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Abstract

The energy consumption from energy sources such as coal, petroleum or
natural gas has been widely used for increasing of population. It results disadvantage
as energy shortage due to non renewable energy and causes global warming. Jatropha
oil residue has been derived from jatropha seed and widely used as a direct substitute
for diesel engine, but It is low stability for direct use due to its high acidity and oxygen
content. Upgrading of jatropha oil residue can be achieved by hydro-deoxygenation
(HDO) reaction with catalysts and support materials. Molybdenum disulfide (MoS,) is a
powerful catalyst for using in hydrodeoxygenation and high effectively dispersed on
highly porous support materials. In this research, synthesis of highly porous carbon
support was synthesized from sawdust and sugarcane bagasse with modification
lignocellulosic by hydrothermal carbonization at 200 °C for 24 hours. Molybdenum
disulfide catalyst was synthesized on carbon support with carbonization at 800-900°C,
wet impregnation and calcination at 500°C. Jatropha oil residue upgrading using
molybdenum disulfide on carbon support from sugarcane bagasse can reduce oxygen

content and high hydrocarbon content.
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Wuwdonumadng

2.1.2 mslgnulunipgasmnssy

-

Y @ v ad v, v oy a v A v
Werawsiduingaunaunuliisssunasuqlad Bieransidiufiuunasingaulsl
oA vy v o g a v v v
atedadu uananlmieiud Jadumsndnliveutlowtrgnirgramnssuldvessvina
o 1 1 o=l A = -]
wazn1saan1syninvinanetn TuudasUlaiueaivuneigninia IN¥AINTYNALLNLYN
nnslaudgnunuiisenaiugd Ingluseninaling. 2540-2544 fidnsnslaugnugnunuiag
P a ' v 1 v 13 v -
150,000-230,000 13 FeAmdudGanaldonsionn 5.1-8.7 dmgnuiaiums Llgnwsingn
Tauasazgmirluvindulduysgy wumeitineiuasiiudrumeitineianlisrawsvaly
aululseimanardsenn laglul w.a.2540-2544 lderanisavinselaludsena 7,947-

28,080 A1UUN

2.1.3 n1slguselead

druvesvdenannsalimineald dngninluldlugeamnssundnsnsosuduasaus
& wva v o < fa I3 1 w 1 Yo v Vv
welifiealdvinaiaaresiiines Inuiunisuusguibudnuasuiu Tusuiuanslindeusidu

Tu Tevimenldiusysunazuaatisiy

X 4
2.2 Yaswanlienanisn (Wood sawdust)

Fassdunansuglaainnisidesld Tnemluidanwuzidunslidavideawaziduaes

P=] a ' ° [ I3 &5 o «l
Felulssnuiduiy wanaiusothluldusslovdlanaieusznis esdusenavveslidani
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a  afd 4 ° ' a a a da aa
arsdunidilussdvsznoudnnuinnediuaglaa oiliwaglaa uazdniuninyindfuea
o @ v v 1 o -:l o ] ar v as ' L
annsadulavenminlidenalnineiu Aidesiludulsznoundnueldion duldl egluguuuy

v830YNA (particle) ansnsanaUdalaine

gﬂﬁ 2.2 "E'Tl.é"aﬂ

i ; http://www.siamtimber.co.th/product.php?pid=6

2.2.1 sedusznaumaaiivastiaey
1. waglaa Uszann 45%

2. \silwaglaa Uszanm 20%

3. anliu Useunn 29%

4. W Uszanm 2%

5 31.1‘] Uszann 2%

2.2.2 msunlU1dusslevyd
'3 J dl LY o v o [ - - J = - [ @ w
‘lJi-‘u’IU"UU'UB\']'Ulﬂ'!JEJJJﬂuqll'l'l'ﬂl,‘lju'lﬁQ'U']ll')ﬂ“iawatwai ANIHARNNINTIUNUNURA N9

wlsguliidn TduTanmivdin Wusu

¥

2.3 99¥ (Sugarcane)

v ar A < - <

998 (83n: Sugar-cane; ¥OINIANANS: Saccharum officinarum L) LfJuw'umszqa
Wennule viguassyie 1y 417878 917 91lwe war 4uisiad seediduinialuusiou

v = = o L 1 9 ] « .0' Ad ’l’

wasouvemIlieldiy drudesiiosdusznavresuimaniviunadinaglasassana 17
-t & b v v ' = & %
i 35% lagansanudiuresumalsnneudes (bagasse) dufignAutiniasenaInnse
L] v o - J‘ = @ 1 g A
anlgvinszane wanadin Wulemds waremsdnd dauniniiana (molasses) Aiuunasn

NnmalusEnIeNsean anuisodrluminiduwaisy (rum) lasnge
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v & - a o da v & ' - | ' -
sesilufivyiianilanfimudAgidusdrann Wesnilufisivgniteuaziliovgn

v 2/
a

Y o v g o v Y | v N <
ﬂiQﬂUQLLarlﬂqllhl'iﬂLﬂULﬂU'ﬂW‘Ma"IEJﬂ'N ﬂaﬂLUUW‘UW'UE]UQ']ﬂWﬂiE]ULLaﬁ'l!i.l'U'Ll JUUUSENAN
v o = -~ v o | v v oa -
Ugndes Fadiuszann 70 Ysenadsegluwauiounasgudulusewinuduieil 35 ssrumile

v ada v Voo a a a a v
way 35 el Uszimanidenvgndeelaun us@a At Sude Jusiv

Uil 2.3 do

un: https://Www.modernlessons.com/msﬂqné’aa/

2.3.1 dnwnuziinluvesdey

ouiduliiduan fmiuguads 2 f 5 wes Tdnvuzuannowty dudiaunds
vieillauneniau flvdvunaqy liuanfsfiu Tudes Tudadevealds Tugulunenunusy
wovreauluiivunudnguenu aente ganfivausen Fousnuuus sUUsdn Wy Yenen
gaugUluvenisgulunenunuguveusuiu fvuduniunequ wailunauuunadyiy uwiwaedl

[
YUIALAN

2.3.1.1 570
v [ = va = ' & 8w -
sinvaweuilusiniieglanu dvuinlvgnsyareniaiiu daue1iusyaia 100
a v & ' v ow @ i o g v o H
wuRes lnesinvesdestuavuiieanidu 2 gadisiu Masinvesiouwiug 7 lgandeai
warsmesIunImussaussiAulauarsnindaznunaniwluies seluifesinvemie
- ld‘ - 1 ] d - 1 3 v 5 -
ApsINvUIlngiaiyeananusinvemisiiiulauad s1nvessuuIzinIsAule

NAUNUNUDL1ANNAUD

2.3.1.2 anfu

anurualvguassastuarysznaulumedeudssdiuiunnn Yasanariiazenivie

dufiaztuegiuBinaniilesu Seivsunaniann Udsaiavemuasiidwugslng
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2.3.1.3 jUi1vaeUdes
Udeaiiguseuandefiunategunsannaneigu iugunsanszuen (cylindrical) dn
41291 (tumescent) na1sAan (bobbin-shaped) TAulwg (conoidal) Tauldn (obconoidal)

“IalAd (curved)

2.3.1.4 Tu
- v -l 1 v P | v o - ' -
wilaulutnnvualngtu Tudesazdl 2 daudisiude nulunazusiulu mulude
l 0 W W - ° 1 1 do v
druileuseudduaduirevnluinanduiatvddu wiuluidudiuiidadaluainniuly

= e v alar 4 o w
eiwnunsanaranviniusuludanvarudamnsala

2.3.1.5 aan

o,

v O < d  da o ] = g & ol sl v
aonvasdpsuuIrilunendn nAniulugq uilunilsgivzuonoandunenniiiiu

u

1 4 =i =1 l‘J 4 J dy
wazlufinu LARZADNITUIUATNBYNTDUFIU LBABNUIU 'uummu“mzmqaan‘sau'] Wy

s

=l
FilLane

2.3.1.6 Ha
HavesdeefivuadnavaeiuararinegiudinenegluiulziSunudndesin

Wed s WanW (fuzz w3 fluf) wazwaawantiazilumayluisely

2.3.2 nsasgyaulnvaddey
wiseenladu 4 szur Uszneulume seovsen (germination phase) S¥ezuanne
(tillering phase) szuzE19UaD4 (stalk elongation phase) uarsYELUAWAEAN (maturity and

ripening phase)

2.3.2.1 szyz99n (Germination phase)

srevilisusumiuaugnaunseiausluanudiu Tnsezldiaauszunm 2 fa 3 dUanvi
A J 1 s a 1] [] ar € - i lJ s L3 - - 1
Fenvuegiiviladevarsedradu Wug AruvuivesiuinavvieuiuduaznisujURdevieu
w v I o a " | i [l . ' '
wug 1Jusiu wdadiiinainaivesisuiugiendn wuieusn (primary shoot) n3evnisual

o ] v el ' ] [ o o o v & &4
(mother shoot) Funuviowiugenselsautudmnmusduiunedesluiuit

2.3.2.2 szyzuanna (Tillering phase)
msumnnaasﬁumnsﬂ‘] 1.5 Aoy VAN war PIIUIUDY 2.5-4 (HDU N1TUANND

& - a P 1 vd a [ o < ' '
I.‘lJUﬂ'i::"LJ’Juﬂ’l‘iVi'NE'l‘i'i')'VlU’]‘UENLLUUﬂ’)'SW]‘U’m‘IEJ'lWWUWU IWULLUﬂﬂaﬂqqﬂ‘UamqﬂLUU“‘uaLLu
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v val o | o v a da [V =l = '
Tasnsuannedes liswiutenumunzay szvinilanandnni lasUadunieg Niluass n1s

=l v ' J - - +
uanne dnainviate laun muduluay uae gamail waze

] v .
2.3.2.3 szpzen9Uaad (Stalk elongation phase)
=1 | w v - - '
svoriiduszozaoiliosdunisuanne dasvsiinsiiuAI e ILazIuIAE N Y
. v ' 4 oQVVy & o w a a v g w 2 &
AudnaIveIUaIegeTIngd vihlvdeeianuasyaulnlaegesinime lngazsEunud
= = =5 c‘ ar : = = =l

218UsTaN 3-4 (Wiau fongUseann 7-8 Whou Fmasniunsiniyiuinaziianas uavas

SufinisarauuInaiuuInty

2.3.2.4 szuzunuazgn (maturity and ripening phase)
aaw a a v a o -l ) ' w v -
Wuszozniidnsmsedyiiviatawnndiawoufisuivssoeas iy Wenis
- - v H o aI'L -1 a « i ) P
WigulaEudias umananiluainadulaemsdaassiuasiuazgnliioeas uazilinie
o W 4 o F-3 - v V) H o al
azanluaiduniniu Feszeziifunsiiuiureinsantiuies nsazauInatuansueIn
dulpulumivany satdudrulaudadimiumiruninnindiuvaney nsazautimavziiuiniu

Auddu unsenmnddianumnlndifssiuitendt an

2.3.3 nsunlulguselewd
pganusathunldusznavamsidity Widey nsihluvinduleansy (Wusu 14y

o € o v dw o [ as vevd w a = °
ansdnd Tu veauavdsundiseu annsadillildusmsdnila loluingraufuviounss

-

AU

2.4 MNY1UDBY (Sugarcane Bagasse)

v a w ¢ o Vel e ¢ al -1 v
nnvuessundnsunuds e luiivssleviannisAviiniaanndseannlsenu

H ol < .7 ] = I = &
mma'[umﬂqmmmﬁm Hanwausiluduly mﬂaaﬂumuazmﬁm‘uugq

P v
JUN 2.4 mnyuoey

fi: https://www3.rdi.ku.ac.th/?p=26558
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2.4.1 99AUTLNBUNILALYDININYIUD DY

1. \waglaa Usvanm 45-55%

2. wiliwaglaa Uszana 20-25%
3. antlu Uszana 18-24%

4. 3 Uszana 1-4%

5. 'z‘)'u‘] Uszane <1%

o 2 L4
2.4.2 nanlulduselovd
v ° 1 « 19 [ < & a 4
mnyudesgninlduselenivarsiuu Wuundudemadunirgaamnssuns
v 9 v a -l v ¥
lugduvuisuuazdnde lindaeniusalunirgramnssuiioanduyu uanaindauise

- d al
nantudonsravuazuUssuiduliisala

2.5 ¥2u2a (Biomass)

- F | -1 a da Vs v o | W a0 « 1
7174 (Biomass) tUUWMAWTBIWAINLNITIBAULIUIULAIN ILAANEANATUTIN LTU
° - ' - ' v oav -
nmsunavislliuiannadunaaudigalniielvinnuisunazuaainsasuywdluaten il
o v o - v X & a o - - - & o w
nasulndy Wudu Faawialdunatitodudowmdsdiuasianis Fruratudauity
s =l = :" 1y A J . | [ [ s nl v -
nawuvyuisurlianiiansiissnidiand inaduwvamaununaiunsamlawasiio
all' - 4 } [ [V -
nawnuulusssumavardundoutuiginsluiGeny
' v & a a - - & a o v = '
YaAureINTidramddiafelul@amdmaiuisamlainelasiiegnalulu
Y a o & a o & a -~ A\Lu- ' & o
vioautug uway msulsgu@ematianitundsnulifuuinligs wu Tuluisuunui
& v o vy v oo ' v W - d dduv
Auildinlifuunldifeduurasanudeudmiuusenavemvseluiuiiviaenislainging
o & a o o o X 4 o & a & v )
ausndramdstianauisanlaseug Nuntududeindetusudmiunseuiunig

wan ey

2.5.1 Usennveediuia

Ussiavvestanagnuulaidu 6 Ussinnauunasiilnvesiunauseneudme

d a )
2.5.1.1 %']N')ﬂﬂl.ﬂﬂﬁl'lﬂﬂ']‘ﬂﬂ’]zﬂgﬂ

& Y

o o A - ¢ w '
Fatnunavsuaniiinsugniunuduvdeanldlugaussasdndnvenisugnivu

a4 ' &4 o ¢ o & A qwv & a o P
Ugnieiluamsunauviednd wisUgntuniielfiduremdsdunalaenss Funausvian

1 1y Unduiniu 11nlne savdesnariiudiyuay Wusu
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o d a X w a '
2.5.1.2 Yrurannndunasnisina lwlugivn
Funavdadazinatundsinsia i iiatuesmusssuriidulsesh Tneth

g [] ] A' v o =J -~ LAl
wavssnidnngidumniavislivaraiu vesduliivasvdaaniwlmiva

da X
2.5.1.3 Y22aMAATUIINVDUFININISINEAS
Fanavsuaniszifatuseninamsiiuineawaensudsguiivnan1anisinens 1wy

wNau W11 neaunduuas N

= da X ' '
2.5.1.4 Faranfisdulutuazanamnssudald

- - N ' v oa val o vl v
Fnavsunniaursamilaluddu wiwluld Asldnvnanaulyl dulimanegluudn

- v o a da | = v W
wiawlinsyisvandeniinnngnamnssunisulssuliiinu Aidesuay Ynldhusiu

d

2.5.1.5 ¥281nyadnd
Funavszaniiiudugaiinainnistuaevesdniu yada yaune yaln Jusu

o o | - - &
ﬁﬂm?ujal'ﬁa"Iu;]zl]ﬂ?qll'ﬂuﬂqul']ﬂ

2.5.1.6 i'nmamn'uv::'qwu

[
=Y

- X = ' ot - - o -
'li’JaJ’JaU'SzLﬂ%UﬂE)‘UEJEVIQﬂVN'LULmamu FIANUITOLIENDNYDUNUIIN VYEYUTU

(Municipal Solid Waste)

2.5.2 anluiwaglad (Lignocellulose)

dnluiwaglaaiasAusznauninnedweing 3 vlialaun (waglea eliiwaglaa was

anilu ssdusznouwmarliiulasiainedaienia microfibrils dneglungy macrobibrils i
i v oa L = L L L v s s
neliinlassaiuaiosnmussiiaeadiiy Inouansdnuurvedlassaidnluaglaadgy

725

S e e w—

S Aamyrimme.
‘.'

AR aWw. .\~ A\ ANa - raawmraN

L F B FrF 1 3NN ,-1\’ A Wy W BN A " Sms———
- A A YV e "o A
-~ ! ‘o

7 DN\ LN

Cellulose Lignin Hemi-cellulose

= « Y a
JUN 2.5 asrusznoundanvesinluiwaglaa (2]

v
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2.5.2.1 waglad (Cellulose)

\waglaaiignsnaaiiie (CgHyo0s), Wulpssadamedwesdnwilawnsadosaas
Iaeamusssuniuseneumearsasiulawmsauseinnnwedudneilse (Polysaccharide) %iln
TelumoAudnalss (Homopolysaccharide) ifhimiinlnanags dmiulassadevausaglaa
Usznaumeluianavesnglaa (Glucose) ﬁﬂwuﬂam‘saﬂ%a (Hydroxyl group) {umjnangn
Sewierusewusylnaladn (Glycosidic bond) fidhuwisn-1,4 (B 1-4 glycosidic bond)
'lﬁti‘lumamaﬁﬂsznaué’wimaqawmq‘lﬂaniw 1,000 -10,000 Tut.aqaﬁﬁmﬁﬂﬁmﬁaﬁ‘u
sghausniou Taswaglaaaziimedriiendnealalulea (Cellobiose) wagnnamiiasdl
aosaanglaarirerululuianavenvaglaaszanunsavyuld 180 e iaduustlelnsiau
seniamylensendalulinananglaa vihliwaglaaiininuudause dgumgiimmasuigauas

Tuauseazanelaluansazaredunigniiy

\» OH— O —
_;9% o 0/
\“HO OH-—W

H

f% @:?o
OH \.
Ui 2.6 Tnssasramaeiivoawaglaa [15)

2.5.2.2 \wwilvwaglad (Hemicellulose)
wiliwaglaauaislulamsausvinnmedudnalsaluluanavesiiwaglaalu
aweslsueAnlsa (Heteropolysaccharide) ivsznausisuintavatevie dunialylaa
- " W W o aa e a o | e
(xylose) L¥ounofusrsnuselnaladdn (glycosidic bond) Adunusdnn 1-4 (B 1-4
glycosidic bond) \Hulgndn enafluimraunulua (mannose) nuanina (galactose) n3e
[ P e W IS a o - | - ]
nalaa (glucose) wrenuiulgnanmeuariivimasiinduudenululgarvmvislouvus

loun drenanes10lua (arabinose) nsangglsiin (glucuronic acid) WWudu
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OH OH
on PH - o
0 :
" o ELYNV ot o o /€ =
H HO HO H
™ OH

D-Glucopyranose D-Galactopyranose D-Mannopyranose L-Arabinofuranose D-Xylopyranose

o v =l -
JUN 2.7 lassaiamaaiiveasiiivaglaa [15)

2.5.2.3 aniu (Lignin)

antiulignsluanamaaiife CoH,,0, uansusznauseninasuau lelasiaunas

da § v

sandlaunuiuilumbedesvaissiia aunarsiuasuszneuddeuniihminluanag

- -

antulauv@liazaroun Lidanguuaiinnuudasmuniugs Tnsdniu waglaauazied

Aﬂl a L 8 .‘a" ] : A -3 1 1 g
waglaaluansusznaunfleglunduwadivtugs (Meivluidendsiuaziivluidess) iy &

v
= ot -

v v I - %) w ' - ' @ <
Au we edaand unuilndlue va ludndiuiuandrsiuiudueiiouazenyvesiiy
:A -y s 2/ [ [ A o v o= o i =
venaniidniudsdilassaiadunamievimihideulssseninluanavesiivagladuay
waglaalvdniunielundaead vTﬂﬂﬂsm%"Nﬁ'uﬁﬂ’nmﬁmimumug{dﬁumq anfiudu

=Y

aAa I3 = O . | o o '
ansUszneuilegluwadwusyanm 20 s 30 % Antiuiwiiweulsssewinluanaveed

a w a4 a v X 4 % o
waglaauazivaglaalifniuiveiiunnuudausuds yennnilfisannissumeveniiiog
[ & A w 3 o o & A - a CL ) a =a
sewinila@eluanuavadaead Jasiumsgnviateiliaiovesiwaingaunidlane dntlu
ar 3 a o W &' L4 = q" U v v il o
dadussiusznounddgludiell Tnsawlitudiu Faazdrelidulifinnuudeusawazyinlo

alavaanuuwasiiauTitesiulsale

5

HO OH

MeO

OMe
H

= v = s a
JU# 2.8 lassadomaaiivasiniiu [15]
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a
2.5.2.4 93AUTENBUBUY
¢ e a a - w ' | - a - ¢
peAUsEnavAduiuANlunasnmetrutunls WAy waransduq (@sdunid

- -l (-4 v
Wazauunse) LumAu

1. uts (Starch)
v da ' a =
wiaiilaseasraduluiananiivuinlg (Macromolecule) Usenaumewadiuesail
whegveawaaniinglaa (0-D-glucose units) 9uau 2 vilafe arlulaalAmylose) uavey
a . = [ Y & o i = - 1 [T as
lulawadu (Amylopectin) waillaailunadinefiBudureinglradaiyouseiunlowusy
d  « o o y aa v a v o
waanINAISUBUA WML 1 way 4 (O-1,4-linked D-glucose) fiflsnuUsuiuas loanaly
weillaausznaudrenuisgrvaanglaauseanas 200 s 20,000 wirsuariuminluiana
i < a - 4 < . .
Tuta9 1x10° fia 2x10° aasu luianaveusiilaaneiuindeanaea (Single helix) WagWuULD
= a < a a a 1o o 1w e
flawedulunwnsyaanisy lnsuaflamafudunediweslefsisznausslendnninglaa
- 1w W a P « o | 1a o "o i [ @
Wousarumewuszuoanimsususiumuei 1 uaz 4 uazldnmivenmeiulgndnmeiusy
o 0 o ; o 1=l
woanMASUBUMIUMLAN 1uaY 6 (A-1,6-linked D-glucose) lnamilulgRazunnaanyneg
wiaegrveanglaadiuiu 22-70 wiie weillawnaduiiumidnluianasgludie 4x107 s

4x10° @iy wazUsenaumemiegiveanglaasings 200,000 vy

2. WsAu (Protein)

Tsauuarsusenaudnedl laseasrausenaumenadmylnanilsaeviauinnin

v W 3 v o a '3 a « = - v
annsafuiudugunsanaunioduleld Iwedindlnddunediweiaisineiidudunsaves

a a A v o v @ « ' ' a -
nsnerillunwendniumeiusamyuindseninamaivendauazmyeriluveinsnesilly

v
- v o .
widefsnegAniu
e a = o a = d.
3. 150U (A159UNITUazaiunIy)
a a o cal - v o - v v
UanavesansUsznauduvidduqiivarnvatelaun ndlweseauarylasaludes au
=i @ ' - ' a [ 4 a e 4‘; 4 n’t‘ < v ]
Un fegreduu damasey 59aTng meslu uariily arsmartignnulalulsunaipous
annsnllduselovdseld arstaunauulszneuluaieaisuseneudunisluanasuin
[ dyu v = - & A‘ L 4’ 1 4 ' =
vy uenanildausenavludivansetiunidiu A1 sanlavewugiulaun uaaidou

- v - al aa a - -
I‘WLWIE!L'HEJJJ Woawesa wunNULeN Fanau E]QJJLUUM L“gnll.axi‘m.ﬂﬂll Iﬂﬂﬂ%n’]m“qﬂﬁaﬂw'ﬂu

v
as

Fuiutinaunasyseunm
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= ° =
2.5.3 n1silasunlasuaznisinlulduselevivesdauna

= -
2.5.3.1 nsidasuudaaniaai
nl -l el ar 1 1 ¢ 4 s
nsasuwUamaaiiiiuiasnsad1utuy nistalasimesianisueluletu n1s
v a a = s s =
wonaatevauseu Milelaslada ewdsuwlasnmudnyaruavauifiuialsensvestn

w d a ¢
nadmiumuszgnaldnuieiadszlonigge

= | al =
2.5.3.2 n15UA5ULUAINI9TININ n1slasuntamiedinineesduia
gnFE081uTY Nstesaatetivtanuultiarlilyeandiau nisuiin wianislaiaulesian

- -l d = - @ o
wuasueansiialalasladanudiuia

2.6 Auaysn Uatropha curcas)

siuayen Uatropha curcas) \Wuieluaed Euphorbiaceae fidnwausiduliitusiu ga
Uszana 2-7 wes ssunheuseainm 2-3 wes fdsuiindsaduliidesou sululuide
sUld fmnuninavierautienay In1sdassawuuadu lauluidguila varsluuvan veu
luissuniendniin 3-5 nin eanmenilute lnsdeuszneudmsnendiguazaendiieluye

- o - ] o W v = d a w ) -
ABNLAMEINU ImﬂuaﬂiqﬂQUQaﬂﬂqnmﬂﬂaﬂmjLuﬂﬂizlﬂm 11 Luﬂmﬂﬂﬁ%z\lﬂﬂaﬂﬂﬂmgﬂaﬂi

Vv

ey dwmsunalininuninaussann 2-3 wuRing ANNe1IUTENIN 2.5-3.5 [wURlung i

= o

39 wav 11wan winvessuayidaunineszuim 1 wuiwuns Aue1useum 2

v

1%
s

- o g o 1o v ] =3 e = o o
LYURLUAT %uwmwLﬂumuuagmw‘lﬂmﬂmmu‘uaaLuaﬂ uanwmmﬂmﬂaanuaﬂﬁm U

aﬁudaulﬁﬁ’lﬁwﬁuay:ﬁ'lﬁml.flu'i’mqﬁu'lummﬁmayj JadununnGenda sueye

U 2.9 Fuaysn

fian - https://en.wikipedia.org/wiki/Jatropha_curcas

as

=1 o =i ] 'o' L T - Y (] v
tUand muaﬂmwmumumﬂimmqam 40% mu'l.uumuagmﬂ‘ssnaumEmsm

ecl

[

v e 3 i ' - e L =l a
lusiuniimsveuviislagansen 1wy nnlaluiadn nsnlawadn AIANIAUUAN NIALARNLIN L"ﬂ‘u

Y "o a1t ! P ¢l [ 7w
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ayslimnzaudmiumsldou wigiudadilidhiunnayduienaumuduiiilule
flwamnntusenszuaumnyueameiiiuady (Trans-esterification)
dnvauriilvesduaysszneuluiie aen wawaziuda druvssnenaiuisnsen
nonidutensean fdwvesdoduvatsveswenvuanenidndvdedinduvensou dnons
A3auinuazaendudedniutiesaguusuiednu nawavwaniiaislelasleeniin (HCN)
wanaysiarsivdeninaedu (Curcin) wminuilaauaviliiineinisvissdumilouaasn
doRnuaud itdidendoundsaunandutoniivaisra nawagnuninazifindosndiegn

s

L4 - as <=
UNI gﬂwauaﬂwmwsanau‘umﬂﬂ'\unaw wWasnuuiuiunane

2.6.1 NMsanAUIUINNINEYAN
wieaymduiu 4 Alandy avanaduintiule 1 Alansu (Useuna 1 3n3) wdadu

nnayan 3 Alaniu ansaduunuszinnveamsanala 3 wuy

2.6.1.1 nMsanalueslfuanis
nsafaluesljianislaelyisunlvaziden uaiaiasiedvitazarellnsdou

-l L3 v .ﬂ’ L] - J
dmes iy 34.96% Pnwaasldonuas 54.68% NILDWER

2.6.1.2 nsananleszuulansadn

Iodnsfudsgan 25 84 30% fdstuaneslunin 10 81 15%

2.6.1.3 NSENANILIZTUUDANGEA

v
@ v

Ieisiulszana 25 8 30% fhhdunndnslunin 10-15%

2.6.2 msunlulduselovd

1. wadnsahanlgsuusemudusnarenens eunde eruiviends Juduy

2. widaannsaldinwdusnauvieufimdeadsls

3, gannsathuIuiuafifuartisane nsiu Sivauuwma Shviusatindeu
mnuazAafuEe

a. drvesluanunsatanldtasaniuune Shvunaiods m3nwiEl aneniseniay
wNINSUIAUIN

5. wiAsawnsohumanduiiudmiuieiowudiealdd Tnoaneuiniosoudii

finuisisaud
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i ° v o & a w - al ¢
6. druvasninanaiunsatunldvinduomdsiviuiadosanumesluy (Steam

& ° o E [ [
turbine) ﬁ’]ﬂ‘iULﬂ'i’t)\‘lﬂ'\LUﬂ1‘Nﬁ']1ﬂ

g o

2.7 dniugyan (Jatropha oil)

Y o =

° (] 1 -I g e - -‘J ) o 1
U'INU?!‘IJGI']LUU?I'JUTJENL‘Ma']'ﬂﬁﬂﬂ'il'lﬂLuaﬂﬁ'l‘.'lﬂWW'JUﬂ'i'ill'J%ﬂLmﬂm'Nﬂﬁ AUV

=4 wa o :ud =

P v avw v a W -
uniunlafiguant@nlnaidesivunduiiganin Jyadenulsszain -7 ssaaidus
- -l cal v 7] v a4 e w o v
AnuAIassuangasltauluannwedauiiudn nenaluuad
AA v d - s 3 v - LY

nsufe lHeSosindnans lauwasunalseunn 4 Alansuay

v

annsndnUszgnaldaula

13

aa al EY I3 (K
'Jﬁﬂ'l'iﬂUU'IJJUQ'lﬂLijﬁﬂﬂll“ﬂ’l

5 woyuw a o - & v v ' ve w ) o =
'U'U']llu‘lﬂ 1 ang L!.IE]‘VT'ULH'B'QU-?\TIqSmﬂQ'daaU'L“uqlluaUﬂ'lmﬂﬂﬂﬂGU'dﬁzuqm 1-2 U WD

v

=L

o v v \ Y o dww ° ;- o S v o
psuimualvinsasiiaretn drwvesuniuilaaunsaiunldinioseunfigasauslaiud
[l - =l + " 'o’ I [ 2 ar A (3 [ dl
wu salawdunin sodusiu insasguin uwidildaansaldnulalaenseiuiniessuivguis 3
foainisuaydiildnnisiuinuludunissudioameiiiady (trans-esterification)

= aaa - i 5 v ow 3 v a o ¢
gaduujisemaaiisznitnnifuiuueanseed velinandnilueamnesuazniigasoa

umusnadueawmes s lUltlaensivdenauiviniudiwaludnsdiunieg

A ‘0‘ L L
3un 2.10 WHuayen

mahluvssgnaldauveniduays dauunngnldauduhiululefisanaunu
i o e s - ar d‘ (=) = -
lngiunszuaunmmmueameisieduiieldnulddunisssudfiwaniinmuise g
5 o 1o = - ' ] v o - ¢ al ]
uiuaysilyaudeliinudite nanfeaunsaldnuldlaensiuiriessuinanuiiseusi
& - & M 1w w o = v
warAuiITeus Insiivumeunlidudou venvannmisirluwdsuanindiun1smsiuie
o e s v lOJ L4 1 0 L] o :’ a d 1 4 =i 1
awedsiatuuar dniuaymansadanldlalaense lagdidiunlaain nisdvusiiu
nszviumsmdneendiaulaglilalasiaulinateduinduniufiea (Green diesel) nanafie

< = 13 : . v o a
Wumswdsugunnlassadlasndigelsa (Triglyceride) dunsfdnsandiauainnisld
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- - a  w T '
lelasiauienasugundnsusilinaeduihduifiosdusenovveslala sasveulugis Cyp

Cis
ROCOR'

HyC~OCOR' catalyst + H¢~OH

HC-QCOR" =+ 3 ROH st ROCOR" ¥ HC-OH

| + I
H,C—OQCOR” ROCOR™ H,C-OH
triglyceride alcohol mixture of alkyl glycerol
esters

o aaa e a -l T W
JUN 2.11 Ujisemsuieameiiiinduraslnsniiwelsalussdusznauresuiu

i : http://www.barascientific.com/article/Biodiesel2/biodiesel_2.php

Tnevialuasdusznavrasiiuaydusznaudolassairsveslasndiwelsed u
Taswairsveslasndiwelsdarsenoudensaludu (Fatty acid) gnuuadu 2 Yszawlaud
nsalusiulaiBud (Unsaturated fatty acid) Amdudndruiaimunyszana 78% Usznoude
nsalatadn (Oleic acid) Uszuad 51% funsalaluiadn (Linoleic Acid) Uszunau 37% uay
nsalusiudus (Saturated fatty acid) Aaifudadruussann 22% Ysenaudensaurdian
(Plamitic acid) Uszan 15% wagnsaaiiiusn (Stearic acid) Uszanu 7% lasnsaluiulsag

a o < = LY -
YUAAIUIINVIMUNUUTIEALIBEANIAIT NN 2.1

4 (3 L %’ ot "o u g @ - 4
N1TWN 2.1 aqﬂﬂwnawaqnim‘lwwaamuuagm (Jatropha oil) waguuutunau

23AUszNOY (%)
g0 lmi C12:0 C 14:0 C16:0 | C180 | C181 C 18:2 C18:3
lalofiu
fadn Lidadn | Urdlidn | adieSn | Tewdn | lalwadn | laluiadn
Undu 14.1-21.0 ND-0.5 05-20 | 39.3-475 | 3560 | 36.0-480 | 9.0-120 | ND-0.5
uzwin 63-106 | 451-532 | 168-21.0 | 75102 | 2040 | 50-100 | 1025 ND
fndas 56-107 ND-0.1 ND-0.1 80-140 | 1045 | 350-67.0 | 13.0-430 | ND-03
famdes | 124-139 ND-0.1 ND-0.2 80-135 | 2054 | 17.7-280 | 49.8-590 | 5.0-11.0
ayen 101 ND ND 14.9 6.0 51.2 374 ND

#ian : http://digi.library.tu.ac.th/thesis/en/0232/10CHAPTER 2.pdf

B~ v oa ' | s e w Y ' = a o
1NENTRA 2.1 uansliiuidadiuvensaluiulidusveniuudazeia Sadlnse
ar e W ' . o o -t
lodiulaidudaunn Aaelelefiu (lodine number) (ludaviivavenfanuninuazaly
o 2 o & oA ) = - 3 < =
wngaudwmiunsidenuveadilu Sdduavleledugeniuaziimiuaiosd ewind

<4 =i - a L g o
ATTUNURA ﬂ?WMLﬂUﬂiﬂLLﬂSMENﬁU'izﬂE)U'UENﬂaﬂ‘ﬂLﬂulﬂﬂ Tunenduniuuiunilaiay

- 6 B e = - - = - ¢ a
lﬂiaﬂuﬂququu%zuﬂqqukﬂﬂﬂsﬂq LUBIINUAITUAUR ﬂjquL‘ﬂuﬂsﬂLLaﬂaQﬂﬂiﬁnaUﬂaﬂ‘mﬂu
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5 J ] o 1o =i d =i s
i1 9NA15 T 2.1 zmudniiuainayaiiavleleduyseann 101 WewIuuiiisuiu

vw 1 =

lﬂ’ a 4 1 g s L =l A l; ' ‘0’ @ -]
inuussandunuIdiuayadauEtesn aunnIuaukazdTuNEN  1ATaY

lolafutiasnin

v

v
Lo |

A Qs 'ﬂ’ L 1o o g LU ) L4
AN 2.2 F!CU?{SJUP'!‘UENU‘WIJUN{'JW] UHUALTYE ULasdIRNITIUUINUALTEVHUT

Y . ¥ i Yo e nasgutlufiea
VYaNIWURA UNUUALYR 'Ll'llluﬁ'l‘!ﬁ"l ﬂ;!ut’!"l

1. ATAMUWLNT 30°C (g/cc) 0.845 0.94 s

2. Ay 53 a1 >45

3. anumiin (cst) # 40°C 35 35.46 <8

4. 392 (°C) 65 270 >52

5. 3aAnln (°C) 74 320 -

6. AAuSoulaIwaY (kj/kg) 45200 40080 -

] o e - o o = L3
U YU NUANNEINIUATYAUTY IUSABY, 2549

o - wa ] v - - Y oo 8 o oo -
A15199N 2.3 u.r%UULV]UUF}WﬂNUﬂlLﬁ:.-’ﬂ']ﬂ'J'nJ'iE)U‘UaﬂW‘Uﬂﬁ']M’l'ﬁfﬁ'ﬁNamu’]”uml‘aa'ﬁ’)ﬂ’]w

i AIUAIT NI (g/ml) Aunin (cSt) Arusau (kj‘kg)
dandes 0.918 57.2 39350
NuALIU 0.918 60.0 39490
WEWin 0.915 51.9 37540
fame 0.914 67.1 39470
Undu 0.898 88.6 39550
wanluvrdu 0.904 66.3 39720
wialuayen 0.915 36.9 39000
vsiufea 0.845 38 46800

ﬂi 1 Aﬂl 1 Py
VU NRUADAUATUNTNYAT, 2547

- P v o w1 - ) -
INAIT199 2.3 HUIATAILTBUILUWUISHARUAUAIAMNNLATBIUINY 0D

« - Y o | a T = ° o ¢
parUsEnaumaeiiveninluwsasein drdudwailinunienn Weswnaulussrysznau
= w = v [ a 1 (] « L%
yaanTuAwaUsEnoumeansialasAIsuaus AUl Cie-Cis Misinsausenavainnsalutiu
a W la o da a w ' ) & o v o
dusuarliduminiieandiauuaziusegnelulaseasne uenainil Ce-Cyg Hvunalasiaineg
e - o Va4 v P ' -5 T i e
@nnIiliuseansawlumswnlwifiAinuiaungindt uenantaenuinduiuainays
a & oo V8w P - v = ¢ v o
fifnAumiiaauinnininiuriindu aunsawdsulasairaviessauseneumanillvey

& a & v o % oo o '
lugUvontamdaaaeiudaiudigaldlionn
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3 . .
2.7.1 lasnawwalsa (Triglyceride)
- ¢ - - . | v
Insndwelsavialasiedandivesea (Triacylglycerol) Wulviiunusenaumensa
a s s =i é al 4 -l 13 u’;
ludualuanasudaiuniweseaniisluana nanlviunudsznauilulasniigelsau
[ as = - @ ] -l a IS - - ) 13 O S
p1vazilunsaludusiaifendu 1y Insafedu dnseasinilussiusznouinuuy visdu
L - | £ o - - N = i -4
nsnlusiupuavedn Wy 1-wallvaiieu (1-Palmitostearin) nunsfidlasndialsaingg
e £ oo 1 LY ar n’ = a
Tusfudusnidunsawdudiin drunsalusiudif 2 wag 3 Wunseadedn Wunduuazasly
[ = v oA W - 1 s . C
dnd uatlfavaulstmiaieinwgamgiivesinanie lnvasavluwadlulu (Adipocyte n3e

Fat cell) luguiinlusiu winagluguluiwad (Micelle)

0

Hzcl';_o)ok/\/\/\/\/\/\/\

9 12 15
H,C—O - " — \/w

a

A s -l g @
JUN 2.12 dnunizlassaieveddasndigelsdluingiu

i - https://en.wikipedia.org/wiki/Triglyceride

2.7.2 ninlvdlu (Fatty acid)
o o ¢ aa A § - - ot )
nnlusiufiensamsuanddn (Carboxylic acid) iWunsndunid dsluanavesnsalulu
] - ﬂ‘ 1 | 3
Uszneumemyaivenda (R-COOH ) wanimnuunsadesgivansveilalasaisueu nsn
v =0 . i a aa s = -
Tuuildmauasveuduang Uszanu 4-24 svmen ninluiududie (Lipid) 3lusssum
tnlinunsalululuguvesnsaluliudase (Free fatty acid) winunsaluiuiuesdusenevey
luluanavaslasniiwelse (Triglyceride) vislnsiaTandiwosen (Triacylglycerol) aglutiniu
(Oil) wagluilu (Fat) M nitvwavdnl
o 1 4 <A %’ s o o
laghluumvualuanaviedmiinluanavesnsaluliuniuesiusenevluluiana
vadlnsndlwalsnanuisavenlesumeineuiliiadu (Saponification number) winfiANen
aa s 1 - 3 = = = ey
woulliiaduganansin nsnluiuiiluesddseneviluanavnadn uasyiniiAeweuiliia

o o ' w oA & 3 [} e o o - 1
Fumuaninsalviuiituesdusznouiiluanavuinivg dwmiuduuiuszgusdlasnasen

lalafiu (lodine number) mniifnlalafiugauansinfiduuiuszeaun

[

dmivelelediuiu mnnanludesesdusenovvensalutiuluinduaysving)

v v " -l Vet !.' L L] v 1 L L - .l’ s (-] Ad U
Ay Alelefuansavenlatinmunmuesinduaymlaiguiu nanARuiuayAEen

i
ar

=l v ' g as o =i R e
lelofugauansliiiuiniduiinauatssdn msrzlinsaludunliduduin lunianduiu
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v
s

° 1o dd 1 -l u' v g I 'aJ o o« -l -l o lnl o v
11 uagmwumla‘lamumu,ama'[MmummuuummLaﬂstgam‘mzun‘mlwulmumuaﬂ
nsalatiuanusautsUseianle 2 Useinloun nsaledulidudmuasnsaluiiudusi

Tneiiswaviduanasaluil

2.7.2.1 nsalusiulaiduda (Unsaturated fatty acid)

nsnlufurialiidusmneiansaluiu (Fatty acid) filWuszdszvinamsueuszaen
Tuluiana 1 Wuse vieannin Slgavasuma (Melting point) nddlewSeudisuiunse
lusiuriladush (Saturated fatty acid) ATl uaumsUsuIY

Useunvwosnsaludurialiumansowiausaanls 2 Ussinnausiuauvesiuse

Alulassasnfsriolul

HOJ\/\/\/\/\/\/\/\/\/

Oleic acid

HO)l\/\/\/\/\/\/\/\/\/

Linoleic acid

HQJ\/\/\/\/\/\/\/\/\/

Linolenic acid

o o v - @ 1a W a a
JUN 2.13 dnvarlansaiamaaiivesnsaluiulibusmvensalewdn nanlaluadnuay
nsalaluatin
< s . s . s
U1 : https://www.researchgate.net/figure/Structure-of-oleic-acid-linoleic-acid-and-

linolenic-acid_figh 318510402

ar

s = l‘h. dﬂ ! e )
1. nsnlusiuyiinliduniinused 1 Aunus (Mono-unsaturated fatty

acid)
) a 1a o adaw ' ° P My a . i
Wunsalviuviinbidudniivused 1 swnidlaun nsalowadn (Oleic acid)

at

UsTANAIEAIUNUY (Poly-unsaturated fatty

.
ot

ar [ l=‘
2. nsnlvdulidunng

acid)

L
@ s '

L = lﬂ. @l 4!1 i o 1 l'-'l!‘ s ' 1 ot -
l'lg.]Uﬂiﬂ‘l‘Uuu'ﬂUﬂ‘luBMFI'WILIWUSSQGNLLFI 2 munuatuly snfedrsdunsalutiuein
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o a

- w oaa ' o ' i - a = y . Y] - r- o
hidudaniinusee 2 Aumislaun nsadluiadn (linoleic acid) nnlvsiuviinlsidusnivuse
| = o aa w

A 3 mumddlaun nsadlutailn (linolenic acid) ninlulfuvinlidudniliusey 4 dumis

loun nsmaysAlatin (Arachidonic acid)

2.7.2.2 nsalviiudusa (Saturated fatty acid)

v a w - v oo ' « w =
nsalufuduswmnetensaluiuinuszsewineiveusaaululuanafuiussiae,

i
-l @ - o e @

wazldarursaivlelasiauladn fdgnsialuilu CH,,0, fAuados laviujasendy

v

sandlawinlvliiAnnisiniiufiuaineandiau (lipid oxidation) figanasuinad (melting

. J -l =l as al - In' st » dd o
point ) g4 WalSsuifivudunsalusiusfialuduaa (unsaturated fatty acid) A8is1u2u
ATSUBULYINAUMIBE1ITRINIALYTUBNAILTY NSAaB3N (Laric acid) nsalu3ain (Myristic

acid) nsAU1aLiANn (Palmitic acid) nsnawde3n (Stearic acid) (Wudu

/\/\/\/\/\/\/\)'I\OH

Palmutic acid ®)

/\/\/\/\/\/\/\/\)LOH

Steanc acid

o w v P v oa W faa a a
E‘Uﬂ 2.14 aﬂﬁng[ﬂsqasﬂlqulqLﬂN'Uaﬁﬂiﬂl‘uuuaum')’lla\‘]ﬂ5ﬂﬂqaumﬂuazﬂiﬂﬁtmﬂiﬂ

fian : http://www.chem.latech.edu/~deddy/chem121/Lipids.htm

2.8 msﬂ%’uqmmwﬁﬂﬁu (Oil Upgrading)

[ g o lJ ¥ 4‘
n1sUsuUseaunmeessituidunisilasulaseassaalnsnawalsdnivsenoume

1
el a

nsnluiuliduiiiinusyaiivssnoulussoandiou Tasdrnannieuldlalasioudmiuns
Uiuuge Teelelasiaudrdvuinaiussgienadsulasiadislinaedulasndiwelsdi iy
WuseiRtn (Hydrogenated triglyceride) uaziﬂamatﬁmﬂﬁﬁ‘%mmamﬁﬁqﬁaluﬁ

2.8.1 nmsuanaanglagaisauisen (Catalytic cracking)

| 3 ar ) - e A ‘J‘I — ] e
Jumsuanluanadedussufiselaoasuwlasasusenauiifioendiauog 1

« < v
afUszneunEnawmiaunnaauansusenavlslasasvauluanalugliianas

2.8.2 fApsuailaladu (Decarbonylation)

L'T‘Jum'suJ'é'auTﬂ'sqa%’lwaa"lmﬂﬁwa“L'sﬁ'l.ﬁag‘[ugﬂwmlaiﬂsm%uau MeA1sUaLLaU
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v

¢ ° a v v < ol
anlyd (CO) wari (H,0) waziiamsuanaaislaniainslveglugulelasmsveuniivuiaian

a4 (Lighter hydrocarbons) saufan1siialelewwes (Isomerization)

2.8.3 An1suan@iadu (Decarboxylation)

\umsiwasulassadeveslasniielsdlviogluguvedlalasaisueu fMeemiveuuey
vanlen (CO,) uaziinnisunnaaslassaiclieglugulslasamsuauiiivunaidnas (Lighter
hydrocarbons) saufiamsiinlelewas (Isomerization) wagniswasuudulaseadrediiduas

wInlAsIas19eLlsuAn (Aromatic)

2.8.4 nsmaneandiaulaeltlalasiau (Hydrodeoxygenation)
Wumsidnesndiausenainhiiulasndiwelsdlasldlelasiauluguvesiuasiin
v I « ol - 2 = a 73
nsuanaatelaseasanateilulalasarsuaunilvuiaidnas saudenisiinlassasiswesl ole
\Wes
Ingldnlumsuivugenunimeaniniusisnisldlalasiau denldgamgiisening
300-450 2aANwALITEd ANNAWUSEUIN 5-20 winguranna (MSauseuna 50-200 us) nely

o i

seuuln laevihlunalnmafaufiselelasioendiuduseninlalasiauiuihiuiuseney

' W
o o aa - v

lehensaluduliduindudiunin nalansiiauiisensuduanluanaveslslasiauly

.
a 1] o

v - AJ o U o/ = Vai w a} ; d -
nszvIumMstvinuniduiuszavensaleivbidudidwavilviiwuseieaunntiu el
W =l & v - v a v a ' & ' ° -
NuszAENINTUNIsuAndatelassas i miandsuatusaialadetu dawanilvg

= dv IIJ v - -y o Vo 1 = e d‘ 1 aaa
Auaisunty laevaluudinislelasfeendfiuduarldiisiitoniossizeonves
lealasiauliiinnisdununsealedulidumveslasndwelsaludiiiulaieluazduseans nw

WNTusnAvgutu dniia (Ni) lauead (Co) wie lududtuladalng (MoS,)

il £ REACTION SYSTEM PRODUCTS COMMERCIALIZATION

FACTORS FACTORS FACTORS FACTORS
Local Environmentsl Conditions Catalyst Product Selectivity Env. Safoty lssues
Govi Norms and tax issues Reaction Temperature Hinder Side resctions Supply-Demand structure
Food va. Fuel issues Reaction Pressure
Catalyst Loading

d -i' = .u’ s o ] - @
JUN 2.15 wuamsnsiasuasAusznaumaiaiivenidfuilsmenislefasswfiten (3]
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| CHOH .24 1
e Ko S S 5283333
: \ H
- MO CHom == ::: w
[ B L “
- OH OH ,,J,JQ"‘
* Toga Miconsn - ’ -
e Aaes

BIOMASS .
‘s ' Lignin Lumen Fitees
Aramanc Mapathaieng
m - n 4
Com Sobenn [ W 3

= 1 oas = ar - o 4‘ - = oo as
JUN 2.16 unavingavdmiuivasudundsnudamdsnenislelasieanddudu (3]

l Catalyst for Hydrodeoxygenation reaction I

Catalyst
o] s
metal

Mesoporous Mixed Activated
l Oxides I I Materials | l o 5 I l Carbon "Cmpoms " Zeolites |

' ALO,-MCM-41 NaY
usY

Cobalt
Beta Molybdenum
ZSM5 Tungsten
Iron
Neble Metals

d - o ' @ aa s o I-'J = - e ar
JUN 2.17 vllavesrusaiteuarinsessunaunsalylunislalasfoondliudu [3]

lngluudanislelasieendliutuszlddiscfisolunsenalavensuddueda

L ° L. o

tnifia Tauead Tududiy vivaau wdn udu dwmduisesiulasunateuldanuuniiand

- =

- a w ¢ P ad a ' W
Apegiltueanlyd (AL,0;) Wasniiiuniags Teudunsaiunas uilimunzaudmiu
- - Y | - o v . 4 o » -
n1slalasAoendIuduiiasniniinnisviuauvealdn (Coke reaction) @avinlvnalnlunisas
- = v P ¢ a a a o v o 1Y &
pandlaunaznswasulaseasisvaslasndwelsaiiusednsamneas sanulusuniewiul
Sefludenlifsesiuriinduunuu Tunszpavesleneda Fleladuazduiuiug

o w - -l g Lo a." | as L - =l
Tumsidmeendiauvedlasndwelsdluidiusmelelasimuiivegivtadowavteulai
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s

i L i o - aa v a = oar ] - aa Q
Wertesluseninamavinujisen lnguszneunisanuii gamgll disaufitewazini

o = - w1 &
favany ‘ﬂquﬁﬂﬂﬁﬁlﬂﬂﬂﬂﬁmﬂlﬂu

2.8.4.1 AUAY
L 4 ' - aa -l - e @ e 2/ q‘fv (%4 e

nstdussiuluujisenlelasfeanddudutsuldnunsdvsssulutuin waves
ar al ar - e -l v da 1 = =i o =i
AuiuwUstulaenssiugamaiiluujitenall Uiinumuduniuinvsveniediussiunayil

& ! a aaa d a 4 )
Yiinawadlelasiauluszuvanntu lussninnsifieuiteigauvgiiaen Ysanumnuiuay

i 1Y - - - P a aaa - -
anaet1ednq Weswnneluszuvaziinisialslasinunaiiaujissmaniinulasndige

13 v o = [} o oo s 123 =i o L)

156 nisldanudunuiniiulidmaitliianissiudrveslasasiwaziilontavinliin

lalasansuautioeas

2.8.4.2 gaunll
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3. nslelameiila (Solvothermal Process)
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4. nslaluaiiAa (Sonochemical Process)
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2.15 mslalaswmesiiannsualuwdu (Hydrothermal Carbonization;

HTC)
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vosdnluwaglaaludunaegrnvagloa elwaglaauaraniiu Wiilassadudnasienis
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2.15.1 Ygjisemaaiilunszuiunisialasmesianisueluiedu

2.15.1.1 n1slalaslad@a (Hydrolysis)
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2.15.1.3 nswealmalsiwdu (Polymerization)
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(Polymerization) 161 2 wuumadl

1. Ufji3en5una (Addition Reaction)

o

- e ey ' = ” - e - v ala ] o aa [
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i - http://www.mwit.ac.th/~teppode/Chapter1_Organic.pdf
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2. Ujjienaduniu (Condensation Reaction)
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fansiingilsndunannsafiaudisenladeluniiesq laslulfitersvidnluanasuinian
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JUN 2.27 UfN381muuuu

i : http://www.mwit.ac.th/~teppode/Chapterl_Organic.pdf

2.15.1.4 n1sAneauaslsiwtu (Depolymerization)
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2.16.1 nalnn1sNANTISHENEaEA8AINSDY

1. 929N UNTHENEAEALANNTDU
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of Pure and Applied Chemistry)
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2.17.2 filwwes (Mesopore)
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ABNIRATUNINBAMLAENSRATUNIALAL
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2.19.4.2 dauUsenauvadaIas GCMS
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M1579# 2.4 M54 Proximate analysis, ultimate analysis Wa¥ Heating value [20]

Table 1

Proximate analysis, ultimate analysis and heating value of coconut fiber, cucalyptus leaves and their derived-biochars (lignite for comparison).

sample VM (%) Ash (%) FCYX) N (%) C(x) H (%) (%) 0 (%) HHV (K]fmol) ED EY (%)
Coconut fiber 809 81 10 090 4175 561 023 4551 184 - -

€220 698 62 240 050 6247 528 026 31.09 247 134 76,67
c-250 679 50 271 098 67.10 520 029 2643 267 145 65,70
€300 516 43 421 113 7322 509 035 2021 294 1.60 65.00
€-350 566 49 185 117 7337 452 036 2058 287 156 5578
c-375 426 86 438 1.3 7820 43 033 1593 306 166 59.00
Eucalyptus leaves 792 105 103 123 4596 62 077 4482 189 - -

L-200 725 73 202 137 6111 613 085 3074 253 113 8734
1L-250 701 69 20 144 6230 547 044 3035 250 132 61.12
L-300 612 71 317 1682 6887 600 072 279 287 15 61,32
1-350 562 a9 19 1.60 70.50 593 152 2045 294 155 4784
L-375 432 142 26 1.64 7219 481 151 1985 287 151 4278
Lignite 4876 1026 4098 174 61.64 572 077 3013 250 - -

VM = volatile matter: FC = fixed carbon; ED = energy densification; EY = energy yield
Higher heating value (HHV) = 0.3491C + 1.1783H + 010055 - 0.10340 — 0.0151 N ~ 0.021A where C, H, 5, 0, N and A are carbon, hydrogen, sulfur, axygen, nitrogen and ash
content in wt.i respectively.

* Calculated by difference.
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Table 1

Composition and physical characteristics of oxidic catalysts and supports.
Samples Mo loading Mo surface density |/ —— \l VPsoal® SErow”

{wL3 Mo) (atoms nm=?) (em’ ") {om® g-") (em? g~") (n?g~")

c-1 - - 0.59 048 1.07 1331
Mo (02)/C-1 5.1 024 0.55 041 096 1180
Mo (05)/C-1 109 051 0.49 037 0.86 1045
C-2 - - 0.67 029 096 1483
Mo (0.1)/C-2 23 011 053 o1 072 1150
Mo (05)/C-2 121 0.57 0.41 008 058 881
$ d from Dubini dushkevich (D-R) equation.

¥ Difference between of Vpye and VP uye-
© Calculated from the amount adsorbed at a relative pressure of 0.86.
4 Determined by BET equation.
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Table 2
Elemental analyses (wis dry basis), moisture, and acidity of bio-oils from different feedstocks before and after HDO over PUC or Ru/C catalysts.

Switchgrass Eucalyptus Manure

Bio-oil P Ru Bio-oil P Ru Bio-oil P Ru
N 052 108 os7 013 036 029 3 209 196
c 53181 7540 7164 5945 7087 69.24 6735 7214 739
H 536 B48 799 599 770 7.30 682 m Pl
(] n2a 1504 1950 3443 2107 237 2352 1787 16.14
H/C (mal) 1.19% 1349 1339 1209 1303 1266 1215 1315 1283
0/C (mol) 0463 0150 0204 0434 0223 0251 0262 0.186 0.164
Karl-Fischer moisture (wit%) 798 210 2245 690 431 640 731 295 218
Total acid number (mg KOH/g) 3 35 44 70 37 33 97 48 32
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Table 1

Surface and porous parameters of developed catalysts.
Catalysts Seer (m?/g)  Pore volume (cm?®/g)  Pore diameter (nm)
MoS; (commercial) 5.1 0.038 Multiple pore sizes
MoS,, 350 °C 08 0.007 4.1
MoS,, 400 °C 104 0.038 3.6
MoS,, 450 °C 91.4 0.203 3.7
Nig.;M0S., 450 °C 14.1 0.034 4.1
Nig3MoS,, 450 °C 15.3 0.031 4.1
Commercial y-Al;0; 181.0 0.510 75
NigaMoSz/vy-Alz05 156.2 0.306 47,70
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Fe** + 2Fe*+ NaOH
+

HTC 20C 34k
—_—
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\
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Natural macropores

4 a v (] at [ s ar '
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3UT 2.42 nalnmsdufveteynia Fes0, U Tetracyline [12]
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Table 3
Summary of alkaline-catalyzed transesterification of jatropha oil.

No.  Authors Alkaline catalyst Time (min)  Reaction temp (°C)  Methanol/oil molar ratioc  Catalyst amount  Conv (%)
1 Tang et al. (2007) Homogeneous NaOH 28 250 24:1 0.8% wjw 905

2 Tapanes et al. (2008) Homogeneous NaOH 30 45 91 0BE wiv 9%

3 Chitra et al. (2005) Homogeneous NaOH 90 60 ca 5.6:1 1.0% wjw 98

4 Berchmans et al. (2010)  Homogeneous KOH 120 50 6:1 1.0 wiw a7

8 Zhu et al. (2006) Heterogeneous Ca0 150 70 9:1 1.5wtx 9a

6 Vyas et al. (2009) Heterogeneous KNOyJAI20; 360 70 12:1 6wty 87
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Table 4
Summary on the recent studies of different hy VEe
S, Madel compound ffeed Catalyst systeem Max. conversion/products References
No
Active Support material
metal
1 Dibenzofuran NiP - 99% (T=300"C, Fg=3 MPa) 22|
2 Phenol, cresols, guaiacol and Platinum  Zeolite-beta 99% (T= 180 °C, Pyu=5 MPa) [123]
eugenol (Pr)
3 Soybean oil Py, Ni, Co-  AlyOy, Si0z-Aly0y 95% (T=400 *C, Pp=9.2 MPa) 24
Mo
4 Jatropha oil Ni-HPW  ALOy 99.85% (T=360 'C. P=13.3 MPa, LHSV=10h"") has|
§  Methyl ester Ni, Co SBA-15, Al-SBA-15 98X (C17 paraffin’s, Cat-NijAI-SBA-15: T= 340 °C. Fy=13 MPa) 1126}
6 Cuaiacol Fe Si0,, Activated Carbon 100% {10% FejAC, T=673 K, P=1 atm) 199}
7  Bio-oil Ni Z5M-5, AlD, GLBX(T= 240 °C, Puy=4.0 MPa, 10 wrX NijZSM-5) o3|
8 Guaiacol Ni, Ni-Cu  2r0,-5i0y 100% (T=300 °C, Fig=5 MPa, =8 h, NiCu (5 wiX}Zr0,-Si0,) 1127)
9 Methyl isobutyl ketone P Pd, Cu  SiOy C, HZSM-5 100X (T=100C, r=1 h, 0.5% Pt/HZSM-5) [128]
10 jJatropha oll Co-Mo  ALO, 99.99% (T=360 "C, Fyz =80 bar) 29
11 m-Cresal Ga H-Beta, ZSM-5, HZSM-5 and ~ 84.52% (T=450 'C. Ap =1 atm. Ga (3 wit){H-Beta) Conversion reached [130]
Silica 95% when T=550 C
13 Guaiacol Ni-Cu Al0y. 5i0;, Ce0y-210;, 210~ 9758 (T=320, Pux 17 MPa, =1 h, Ni{55 wi¥ )Si05 145
Si03=Al 0y
14 Propanoic acid Ru Ru- 210, 95% (T'=210 °C, P=5.4 MPa, Mo/Ru=0.2, Ru-Mo/2r0;) 3]
Mo
15 Oxygenates in ag. Fischer Ru 2r0,, Ti,, SI0,, AliO, 4.4 (T=200 °C, Pig =98 MPa, LHSV = 3.0 h=", Ry/TiO,) 1132}
Tropsch process
16 Gilycerol Pt A0 mixed silica alumina,  11.9% (T=225 "C. Pya=29 bar, Pt (0.8 wiX)/AlLOy 1133}
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O Oxygenated functional
groups (OFG)

OFG content (relative)

>

Hydrothermal treatment temperature
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Abstract

Carbon supporter from biomass has been fabricated by hydrothermal carbonization due to
this process changes the structure of lignocellulose including cellulose, hemicellulose and lignin. The
applications from carbon support are gaining in importance due to decreasing supply of fossil fuels
and growing environmental concerns. Hydrothermal carbonization process was used to upgrade
biomass such as sawdust and bagasse varying temperature at 160 to 200 °C and varying times at 4
to 24 hr with deionized water 120 ml and 60 ml, respectively. The biochars from sawdust and
bagasse under hydrothermal carbonization conditions were characterized by Fourier transform
infrared spectroscopy (FT-IR). It showed that the most hydroxyl group from this samples was
decreased due to cellulose and hemicellulose from biochars were decomposed over than 200°C. The
Biochars yield from sawdust and bagasse by hydrothermal carbonization conditions was determined
from weight loss after hydrothermal carbonization process, which is Biochars yield were decreased
with increasing hydrothermal carbonization temperature because lignocellulose was decomposed at
high temperature and time. The morphology of Biochars were investigated by scanning electron
microscope (SEM). It represented the porous structure was inflated to increasing hydrothermal
carbonization temperature.

Keywords: hydrothermal carbonization, biomass, sawdust, bagasse, carbon supporter

Introduction

The fossil fuel consumption rate has been increased to industry and household by using
from coal, petroleum and natural gas. From this fuel, the disadvantage to environment such as toxic
pollution will be causing the global warming. Moreover, the energy derived from fossil fuel will
decreasing nowadays and high cost. So, it was interesting trends in the renewable energy are
numerous.

The waste biomass was interesting in recent years because the lignocellulose has enormous
potential as a feedstock for the production of fuel, heat and electrical power approximate to coal
(Liu et al., 2017). Biochemical and thermochemical conversion are two parts techniques used to
lignocellulose from waste biomass. Compared with biochemical conversion technique,
thermochemical has several advantages such as short processing times and high product yields
(Tekin et al., 2014). In addition, thermochemical conversion methods, direct combustion and co-
combustion have less risk and inexpensive. From reviews on waste biomass direct combustion
conclude that is not a satisfying option due to natural properties of biomass feedstocks such as high
moisture and oxygen contents. For example, during combustion to biomass, the high moisture will
affect to lowers combustion temperature as well as increase carbon monoxide (CO) emission (Khan
et al., 2009; Haykin-Agma, 2003) causing serious air pollution in atmosphere.

Hydrothermal carbonization is thermochemical conversion for transformation lignocellulose
structure including cellulose, hemicellulose, lignin and extractives in waste biomass to obtain
biochars with high temperature between 140-220 °C (Liu et al., 2013; Tekin et al., 2014) and vary
times, pressure approximate 10 mbar. It can be generate liquid (bio-oil), gaseous (mainly carbon
dioxide), aqueous, and solid products (biochar) (Akhtar & Amin, 2011). In present most attention is
paid to the liquid and gaseous products, but the bio-oil from hydrothermal carbonization cannot be
used directly because itis
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the high acidity, complex composition and viscosity. Compared to bio-oil and gaseous products, only
a few investigations have been carried out on solid biochar. The biochar is generally produced as a
byproduct from waste biomass and high hydrophobicity (Liu et al., 2013; Tekin et al., 2014).

Sawdust is a byproduct of sawmilling. It is a fine powder and toxic waste in factory.
Moreover, it can be utilized for example Paul blakeney and fir trees that reacts with NaOH and
Na2CO3 adsorption of copper (Cu) and zinc (Zn). Moreover, coconut trees that reacts with H2S04
absorbs nickel (Ni) and mercury (Hg) (Ngah & Hanafiah, 2008). Bagasse is a similar fiber. It used
in the biofuel or the paper industry. In this work, we study the effect of hydrothermal carbonization
by varying temperature and time from sawdust and bagasse for carbon supporter.

Materials and methods
Materials

Sawdust and bagasse were selected as the representative waste biomass. The biomass was
crushed to less than 5 mm and dried at 90 °C for 24 hr for hydrothermal carbonization process.
Preparation

The biochars from waste biomass (sawdust/bagasse) was prepared by around 30 g and 15
g was loaded with 120 ml and 60 ml deionized water into reactor for hydrothermal carbonization.
This process was varying temperatures at 160 to 200 °C and times at 4 to 24 hr. After that the
biochars were quickly cooled down at room temperature and dried at 90 °C for 24 hr.
Characterization

The morphology of biochars (sawdust and bagasse) were characterized by scanning electron
microscope (SEM) on EVO® MA10. The functional group were determined by Fourier transform
infrared spectroscopy (FT-IR) technique in the wave number range of 4000-400 cm. The yield of
biochars were calculated from weight lossed of biochars under hydrothermal carbonization process
compared with weight of raw biomass. Finally, the carbon content of biochars were investigated via
CHN analyser.

Results and discussion

The Morphology of biochars under hydrothermal carbonization were characterized by SEM
images. Figure 1 and Figure 2 show SEM images of sawdust biochar and bagasse biochar with
different temperature from 160-200°C for 24 hr. Change in temperature were found to affect the
morphology such as larger porous structure at increase temperature and time (Deng et al., 2016).
This is because of increasing temperature and time in process will decompose the lignocellulose in
biomass (Tekin et al., 2014). Cellulose and hemicellulose structures can be eliminated from the
surface by hydrolysis reaction (Zhao et al., 2014; Kapu and Trajano, 2014) in hydrothermal process.

Figure 1. The biochars (sawdust) from hydrothermal carbonization conditions at (A) raw, (B)
160°C, (C) 180°C, and (D) 200°C for 24 hr.
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Figure 2. The biochars (bagasse) via hydrothermal carbonization conditions at (A) raw, (B) 160°C
(C) 180°C, and (D) 200°C for 24hr.

The functional group in biochars were investigated by Fourier transform infrared
spectroscopy (FT-IR). Figure 3 show the functional group of sawdust and bagasse at different
hydrothermal carbonization from 160-200°C for 24 hr. At 3680-3000 cm™* was indicated to OH group
of cellulose, hemicellulose and lignin. At 2917 cm™ indicated to -CH alkane group of lignin peak. At
1715 cm ! indicated to C=0 group of hemicellulose. At 1634-1328 cm! indicated to lignin peak. At
1210-1080 cm™ indicated to bending of C-O peak in hemicellulose. Increasing of time and
temperature resulted in hydroxyl group, Lignin and C-O peak decreased. The hydroxyl group (-OH)
of cellulose, hemicellulose and lignin were decreased with hydrothermal temperature due to
deoxygenation and dehydration reaction. It can be eliminated Oz and H.O contents for biochar
production. As a result biochars are increase hydrophobicity (Liu et al., 2013). Lignin peak at 1634-
1328 cm'is slightly change from aromatization reaction because lignin consists of the most aromatic
rings is high stability and degradation approximate 300°C. While bending of C-O peak of
hemicellulose at 1210-1080 cm* was reduced dramatically due to hemicellulose is less stable than
lignin. Moreover, the C-O peak component are depend on the type of biomass.

A —

Transmittance (%T)
Transmittance (%T)

V
—— T\ S—
— 1809C 24hr ~——— 180°C 24hr
— 2009C 24he —— 200°C 24hr
4000 3500 3000 2500 2000 1800 1000 500 4000 3500 3000 32500 2000 1560 1000 800
Wavenumber (em ) Wavenumber (cm ')

Figure 3. FT-IR spectrum after hydrothermal carbonization conditions by vary times and
temperatures (A) sawdust and (B) bagasse.
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The biochars yield from sawdust and bagasse in Figure 4 were slightly decreased with
increasing of hydrothermal carbonization temperature from 160 to 200 °C and time from 4 to 24 hr.
Due to cellulose and hemicellulose contents in lignocellulose were decomposed and eliminated
during hydrothermal carbonization by hydrolysis reaction. Hydrolysis can be destroyed structure and
chemical composition of cellulose and hemicellulose (polymer structure) to monomer structure (Zhao
et al.,, 2014; Kapa & Trajano, 2014). Futhermore, the loss yields from biochars with hydrolysis
reaction can be converted to solid liquid and gas (Tekin et al., 2014).

dhr
Ih
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241w
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4 l'm-l B
Bhr
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Figure 4. Yield of biochars from hydrothermal carbonization with different temperature and time
(A) sawdust and (B) bagasse.
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Figure 5. CHN elemental analyzer of biochars with hydrothermal carbonization.

The CHN element of biochars were reported about increasing carbon content via using
hydrothermal carbonization. In Figure 5, carbon content of bagasse conditions (raw and 200 °C 24
hr) were 43.35% and 57.53%, respectively while sawdust conditions were 43.23% and 54.65%,
respectively. Increasing carbon content is due to the different chemical composition of sawdust and
bagasse also cellulose, hemicellulose and lignin (Garrote et al., 1999).

Conclusion

Biochars from using sawdust and bagasse have been successfully produced with hydrothermal
carbonization process. Yield of biochars under hydrothermal carbonization were decreased due to
cellulose and hemicellulose in lignocellulose were almost totally decomposed with increasing
temperature and time. Deoxygenation and dehydration reaction causes biochars to have hydroxyl
group decreased. But lignin content has slightly changed because the temperature is too low. Finally,
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the optimum conditions from hydrothermal carbonization is bagasse 200°C for 24 hr because it is
the less hydroxyl group, C-O peak of hemicellulose and carbon content.
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Abstract:

The oxygenated compounds in jatropha oil residue has been improved upgraded
by using molybdenum disulfide (MoS;) catalyst on carbon support from sawdust
obtained via hydrothermal carbonization and pyrolysis processes. The lignocellulosic
biomass composed of cellulose, hemicellulose and lignin from sawdust were
hydrothermally carbonized between 160 - 200°C for 24 hr. The MoS: catalyst was
prepared with mixing between thiourea and ammonium molybdate tetrahydrate and
impregnated on carbon supported materials. The lignocellulosic structure were
decomposed at temperature higher than 180°C from hydrothermal carbonization and
pyrolysis. These processes decrease cellulose, hemicellulose and lignin in carbon
support with increasing of temperature and time of hydrothermal carbonization.
Jatropha oil residue was upgraded via catalytic deoxygenation to decrease oxygenated
compounds using MoS; on carbon support carbonized at 200°C. The upgrading process
was performed using pyrolyzer gas chromatography mass spectroscopy (Py-GC/MS).
It showed that the MoS2 on carbon support carbonized at 200°C can deoxygenate
oxygenated compounds in jatropha oil residue more than carbon support carbonized at
other conditions.

1. Introduction often supported on y-Al;O3; but this

At present, the problem of support material is highly acid and
energy shortages from fossil results in accelerates coking reaction.* The
demand for renewable energy such as carbon support from natural materials
bio-oil. Jatropha bio-oil is generated are good canditates as catalyst support
from jatropha oil residue by fast due to their diverse porous structure,
pyrolysis process at high temperature good resistance to acid, abundant
rapidly and give bio-oil yield more than source, low cost and no coking.
75%'.  However, the chemical Sawdust is a by-product of sawing
properties of jatropha bio-oil is less which is a fine wood powder. Sawdust
stable than petroleum fuel because it contains mostly organic compounds
has high oxygen content, viscosity and including cellulose, hemicellulose and
acidity.” Hydrodeoxygenation (HDO)? lignin that contains polyphenols. For
is the process of removal oxygen atoms example, sawdust from pines and fir
in a form of water molecules which trees reacted with sodium hydroxide
improves chemical stability of jatropha and sodium carbonate was used
bio-oil. The molybdenum disulfide toabsorb copper and zinc. Sawdust
(MoS2) catalyst was used in from coconut trees was converted by
hydrodeoxygenation process due to its hydrothermal carbonization and reacted

activity and cost effectiveness, most with sulfuric acid to absorb nickel and



mercury.’ Hydrothermal carbonization
(HTC) is a thermochemical conversion
process with temperature, pressure and
duration time range from 160 to 250°C
in close system. Hydrothermal
carbonization converts lignocellulosic
biomass including cellulose,
hemicellulose and lignin to producing
carbon support materials by hydrolysis
and dehydration reaction.®’ The
lignocellulosic structure in biomass was
removed and gave porosity on carbon
materials. In this research, sawdust
from wood furniture was synthesized
into carbon support materials by
hydrothermal carbonization at 160-
200°C. The MoS: catalyst for jatropha
oil residue upgrading was prepared by
loading MoS: on carbon support
materials via impregnation and
pyrolysis technique at 300-500°C in N
atmosphere.

2. Materials and Methods
2.1 Sawdust pre-treatment

Sawdust from wood fumiture
was milled and dried at 90°C for 24 hr.
Mixing 30 g of sawdust with 120 ml of
deionized water (water to biomass
ratios of 4:1) and loaded into reactor for
HTC. The temperature for sawdust
treatment was set at 200°C for 24 hr.
The reactor was quenching in water to
stop the reaction immediately then the
products were dried at 90°C for 24 hr.
2.2 Catalyst preparation

Molybdenum disulfide catalyst
was prepared by mixing between 40
mmol of thiourea (CHsN:2S) and 1
mmol in deionized water of ammonium
molybdate tetrahydrate ((NH4)sM07024
‘4H>0). The precursor catalyst was
loaded on carbon support materials by
impregnation process at 80°C and dried
at 90°C for 24 hr. MoS: was formed
with pyrolysis at 300-500°C for 2 hr
under N2 atmosphere.
2.3 Measurement
The morphology of carbon support by
hydrothermal carbonization (HTC) and

pyrolysis were characterized by
scanning electron microscope (SEM)
and the functional group in
lignocellulosic under HTC treatment
were investigated by fourier transform
infrared spectroscopy (FT-IR). Finally,
jatropha oil residue upgrading were
analyzed oxygenated, fatty acid and
hydrocarbon compounds by pyrolyzer
gas chromatography mass spectroscopy
(Py-GC/MS).

3. Results & Discussion
3.1 Hydrothermal carbonization and
pyrolysis of carbon support material
Figure.l shows the functional
group from FT-IR analysis of sawdust
under hydrothermal carbonization. At
3350 c¢cm’!' indicates OH stretch in
cellulose, hemicellulose and lignin. At
2922 cm™ indicates CH stretch in
cellulose. At 1634-1328 cm™! indicates
C=C aromatic and CH: bending of
lignin. At 1200-950 cm™ indicates C-O
stretch in hemicellulose. At 900-700
cm” indicates CH bending. The C-O
peak has been decreased and
disappeared in pyrolysis under N; air by
using high temperature. Decreasing of
OH and C-O peak show that
hemicellulose in lignocellulosic has
been decomposed with hydrolysis and
dehydration reaction in HTC reaction
over than 180°C. At C=C aromatic and
CH: bending peaks has been changed
slightly because both peaks are lignin
structures and high stability.
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C-H Stretch 2822 o' bending 16341328 cm '

*\,.4—,;::; ) \

| .“T* ™y

180°C 24hr
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Transmittance (a.u)
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T evemmber )

Figure 1. FTIR Analysis of sawdust

after hydrothermal carbonization at
160, 180 and 200°C for 24hr
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Figure.2 shows the functional
group from FT-IR analysis of sawdust
under pyrolysis process. At 3350 cm™
indicates OH stretch in cellulose,
hemicellulose and lignin. At 2922 cm’’
indicates CH stretch in cellulose. At
1634-1328 cm!  indicates C=C
aromatic and CH2 bending of lignin. At
1200-950 cm™ indicates C-O stretch in
hemicellulose. At 900-700 cm’
indicates CH bending. The C-O, C=C,
CH: bending, CH stretch and OH
stretch peak has been decreased
dramatically in pyrolysis under N air
by using high temperature. Decreasing
of all peaks show that increasing of
carbon content and porosity on sawdust
from decompose of lignocellulosic
structure in pyrolysis process.

O-H Stretch 3360 o' C=C- Aromatic an d CH,
\ C-H Stretch 2927 om'  bending 1634-1328 om '
il
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i
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g ¥
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Figure 2. FTIR Analysis of sawdust
after hydrothermal carbonization at
200°C for 24hr and pyrolysis at
different temperature for 2hr

Figure.3 shows the morphology of
catalyst from hydrothermal carbonization
and pyrolysis process. The lignocellulosic
structure was decomposed by increasing of
temperature in HTC and pyrolysis reaction.
The MoS; particle has been appeared on the
surface of carbon support materials. SEM
micrograph reveals that the average particle
size measure by Imagel] software are 2.73,
2.77,2.79,2.22 and 1.28 ymin A, B, C,D
and E image, respectively. The MoS:
particle size was decreased due the
increasing of temperature in pyrolysis
reaction. in Table.1

Table.1 Percentage of Molybdenum (Mo)
and Sulfur (S) in MoS: on carbon support
materials

Pyrolysis Mo (Yewt) S (Y%wt)
300°C 3.04 245
350°C 3.7 1.67
400°C 7.54 2.64
450°C 7.52 2.77
500°C 8.22 3.89

Table.l indicate that the increasing
percentage of molybdenum and sulfur in
MoS: at high temperature in pyrolysis
reaction. Increasing  of  pyrolysis
temperature results in more dispersion of
the particles on the surface because the
carbon support is high porosity from
decomposing of lignocellulosic in pyrolysis
reaction

Figure 3. SEM image (1000X) of catalyst on sawdust from hydrothermal
carbonization at 200°C for 24 hr and pyrolysis under N> atmosphere for 2 hr (A)
300°C (B) 350°C (C) 400°C (D) 450°C and (E) 500°C
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Figure 4. The total compound of jatropha oil residue by using MoS; catalyst (loaded
on carbon support) from pyrolysis under N> atmosphere for 2 hr

3.2 Jatropha oil residue upgrading

Figure.4 shows the organic
compounds in jatropha oil residue after
catalytic pyrolysis using MoS; (loaded
on carbon support) by pyrolyzer gas
chromatography mass spectroscopy
(Py-GC/MS). The total oxygenated
compound including fatty acid, ketone,
alcohol, aldehyde, and nitrogen
oxygenated compounds in jatropha oil
residue upgrading were decreased by
using MoS: loaded on carbon support.
In contrast, the total hydrocarbon
compounds  including  aliphatics,
olefins and aromatics were increased.
As a result, sawdust pyrolyzed at 400°C
can reduce fatty acid compounds about
8%. Decreasing of the total oxygenated
compound  indicate  that  the
hydrodeoxygenation reaction between
MoS; catalyst. Molybdenum disulfide
remove oxygen molecule in total
oxygenated compound with
hydrogenation and hydrogenolysis in
hydrodeoxygenation reaction. As a
result, hydrocarbon compound
(aliphatics, olefins and aromatic) has
been increased and the quality of
jatropha oil is high stability.

4. Conclusion

The MoS; catalysts have been
successfully synthesized and loaded on
carbon support materials from sawdust via
hydrothermal carbonization and pyrolysis
reaction. Fatty acid compounds in jatropha
oill residue were transformed to
hydrocarbons via catalytic pyrolysis using
MoS: catalyst supported on carbon.
Approximately 8% of fatty acid compounds
were reduced after catalytic pyrolysis
process compare to 59.25% of fatty acid
compounds in the original jatropha oil
residue.
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Abstract

Molybdenum disulfide (MoS;) catalyst has been successfully synthesized for carbon support from
lignocellulosic in sugarcane bagasse using hydrothermal carbonization and calcination techniques. The
hydrothermal carbonization of lignocellulosic material into carbon support was studied between 160 to 200
°C for 24 h. The MoS; precursor is prepared by mixing thiourea and ammonium molybdate tetrahydrate
then impregnate on carbon support. Surface area and carbon content from lignocellulosic structure as
hemicellulose and cellulose were improved at high temperature via hydrothermal carbonization and
calcination. The hydrodeoxygenation reaction in molybdenum disulfide catalytic upgrading was studied
oxygenated compounds in jatropha oil residue using pyrolyzer gas chromatography mass spectroscopy
(Py-GC/MS). It showed that the molybdenum disulfide on carbon support from sugarcane bagasse prepared
at 200 °C for 24 h can reduce oxygenated compounds in jatropha oil residue.

KEYWORDS: Molybdenum disulfide; Hydrothermal carbonization; Sugarcane bagasse; Pyrolysis

*
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Introduction

At present, renewable energy sources such as
biofuels are more important from the shortage of
energy sources such as fossil fuel and environmental
pollution awareness. Bio-oil can be extracted from
lignocellulosic structure in biomass by fast pyrolysis
process at high temperature rapidly and give bio-oil
yield approximately 75% [1]. The bio-oil
characteristics are dark brown, high viscosity and
contained many complex elements from biomass
materials. Jatropha oil is a kind of biofuel that can
be extracted from jatropha seed residue [2]. There
is a tendency to utilize bio-oil in place of biodiesel
because the heating value is similarly. However,
utilization of bio-oil in engine directly is not
suitable due to its high acidity and oxygen content [3
— 4]. Hydrodeoxygenation (HDO) is the process of
removal oxygen atoms in a form of water molecules
using metal catalyst, hydrogen in pressure range of

2 — 10 MPa and temperature between 300 — 450 °C
which improves chemical stability of bio-oil [5—
6]. The molybdenum disulfide (MoS;) is a metal
catalyst used in industrial applications for
improvement of bio-oil via hydrodeoxygenation
reaction because of its high activity and low cost.
The molybdenum disulfide (MoS;) catalyst is most
often supported on y-Al;Os This support has high
surface area and strong bonding from Al-O but the
disadvantage is high acidity and coking reaction
which result in reduced efficiency in
hydrodeoxygenation [6 — 7]. The carbon support
from biomass are good candidates as catalyst
support due to its diverse porous characteristic,
high resistance to acid, abundant sources and no
coking reaction in hydrodeoxygenation. Sugarcane
bagasse is a by-product agricultural waste from
sugarcane  extraction. It contains  mostly
lignocellulosic compound including cellulose,
hemicellulose, lignin and extractives that contain
polyphenol. Sugarcane bagasse can be used in
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paper production, wood furniture and support for
metal catalyst. For example, sugarcane bagasse
was used to synthesis magnetic carbon composites
for absorption of tetracycline by hydrothermal
carbonization [8]. Hydrothermal carbonization
(HTC) is a thermochemical conversion process using
temperature between 160 — 250 °C, and pressure at
4 - 22 MPa in closed-system. This process
converts lignocellulosic structure with hydrolysis
and dehydration reactions to produce carbon support
[9 = 10]. The lignocellulosic as cellulose and
hemicellulose were changed to monomer-chains and
gave porous structure on carbon support. In this
research, sugarcane bagasse was synthesized into
carbon support by hydrothermal carbonization
using temperature between 160 - 200 °C.
Molybdenum disulfide catalyst was used for
jatropha oil residue upgrading. The catalyst was
prepared by loading MoS; on carbon support via
impregnation and pyrolysis at 300 — 500 °C under
N; atmosphere.

Materials and Methods

Sugarcane bagasse was milled and dried at 90 °C
for 24 h. 30 g of sugarcane bagasse was mixed with
120 ml of deionized water (water to biomass

Results and Discussion
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ratios of 4:1) and loaded into reactor for HTC. The
temperature for sugarcane bagasse treatment was
applied at 160 — 200 °C for 4 — 24 h. After HTC,
the reactor was quenched in water to stop the
reaction immediately then the products were dried
at 90 °C for 24 h. Molybdenum disulfide catalyst
was prepared by mixing 40 mmol of thiourea
(CH4N-S) and 1 mmol of ammonium molybdate
tetrahydrate ((NHs)¢Mo07024-4H;0) in deionized
water. The precursor catalyst was loaded on carbon
support materials by impregnation process at 80 °C
and dried at 90 °C for 24 h. MoS; was formed with
pyrolysis at 300 — 500 °C for 2 h under N
atmosphere heating rate 10 °C min™. The
morphology of carbon support by hydrothermal
carbonization (HTC) and pyrolysis were
characterized by scanning electron microscope;
SEM (EVO®MAI10) and the functional group in
lignocellulosic under HTC treatment were
investigated by fourier transform infrared
spectroscopy; FT-IR (Perkin Elmer UATR Two).
Finally, jatropha oil residue upgrading products
were analyzed for oxygenated, fatty acid and
hydrocarbon compounds by pyrolyzer gas
chromatography mass spectroscopy; Py-GC/MS
(Shinmadzu GCMS-QP2010 Plus) and pyrolyzer
(Py-2020).
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Fig. 1 FTIR Analysis of sugarcane bagasse after hydrothermal carbonization at 160, 180 and 200 °C
for4,8,12 and 24h
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Fig. 1 shows the functional group from FT-IR
analysis of sugarcane bagasse under hydrothermal
carbonization. At 3350 cm™ indicates OH stretch
peak in cellulose, hemicellulose and lignin. At
2922 em™ indicates CH stretch peak in cellulose.
At 1634 — 1328 cm™ indicates C=C aromatic and
CH; bending peak of lignin. At 1200 — 950 cm™
indicates C-O stretch peak in hemicellulose. At
900 — 700 cm™ indicates CH bending peak. The
OH and C-O stretch at 160 °C has been slightly

changed because HTC temperature is too low for
decomposition. At 180 °C, The C-O and OH peak
has been decreased and reduced dramatically at
200 °C. Decreasing of OH and C-O peak show that
hemicellulose in lignocellulosic has been
decomposed with hydrolysis and dehydration
reaction in HTC reaction. At C=C aromatic and
CH: bending peaks has been slightly changed
because both peaks are lignin structures and high
stability.

Fig. 2 SEM image (500X) of catalyst on sugarcane bagasse from hydrothermal carbonization

(A) 160 °C for 4 h, (B) 160 °C for 8 h, (C) 160 °C for 12 h, (D) 160 °C for 24 h

(E) 180 °C for 4 h, (F) 180 °C for 8 h, (G) 180 °C for 12 h, (H) 180 °C for 24 h

(1) 200 °C for 4 h, (J) 200 °C for 8 h, (K) 200 °C for 12 h, (L) 200 °C for 24 h

Fig. 2 indicates the morphology of sugarcane
bagasse after hydrothermal carbonization.
Lignocellulosic as cellulose and hemicellulose
were decomposed due to increasing of HTC
temperature and duration time. Decomposition of
lignocellulosic in sugarcane bagasse indicate that
the particle on biochar surface. It is caused by
hydrolysis and dehydration reaction in HTC with
lignocellulosic. B-1,4 glycosidic bond in
hemicellulose and cellulose will change into a
monomer structure such as mannose, galactose,
glucose and xylose [4].

Fig. 3 shows the percentage yield of biochars
from sugarcane bagasse after hydrothermal
carbonization. Increasing of HTC temperature and
reaction time resulted in biochars yield decreases
and yields approximately 57% at 200 °C for 24 h.

The mass yield was changed from solid to liquid and
gas phase. Liquid phase consists of glucose,
mannose, sucrose etc. was produced by hydrolysis
process of cellulose and hemicellulose of
sugarcane bagasse in hydrothermal carbonization
process [4]. The amount of liquid and gas phase
that will change depends on the temperature and
duration time in hydrothermal carbonization.

Fig. 4 indicates the functional group from FT-
IR analysis of sugarcane bagasse under pyrolysis
process. At 3350 cm™' shows OH stretch peak in
cellulose, hemicellulose and lignin. At 2922 cm™
shows CH stretch peak in cellulose. At 1634 — 1328
cm™' shows C=C aromatic and CH: bending peak of
lignin. At 1,200 — 950 cm™' shows C-O stretch in
hemicellulose. At 900 — 700 cm™

324



P. Sumtong / Journal of Materials Science and Applied Energy 7(3) (2018) 322 —327

shows CH bending peak. At 470 cm™ shows Mo-S
peak of MoS,. The C-O, C=C aromatic and CH»
bending has been decreased dramatically. While,
CH stretch and OH stretch peak has been
disappeared in pyrolysis under N; atmosphere by
using high temperature. Decreasing of all peaks
show that increasing of carbon content and
porosity on sugarcane bagasse from decompose of
lignocellulosic structure in pyrolysis process.
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Fig. 3 The percentage yield of biochars from
sugarcane bagasse with hydrothermal carbonization
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Fig. 4 FTIR Analysis of sugarcane bagasse after

hydrothermal carbonization at 200 °C for 24 h and
pyrolysis at different temperature for 2 h

Fig.5 shows the morphology of catalyst and
carbon support from hydrothermal carbonization
and calcination. The lignocellulosic in carbon
support has been decomposed dramatically at high
temperature and molybdenum salt on surface
changed to molybdenum disulfide particle. The
MoS; particle has been appeared on the surface of
carbon support materials and particle size

decrease at high temperature. SEM

Fig. 5 SEM image (1000X) of catalyst on sugarcane bagasse from hydrothermal carbonization at
200 °C for 24 h and pyrolysis under N, atmosphere for 2 h (A) 300 °C (B) 350 °C (C) 400 °C

(D) 450 °C and (E) 500 °C

micrograph reveals that the average particle size
measure by ImageJ software are 2.70, 2.79, 2.68,
2.24 and 1.25 pym in A, B, C, D and E image,
respectively. The MoS; particle size depend on
increasing of temperature and heating rate in
calcination. At calcination temperature, cellulose
and hemicellulose has been eliminated while the
highly stable structure of lignin begins to
decompose range of 350 °C.

Table 1 shows the increasing percentage of
molybdenum and sulfur in MoS; as temperature is
increased in pyrolysis process. Increasing of
pyrolysis temperature results in higher dispersion
of the MoS; particles because the carbon support is
high in porosity from decomposition of
lignocellulosic in pyrolysis process. Increasing
dispersion of the particle indicates that carbon
support from sugarcane bagasse has high surface area.
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Table 1 Shows percentage of Molybdenum (Mo)
and Sulfur (S) in MoS; on sugarcane carbon
support

Pyrolysis Mo (%ewt) S (%wt)
300 °C 3.10 2.39
350°C 5.65 1.73
400 °C 7.44 2.69
450 °C 7.58 2.80
500 °C 8.15 3.78

Fig. 6 shows the organic compounds in
jatropha oil residue after catalytic pyrolysis using
MoS; (loaded on carbon support from using
sugarcane  bagasse) by  pyrolyzer gas
chromatography mass spectroscopy (Py-GC/MS).
The total oxygenated compounds including fatty
acid, ketone, alcohol, aldehyde, and nitrogen
oxygenated compounds were reduced by using
MoS; loaded on carbon support. While the total

hydrocarbon compounds including aliphatic,
olefins and aromatics ring were increased. Catalyst
on carbon support pyrolyzed at 400 °C reduces
fatty acid compounds about 14%

compared with jatropha seed (raw). Decreasing of
the total oxygenated compounds (fatty acid and
oxygenated) indicates the hydrodeoxygenation
reaction by MoS; catalyst on carbon support.
Molybdenum disulfide removes oxygen molecules
in oxygenated compounds via hydrogenation and
hydrogenolysis in hydrodeoxygenation reaction. As
a result, hydrocarbon compounds (aliphatic, olefins
and aromatic) increased and the quality of
jatropha bio-oil is improved. MoS; catalyst
structure including the Mo-S like a sandwich
planar can assist reaction between the hydrogen
molecule and oxygenated compound via sulfur
vacancies. After that, hydrogen molecule on MoS;
will react with the oxygenated compound through
hydrogenation process and remove H:O by
hydrogenolysis reaction, respectively [6 — 7]. Asa
result, hydrocarbon compounds (aliphatic, olefins
and aromatic) are increased and the quality of
jatropha oil is improved.

Total Compounds of Jatropha seed residue from using carbon support from Bagasse via
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Fig. 6 The total compound of jatropha oil residue by using MoS; catalyst (loaded on carbon support)

from pyrolysis under N; atmosphere for 2 h

Conclusion

The MoS; catalysts have been successfully
synthesized and loaded on carbon support from
sugarcane bagasse via hydrothermal carbonization
and pyrolysis process. Fatty acid compounds in
jatropha oil residue were changed to hydrocarbon
compounds using MoS; catalyst supported on carbon
support at 400 °C via hydrodeoxygenation reaction.
Approximately 14% of fatty acid

compounds were reduced after catalytic pyrolysis
process compared to the original jatropha oil residue.
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Abstract. Molybdenum disulfide (MoS,) catalyst on carbon support from varying ratio of sawdust and
sugarcane bagasse has been successfully synthesized by hydrothermal carbonization and calcination
process. Hydrothermal carbonization of lignocellulosic structure into carbon support is investigated at
200 °C for 24 hr and calcination at 600 °C for 2 hr. The precursor of MoS; catalyst is prepared using
thiourea (CH4N,S) and ammonium molybdate tetrahydrate ((NH4)sM07024 - 4H,0) loaded on carbon
support. The lignocellulosic structure as hemicellulose and cellulose is changed at high temperature via
hydrothermal carbonization and calcination. The distribution of molybdenum disulfide on carbon support
is varied based on morphology and functional group of carbon support. The morphology and functional
group were analyzed using Scanning Electron Microscope (SEM) and Fourier Transform Infrared
Spectroscopy (FTIR). It shows that carbon support at equal ratio (1:1) of sawdust and sugarcane bagasse
is an optimum ratio with high distribution of molybdenum disulfide catalyst on carbon support.

Introduction

The molybdenum disulfide (MoS;) catalyst is used in hydrodeoxygenation process [1,2] such as bio-
oil upgrading and etc. because its activity and cost effectiveness. MoS; catalyst is most often supported
on y-Al>O; but alumina support material is highly acid and accelerates coking reaction [3]. Carbon support
from natural materials such as sawdust and sugarcane bagasse are good candidates as carbon catalyst
support due to their diverse porous structure, good resistance to acid, abundant source, low cost and no
coking reaction. Sawdust is a by-product of sawing which is a fine wood powder. It contains mostly
organic compounds from lignocellulosic including cellulose, hemicellulose and lignin that contains
polyphenols. For example, Pines sawdust and fir trees treated with sodium hydroxide (NaOH) and sodium
carbonate (Na>CQOs) is utilized to absorb copper and zinc. Wood sawdust from coconut trees is modified
by hydrothermal carbonization and reacted with sulfuric acid (H,SO4) to use as absorber for nickel and
mercury [4]. Sugarcane bagasse is a by-product agricultural waste from sugarcane extraction. It contains
polyphenol fromlignocellulosic and can be used in paper production, wood furniture and as carbon
support for metal catalyst. For example, magnetic carbon composites for absorption of tetracycline is
synthesized by hydrothermal carbonization from sugarcane bagasse [5]. Mixing ratio of two raw materials
such as sewage sludge (SS) and pinewood sawdust (PS) for synthesis of carbon support with hydrothermal
co-carbonization at 220 °C with varying ratio of raw materials can increase the carbon content in carbon
support [6].

Hydrothermal carbonization (HTC) is a thermochemical conversion process with temperature between
160 to 250 °C in closed system [7,8]. It converts lignocellulosic including cellulose, hemicellulose and
lignin by hydrolysis and dehydration reactions to produce carbon support material.

All rights reserved. No part of contents of this paper may be reproduced or transmitted in any form or by any means without the written permission of Trans Tech
Publications, www .scientific.net. (#111841276-22/12/18,09:45:34)



Materials Science Forum Vol. 940 36

The lignocellulosic structure in biomass is changed and porous structure is formed on carbon material. In
this research, sawdust and sugarcane bagasse was synthesized into carbon support material by
hydrothermal carbonization at 200 °C for 24 hr. The MoS; catalyst was prepared by loading MoS; on
carbon support materials via impregnation and calcination technique at 600 °C for 2 hr in N> atmosphere.
The morphology and functional group of carbon support were analyzed using Scanning Electron
Microscope (SEM) and Fourier Transform Infrared Spectroscopy (FTIR).

Experimental

Sawdust from rubber tree from production of wood furniture and sugarcane bagasse from sugarcane
agricultural waste were milled and dried at 90 °C for 24 hr to remove moisture from the starting materials.
30 g of raw materials were mixed with 120 ml of deionized water (water to biomass ratios of 4:1) and loaded
into reactor with varying ratio of sugarcane bagasse (B): sawdust (S) at 1:4, 1:1 and 4:1. Temperature in
HTC treatment was set at 200 °C for 24 hr. After HTC, the reactor was quenched in water to stop the
reaction immediately then the products were dried at 90 °C for 24 hr. The MoS; precursor was prepared
by mixing 40 mmol of thiourea (CHsN,S) and 1 mmol of ammonium molybdate tetrahydrate
((NH4)sMo070,4 .4H,0) from Carlo Erba in 50 ml of deionized water. Catalyst precursor was loaded on
carbon support materials by impregnation process at 80 °C and dried at 90 °C for 24 hr. MoS; on carbon
support materials were formed to catalyst with calcination at 600 °C for 2 hr under Nz atmosphere, heating
rate 5 °C min’'. The morphology of carbon support and distribution of MoS, by hydrothermal
carbonization (HTC) and calcination were characterized by Scanning Electron Microscope (SEM)
EVO®MAI10 and the functional group of lignocellulosic under HTC treatment were investigated by
Fourier Transform Infrared Spectroscopy (FTIR) PerkinElmer UATR Two.

Results and Discussion

The FT-IR spectra of carbon supports from hydrothermal carbonization at varying ratio of sawdust to
sugarcane bagasse are shown in Figure. 1. The functional groups in lignocellulosic materials  are
identified. The band at 3350 cm™ indicates OH stretch in cellulose, hemicellulose and lignin. At 2922
cm! indicates CH stretch in cellulose. C=C aromatic and CH bending of lignin present at 1634-1328 cm’
|, At 1200-950 cm”' indicates C-O stretch in hemicellulose. The C-O peak has been decreased and
disappeared after calcination using high temperature under N as shown in Figure. 2. Decreasing of OH
and C-O peak show that hemicellulose in lignocellulosic has been decomposed with hydrolysis and
dehydration reaction in HTC reaction at 200 °C. The C=C aromatic and CH; bending peaks are slightly
changed because both peaks are from lignin structures which have high thermal stability. Water vapor at
200 °C could be responsible for hydrolysis of organics which can further be catalyzed by acid or base. A
drop in pH during hydrothermal carbonization of biomass is due to formation of variety of acids like
acetic acid, levulinic acid, formic acid and lactic acid which are desirable for hydrolysis and
decomposition of oligomers into smaller fragments.

Hemicellulose and cellulose from raw materials are transformed into hydrochars. The hydronium ion
(H") can be generated and lead to hydrolysis of carbohydrates. Sucrose and starch are responsible for the
formation of hydrocarbon products. Sucrose undergoes hydrolysis and led to the formation of glucose and
fructose while starch hydrolyzes to maltose. The decomposition of glucose and fructose leads to the
formation of organic acids (e.g., acetic, lactic, 2-propenoic, levulinic, and formic acids).
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Figure 1. FTIR spectra of carbon supports at various mixing ratio of sawdust and sugarcane bagasse
from hydrothermal carbonization at 200 °C for 24 hr.

Figure. 2 shows the functional groups from FT-IR spectra after calcination process. The C-O, C=C,
CH; bending, CH stretch and OH stretch peaks have been decreased dramatically in allcarbon supports
after calcination under N> atmosphere at high temperature. These confirmed the decomposition of
lignocellulosic as cellulose, hemicellulose and lignin at 600 °C. At 3350 cm™' indicates OH stretch in
cellulose, hemicellulose and lignin. At 2922 cm™ indicates CH stretch in cellulose. At 1634-1328 cm!
indicates C=C aromatic and CH: bending of lignin. At 1200-950 cm indicates C-O stretch in
hemicellulose. Decreasing of all peaks indicate the increasing of carbon content and porosity from
decomposition of lignocellulosic structure in calcination process.
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Figure 2. FTIR spectra of carbon supports after hydrothermal carbonization at 200 °C for 24 hr and
calcination at 600 °C for 2 hr under N, atmosphere.

Figure. 3 shows the morphology of carbon supports from sawdust and bagasse with varying ratio of
raw materials after hydrothermal carbonization at 200 °C for 24 hr. The lignocellulosic structure is
decomposed and the main components as cellulose and hemicellulose are converted at B-1,4 glycosidic
bond by hydrolysis and dehydration reaction in HTC process. The carbon content of carbon from CHN
analysis after HTC of varying raw materials show that in Table 1.
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Figure 3. SEM images of carbon supports after hydrothermal carbonization at 200 °C for 24 hr
(A) B4S1 (B) B1S1 (C) B1S4 (D) Sawdust and (E) Sugarcane bagasse.

Table 1. CHN analysis of sawdust and sugarcane bagasse after hydrothermal carbonization at 200
°C for 24 hr.

Conditions %N %C %H %0 H:C O:.C

Bagasse 200°C 24hr | 0.58 | 57.53 5.41 36.49 1.13 0.48
Sawdust 200°C 24hr | 332 | 54.65 6.22 35.82 1.37 0.49
B154 200°C 24hr 2.72 | 5234 4.24 40.70 0.97 0.58
B1S1 200°C 24hr 264 | 5924 | 473 33.39 0.96 0.42
B4S1 200°C 24hr 1.65 | 57.99 | 4.37 35.99 0.90 0.47

CHN analysis results are reported in Table. 1. The highest percentage of carbon content after
hydrothermal carbonization is in B1S1 carbon support at 59.24%. The percentage of carbon from
various mixing ratio of sawdust and sugarcane bagasse has been affected even at the same HTC
conditions. The O:C in B1S1 has been decreased more than other conditions due to transformation of
hemicellulose and cellulose in the starting materials to hydrochars. The decomposition of glucose and
fructose leads to the formation of volatile organic acids (e.g., acetic, lactic, 2-propenoic, levulinic, and
formic acids). As a result, carbon content of hydrochars has been increased.

Figure 4. SEM images of carbon supports after hydrothermal carbonization at 200 °C for 24 hr and
calcination at 600 °C for 2 hr under N, atmosphere (A) B4S1 (B) B1S1 (C) B154 (D) Sawdust and
(E) Sugarcane bagasse

Figure. 4 shows the morphology of molybdenum disulfide catalyst on carbon support from
hydrothermal carbonization and calcination process. The lignocellulosic structure in carbon support was
decomposed dramatically from high temperature in calcination reaction. The distribution of
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MoS; particle has been appeared on the surface of carbon support and depends on the heating rate used
in calcination process. B1S1 distributes molybdenum disulfide uniformly on carbon support because
the equal mixing ratio of sawdust and sugarcane bagasse gave high carbon content and hydrothermal
carbonization and calcination reactions were performed equally on both raw materials

Summary

Molybdenum disulfide catalysts have been successfully synthesized from thiourea and ammonium
molybdate tetrahydrate precursor impregnated on carbon supports made from hydrothermal
carbonization and calcination of sawdust and sugarcane bagasse. At various mixing ratio of two raw
materials affects morphology and porosity of carbon support. Hydrothermal carbonization enhances
hydrophilic and hydrophobic properties on hydrochars due to high concentration of oxygenated
functional groups (OFG). Calcination improves carbon support materials by increasing carbon content
and porosity due to higher degree of lignocellulosic structure decomposition at high temperature. The
distribution of MoS; catalyst on carbon support depends on and heating rate and the ratio of raw material
between sawdust and sugarcane bagasse.
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