAAD YTznoualy
= = o Aaa = 4 = a [
A lau Wvoa nsamsUengan uoad laa Loadu oz 15NAn toaAy Laznguuesalsliznoy

4 4 =) 4
DaNdoa LBAINDT LIaTDINDT
J 091 o A a 9 a
2. @\‘]ﬂﬂi$ﬂ@ﬂﬁ’liiuu’lﬂuﬂf?ﬂ’lwg’]ﬂﬂjﬂ!ﬂﬂuﬂ GC-MS

o 3’ v A a a Y a (4 =
nasiniuFana ldmsziaremataunalasuiInns il
Y
suaalalasalail (Ge-Ms) M limnuinhdudinmaulseneu lddreasdszneuaieg
1 a ~ I J [ ~ & Y
WINNI 40 FilA (MINMANUINT 1) a3l 7 nguasnaasluaisen 10 Falsznoudae
[ [ o J (v

msszneuranie Wuea 74.4% 5090901707 1au 9.7% 8ad laa 3.0% o5¥5a 2.4% n3n

1.0% 1DAINDT 0.9% HALIU 8.6%

d‘ J [ g} v A a
MmN 10 agdesnsznavuaisnan luihiuginmay

Groups % of Total
Acid 1.002
Ester 0.905

Phenol 74.398

Ketone 9.652

Aldehyde 3.047

Furfural 2.416
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3.1 MIAUATIEVAUATON XRD (X-Ray diffraction)
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BIEGNIREUGREH ﬂimmgwqu (pore volume) NAAAUTUNU Glummzﬁmmﬂgw;u (pore size) %
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M Y v 1
M99 11 MUz UeIA1391[AT91 Mg0-Zn0 Mons1a1uTas Tua Mg/Zn A199 i

Mg/Zn molar ratio BET surface area Pore volume Pore size
(m’/g) (cm'/g) CA)
0.1 6.57 0.12 51
0.2 3.28 0.05 85
0.3 2.78 0.023 92
1 1.25 0.02 110
2 0.78 0.01 118
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d‘ a A g J @ 1 aan
M3 12 5mamgniluesnlszneuvesdnsalgniesl Mgo-zn0

danaulaalua nan g IN N8 XRF danaulaalua
Mg/Znlumsnaaes  YSinaMgmol) Y3384 Zn (mol) Mg/Zn 228 XRF
0.1 0.11 1.11 0.08
0.2 0.18 1.10 0.17
0.3 0.26 1.08 0.23
1 0.72 1.00 0.71
2 1.18 0.93 1.28
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M319A 13 Aanuseu Laval pH

ATL VROV AnNNTou A pH
(MJ/kg)
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noas a1 Tas Tua Mg/Zn A9 17U
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0.1 32.84
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1 31.52
2 30.83
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a ] a aaa 4 an @ [
TunngmileIngavesemuea uenvnvzsreliinalfnsemsdieames Miadundads

[ 0 Y < a2 9
¥18911 1% luanavesdslsznouanasdnaie

d' J oy v A 1 o 1 [ 9 Aaaa
M1 17 aansenovuas luthdurinmney tagraswumsls vl wanmatelnse

J any @ a 4
nideamesintu lunnzmileingauesenuea TaonIne GC-MS

Groups % of Total
Crude bio-oil Upgraded bio-oil
n-Hexadecanoic acid 1.002 -
Palmitic acid, methyl ester 0.905 3
2-Butenoic acid, ethyl ester = 0.159

Butanoic acid, 2-methyl-,ethyl
ester = 0.169

Butanoic acid, 3-methyl-,

ethyl ester 3 0.254
Pentanoic acid, ethyl ester = 0.357
Isomer, Ethyl ester = 0.697
Hexadecanoic acid, ethyl ester - 4.299
Linoleic acid ethyl ethyl ester - 1.113
Ethyl Oleate - 4.200
Octadecanoic acid, ethyl ester : 0.800
Phenol 7.222 5.719
Phenol,2-methyl- 4.254 3.619
Phenol,4-methyl- 7.289 6.137
Phenol,2-methoxy- 5.282 -

Phenol,2,6-dimethyl- 0.764 -

Phenol,2-eythyl- 0.874 1.531
Phenol,2,3-dimethyl- 2.865 -

Phenol,4-ethyl- 19.281 21.983

Phenol,2-methoxy-4-methyl- 3.55 3.593
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Groups

% of Total

Crude bio-oil

Upgraded bio-oil

Phenol,3-ethyl-5-methyl-
Phenol,2-(1-methylethyl)-
Phenol,4-ethyl-2-methoxy-
Phenol,4-ethenyl-2-methoxy-
Phenol,2,6-dimethoxy-
Phenol,2,4-bis(1,1-dimethylethyl)-
Phenol,2,6-dimethoxy-4-(2-propenyl)-
Phenol,3,4-dimethyl-
Phenol,2-ethyl-6-methyl-
Phenol,4-ethyl-3-methyl-
Phenol,4-propyl-
Phenol,2-methoxy-4-propyl-
Phenol,2,4-di-tert-butly-

2-Furyl methyl ketone
7,9-di-tert-buthul-1-oxaspiro(4,5)deca-6,9-
diene-2,8-dione
2-Cyclopenten-1-one,2-methyl-
2-Cyclopenten-1-one,3-methyl-
2-Cyclopenten-1-one,2-hydroxy-3-methyl-
2-Cyclopenten-1-one,2,3-dimethyl-
2-Cyclopenten-1-one,3-ethyl-2-hydroxy-
3-methylidene-anti-tricyclo
cyclopentanone,2-methyl-
cyclopentanone,3-methyl-
2-Cyclopenten-1-one,3,4-dimethyl-

Benzaldehyde,4-methyl-

1.025
1.824
7.366
3.291
2.822
8.676
0.555

0.564

1.457

1.032
1.395
1.522
1.132
0.821
1.729

3.047

9.104

1.794

3.318
1.724
2.617
2.613
1.908
6.822

0.956

0.154
0.139
0.658
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M3199 17 (M)

Groups % of Total
Crude bio-oil Upgraded bio-oil
2-Furanmethanol 0.845 -
Benzofuran,4,7-dimethyl- 0.800 1.477
2-tert-butyl-4-(hydroxtmethyl)-5-formylfuran 0.771 -
Benzofuran,2-methyl- - 0.922
Others 8.580 4.838

d' J [ g} o A ' v 0 o 9y
mM31an 18 agesnilszneumsrdnluihiurinmnen uazvaswinmlsulymanmd e

aaa J any @ a 4
Ugnsemamdeamoslingu lunnzmilodngavewemuea lneinios GC-MS

Groups % of Total
Crude bio-oil Upgraded bio-oil
Acid 1.002 0
Ester 0.905 12.048
Phenol 74.398 77.601
Ketone 9.652 3.114
Aldehyde 3.047 0
Furfural 2.416 2.399
Others 8.580 4.838
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) A A ' o 2 o A Yt vasa

wrulunzmiiodngaemuea a1 nsslsvljegammihiudiniwlviguaniiana
4 a @ 1 @ [ a @ P I~}

Ju TaenmsInlslagadadnIna wui dadruvesnaasaainla Usenoudle voaudq
%) 1 LY S 3 o g’ o o w g} o

YoUKaI LazUNd UAUNIAY 29.69, 50.19 uag 20.12 ulosiFua lagiinviln auaiay 1uu

Frnmaun Idiaauseu 26.32 Mi/kg uaza1 pH 1A 2.86
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Y '

Ugnsendim IndiReenufo 28.47 i1 28.63 MI/kg muaIAY uas pH geliutaziiion/3ouiion
~ A A [ [ Aaaa =\ 1 < Yo A 1 9 d‘ 19 Y o [ Aaaa
nnnzmilednga anselgnsolinannedrauiin ldsaneainnuiewise lulddusalgasen
" o d? I A Y o 1 aaa 1 dgl Id
M 30.26 waz gy 32.97 Mi/kg walsausalgnsemazar pH gauain 3.16 1l
< ' o 1 aaa ' ] @ 1 aan { a
4.41 vzmiu 18 1ms 1dansalgasendnan lulddusal§nser vazinnzmilednga 1vna
= 1 d' Yya A A = 1 [ 1 Aaan dl ~ [
an11MA1z1dInge taznaveIN 1z HBINGANNINNIWATEIA NI MIPAT e MazIBINs DY
UGV Peng et al. (2008) 1Fan1zmiloIngaemueaufoIny ua l¥ansslgnsen
a A aa 1 Y A 42} I a I A 42} 1
pQUIHENTAING AINNTOUINHUUIN 19.695 111 20.790 MI/kg AAITMINNAY 5.55 % L4
o [ ao dy 1 d' A A 9Y o 1 aan Y
dmTunuITsInyNNaA Nz INgAENIUea 19a23 9177381 MgO-ZnO ausnlnan
9 1 v
ANUSoUgININNTUFTININAD 25.26% tazwadIufitideninmsnautazAInNniinves

&%

gJ = A @ SO A < '
Wiy mMndIunszuIUMs Ul Jsnumniiaianasne 910 28.67 11U 24.32 uazaA1AY
A I 2 o w A oy v A = A [ 1
niAaAag91n 12.5 (71 11.8 mm’/s Mua1ay Msnihdusinmianuriaanad tazdadiu
A A o A dad o 3 <
NmasnInMsnauanad o910 luanantiimiin luanage nanalu Tuanavuiadnas

b2 ]

1 4 3 T 1 o av
uaANNTTANIIaanaufisuantoam1iune 5.0% ualiaieuiuaIUIeVed Peng ef al.

% [ 4 1 : @
(2008) HFIAANUNLANIIDAUAAAIDG 39.7% teiiiniuFinImanunaL
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v Y [
M3197 19 AaNuTeu A1 pH AMANunila taza1desay lasiminvesmaimae

MANuden ApH AW
wiiani iy (MJ/kg) wila
navan
(mmz/s)
d A MATYeFd Tna 26.32 2.86 12.46
aeld Tailddnga 28.47 2.88 12.43
udmman INOAVDY Ugn3en
917 Tnaru PNIUOA MgO-ZnO 28.63 3.38 12.27
ATLUIUMNT azwitle  Tulddusa 30.26 3.16 12.06
Yuljeuam  Ingaves Ugnsen
MU MgO-ZnO 32.97 4.41 11.84
M MAY N AL 19.695" 2.91" 13.86"
i s msulysganmiiannzmileingae 20.790" 5.81° 8.36'
muoa uaz 1¥ogiiiondana
fwﬁuuﬁ”ﬂmﬁu 46.54° na na
ﬁywﬁuﬁma 45.77° na na
vy Toda na na >35°
<5

a

W03ya910 Peng et al. (2008), ° Fo@INVTHN ESSOM Co.,LTD, * 10300 1NNTUFININAIITY

(2550), na fio laifidoya
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WiFam anzmile  amzmile amddinga mazldinga
A Ingaem  Ingalem  emMUeanas  lemusalay
woanasly  weanaz laily 1% Mgo- Tailddaga
MgO-ZnO TPt Zno Ugnsen
Un3en
C 64.25 70.08 67.18 65.32 65.16
H 6.63 8.07 7.28 6.83 6.73
N 0.25 0.92 0.37 0.29 0.27
S 0.33 0.35 0.34 0.34 0.34
O (diff) 28.54 20.58 24.83 27.22 27.50
H/C 1.24 1.38 1.30 1.25 1.24
o/C 0.33 0.22 0.27 0.31 0.31
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NMIMIIUNINIBNA NI 3en
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mMan NI alHnien
= [ 1 aan 4 a A
msmsua s agnseeen lyanauatiawaningsazaenduueunio UAsAUDT
a A, 1 [ 4 a

Tavz 2 wila Av Mg0-ZnO Tagdsmsanazneus iy landsua1svoiua (Na,CO,) Tagwiln

A dl Y d‘
vounas larznl¥aen1snai al

= A q Y
MWD 01 vIa luanaveunas lavignlslunisnaaes

¥iiamnae lany waTuana (nFuse lua)
Mg(NO,), *6H,0 256.41
Zn(NO,),*6H,0 297.47

Na,CO, 106.00

[ !

daegha mamuanlSinaelumses sud s {ase Meo-zno insadan TasTua
Mg/zn 1114 0.1 Taeuendlu 2 g Sait
daud 1 Msnsoumsazaenanveanaelumsavoslany 2 ¥iia lavld 002 lua
Mg(NO3)2 *6H20 11 0.08 lua Zn(NO3)2 «6H20 151asvosansaza1osin 100 daaans
TRCTY SRR L 0051

Mg(NO,), *6H,0 0.02 Tya @’fmai?qm 0.02 x 236.15 = 4.723 N1

Zn(NO,), 6H,0 0.08 Tua @04%411 0.08 x 297.47 = 23.80 N5u
é]"ﬂfuﬁi?q Mg(NO,), *6H,0 11N 4.723 NTUNANAD Zn(NO,), *6H,0 #1in 23.80 NTH ué’mﬁu%

o a a aa I @ o
nau311a5 100 Yaaansiluainiazaie

awn 2 msfalSinamsvedinnazneu Na,Co,
= d’d Y 9 J (a a aa
93N AIAZAY Na,CO, NUANMGINTY 1.025 Tua1s 1511a35 150 adans

151105 1000 iadans 3 Na,CO, 111U 1.025 Tud

a a aa = " W 1'025
31193 150 Haaans U Na,CO, 1NN
1000

x 150 =0.15 Tua

9
v o 9

AIUADITI Na,CO, 106 x 0.15 = 15.90 3 wazaelwihnaulsunag 150 Taadas
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]
=~

Fou amnmsii lwls lagafguugil 400 eeruwaiGoa

FovazHa lauonan 50.19
USunmduignnansounsd 18.72
MaMuTou 26.32

Y
MIAUIUAIANNT O UADIMITNVDITINIA

50.19 kg bio-oil ‘ 26.32 MJ ‘ 18.72 kg organic phase oil

100 kg biomass ‘ kg organic phase oil ‘ 100 kg bio-oil
1@awidy 2.47 MJ/kg biomass

. a [V a 4 1
M31eNuIni 2 Sovazwaldvounad USunaigninasounid uazamnnuiou 1nms

a =

o aaa d' A A 9}d‘
nlgasenanzmtieIngaenuealasldngaungil 270 eersaiEen
Y
anuau 8 wnzthama Taslesaaruemusaneiniudinmny 2:1
Y [
Tagrimiin uaz ldds11§a5e1 Mgo-Zn0 Nons1aIuTas Tua Mg/Zn

[ a Y g} @ g} v A
91191 0.1 TwilFunaseaay 5 Tagimiiniiduasinw

Fovazna 1avodnan 91.08

MaNMNToU 32.97

9
MIAUIUAIANNS O UADIMITNVDITINIA

50.19 kg bio-oil ‘ 32.97 MJ ‘ 18.72 kg organic phase oil ‘ 91.08 organic phase oil

100 kg biomass ‘ kg organic phase oil ‘ 100 kg bio-oil ‘ 100 organic phase oil

1@awidy 2.82 MJ/kg biomass
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Yoy NN AT IZEMTHINUNUUY BET ¥09A21391)0361 MgO-ZnO

AREA-VOLUME-PORE SIZE SUMMARY

SURFACE AREA DATA
Multipoint BET .......cociiiiiieiece ettt 3.281E+00 m?*g
Langmuir SUrface AT€a........cccveveieerieeniienienieeieeieesieeseeeieeeeseee e saee e 5.166E+00 m*g
BJH Method Cumulative Adsorption Surface Area.........ccccceevvenueennnnne . 3.704E+00 m%g
BJH Method Cumulative Desorption Surface Area.........ccccovvevveenennen. 5.525E+00 m?*g
DH Method Cumulative Adsorption Surface Area...........ccoceevveriennnns 4.102E+00 m¥g
DH Method Cumulative Desorption Surface Area........cccoccevververvennnen. 6.854E+00 m?*g
t-Method External Surface Area..........ccoocvevvenieniiniiinceecesie e 3.212E+00 m¥g
t-Method Micro Pore Surface Area.........ccocceeveveesiieniienienieieccieecieeneee 6.893E-02 m*g
DR Method Micro POre AT€a......ccceviieiieiieieerieeie et 4.765E+00 m¥g

PORE VOLUME DATA

Total Pore Volume for pores with Diameter

less than 3613.2 A at P/P0 = 0.99467............coveveeeerreereeeeeeeeseesreneeissneanes 1.125E-01
BJH Method Cumulative Adsorption Pore Volume..........ccccoeveevierieenennee. 1.121E-01
BJH Method Cumulative Desorption Pore Volume..........ccccoovervevienuennnen. 1.120E-01
DH Method Cumulative Adsorption Pore Volume...........cccceevvenieniennnennee. 1.085E-01
DH Method Cumulative Desorption Pore Volume...........cccceevivrcivrcieenenns 1.097E-01
t-Method Micro Pore VOIUME........coceevveriirieniniiiineeieiceesieeeeeseeeeee 2.674E-03
DR Method Micro Pore Volume.........c.ccceevierinienieneenenineneeienenienieneens 3.427E-03
HK Method Cumulative Pore VOIUME.......c..coceevenverienenenineenenienienieeeene 3.279E-03
SF Method Cumulative Pore Volume..........ccoceveevieneerienenenenieneneeienienne 3.287E-03

cc/g
cc/g
cc/g
cc/g
cc/g
cc/g
cc/g
cc/g

cc/g
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Average Pore Diameter....................

PORE SIZE DATA

BJH Method Adsorption Pore Diameter (Mode).........covevereriererenrerinnerennane.

BJH Method Desorption Pore Diameter (Mode).........ccocvevereveeriveereveerennanen.

DH Method Adsorption Pore Diameter (Mode)........coovereeverivvereneerenennne.

DH Method Desorption Pore Diameter (Mode)..........ccceveuerreerieeireennenns

DR Method Micro Pore Width .......coooiiiiiiiiiiiiiiiiiee e,

DA Method Pore Diameter (Mode)

6.846E+02 A
2.752E+01 A
2.178E+01 A
2.752E+01 A
2.178E+01 A
5.108E+01 A
1.380E+01 A
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Peak Companent % of Total
1 2-Furanmethanol 0.845
2 P-Xylene 0.698
3 2-Cyclopenten-1-one,2-methyl- 1.032
4 2-Furyl methyl ketone 0.564
5 2-Cyclopenten-1-one,3-methyl- 1.395
6 Phenol 7.222
7 2,4-Hexadiene, 2,5-dimethyl- 0.625
8 2-Cyclopenten-1-one,2,3-dimethyl- 1.132
9 2-Cyclopenten-1-one,2-hydroxy-3-methyl- 1.522
10 Phenol,2-methyl- 4.254
11 Phenol,4-methyl- 7.289
12 Phenol,2-methoxy- 5.282
13 Phenol,2,6-dimethyl- 0.764
14 2-Cyclopenten-1-one,3-ethyl-2-hydroxy- 0.821
15 Phenol,2-eythyl- 0.874
16 Phenol,2,3-dimethyl- 2.865
17 Phenol,4-ethyl- 19.281
18 Phenol,2-methoxy-4-methyl- 3.55
19 Benzaldehyde,4-methyl- 3.047
20 Benzofuran,4,7-dimethyl- 0.800
21 Phenol,3-ethyl-5-methyl- 1.025
22 Phenol,2-(1-methylethyl)- 1.824
23 Phenol,4-ethyl-2-methoxy- 7.366
24 Phenol,4-ethenyl-2-methoxy- 3.291
25 Phenol,2,6-dimethoxy- 2.822
26 Benzene, 1,2,3-trimethoxy- 1.394
27 Cis-Isoeugenol 1.252
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Peak Companent % of Total
28 3-Methylidene-anti-tricyclo 1.729
29 Phenol,2,4-bis(1,1-dimethylethyl)- 8.676
30 2-tert-butyl-4-(hydroxtmethyl)-5-formylfuran 0.771
31 Phenol,2,6-dimethoxy-4-(2-propenyl)- 0.555
32 n-Tetradecane 0.555
33 Palmitic acid, methyl ester 0.905
34 7,9-Di-tert-butyl-1-oxaspiro(4,5)deca-6,9-diene-2,8-dione 1.457
35 n-Hexadecanoic acid 1.002
36 Heptacosane 0.805
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Peak Companent % of Total
1 cyclopentanone,2-methyl- 0.154
2 2-Butenoic acid, ethyl ester 0.159
3 cyclopentanone,3-methyl- 0.139
4 Butanoic acid, 3-methyl-, ethyl ester 0.254
5 Butanoic acid, 3-methyl-, ethyl ester 0.254
6 Benzene, ethyl- 0.230
7 o0-Xylene 0.454
8 Pentanoic acid, ethyl ester 0.357
9 2-Cyclopenten-1-one,3-methyl- 0.806
10 2-Butenoic acid, ethyl ester 0.159
11 Phenol 5.719
12 2-Cyclopenten-1-one,3,4-dimethyl- 0.658
13 2-Cyclopenten-1-one,2,3-dimethyl- 1.207
14 Phenol,2-methyl- 3.619
15 Phenol,4-methyl- 6.137
16 Benzofuran,2-methyl- 0.922
17 Phenol,2-eythyl- 1.531
18 Phenol,3,4-dimethyl- 3.318
19 Phenol,4-ethyl- 21.983
20 Phenol,2-methoxy-4-methyl- 3.593
21 Benzofuran,4,7-dimethyl- 1.477
22 Phenol,2-ethyl-6-methyl- 1.724
23 Phenol,4-ethyl-3-methyl- 2.617
24 Phenol,4-propyl- 2.613
25 Phenol,4-ethyl-2-methoxy- 9.104
26 Thymol 1.616
27 Phenol,2,6-dimethoxy- 1.794
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Peak Companent % of Total
28 Phenol,2-methoxy-4-propyl- 1.908
29 Docosane 0.831
30 7,9-di-tert-buthul-1-oxaspiro(4,5)deca-6,9- 0.956
diene-2,8-dione
31 Hexadecanoic acid, ethyl ester 4.299
32 Linoleic acid ethyl ethyl ester 1.113
33 Ethyl Oleate 4.200
34 Octadecanoic acid, ethyl ester 0.800
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