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Abstract

Bio-oil can be obtained from fast pyrolysis biomass has several unusual
characteristic such as high acid and high oxygen content which cause bio oil not
proper to use as a fuel. In this research MoS, support on carbon material was
prepared for the upgrading bio oil via impregnation method on carbon support from
biomass. Hydrothermal process which aims to convert biomass into value products.
This process usually performed in water and produces the product, namely
hydrochar. In this research, bagasse were executed by hydrothermal at 140 °C 160 °C,
180 °C and 200 °C for 2, 4, 8 and 24 hours each to enhance the porosity of their
products. High porosity is well-known desirably for enhancing efficiency of supporting
agents since it can load more catalyst quantity. After finishing hydrothermal process,
the reactor which carried bagasse was quenching in order to inhibit the reaction
inside. Then, the hydrochar was impregnated by Mo-Tu precursor and carbonized at
450 °C for 2 hours under nitrogen atmosphere to stabilize the metal phase and
turned hydrochar into carbon support. MoS,/carbon was characterized by scanning
electron microscopy and pyrolyzer gas chromatography/mass spectroscopy. Pyrolysis
of jatropha residue in the presence of catalyst, the supported material which
obtained from hydrpthermal process at temperature 200°C for 8 hours can reduce

most oxygenated compound.
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lauwannlsd (waglules) uaglndusamilsd Fudlddiu n = 3 fis 10 wagleaillasadradu

HANLAZ AUV IUADNTALAZAN
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2.4.1.2 \gliwaglag

Indugannlssdaisuuginmiveunindu 5 Tuluweamlsdsue falaauay
feylulua uaganiueuwiiu 6 luluwgaalsdsiuds Aunulug dnuanlnauasiinglea T
Tuwgaanlsdiifimsueuiniu 5 fSwaunnnd Tuluwseadlsdfifianduouviiiu 6 gns
Tmaqa‘lmmaﬁaﬁa (CsHgO4q)N Lﬁaamnﬁﬂﬁiwémai“l‘sw*ﬁ’wmLaﬁwag‘[aawhﬁ’u 50-200 lag
fvwmanningaglaa Jemnsoaaeiusslddienineaglea uaz elwaglaalusuy
wnanunsaazangldluasazateiva LefiwaglaaviluAelouan desznoudielelaade
Wusy1,4 wiwaglaaduqlaun ngleuuuuuu aglsfnumaglaamuatufuriawazdiu

=
YDINY

2.4.1.3 andiu

]
=) s

a1suszneuiivszneusiy  gilaWdalnsinunazeuius  Fateuduluands

U

1%
s

Tnssaatiududeunasdalsifinmdloos1uiods Tnssadnauiiituenilesaaelasgain
wazansiadl uenandudsiinuudussmananaznistasiusaume waglad eiliwaglaa
wardnflugnwuetheanaluasdiniasinmey asunaInISUBUSS IR IUIUNINLNEUY
lan

2.4.1.4 uls
w 2 o & W a = l i )
anewaglaa wludulndusaailsnnusenausisyiinvesinglaa uigniiouiy
Inenfuszueavinglaledn esnanusiveddasaiiiuseigagladazaiod usunsay
yasutaarazareluiiou (evlulaaniviminluanasius 10,000 auiis 50,000 Uszana
10%-20% vewl) uagursdwiliazans (eglulawndu defidiminluanasiaus 50,000 e
100,000 Usz3104 80%-90% vawwda) ulsgnwuluda 10 wazdrsu Feiiofuemns

2.4.1.5 Wsiu

[ = o @ a € v W @

Juarsusenevluanavuwinlug@ensnerdluvaiedignindeslsdidndieiu
AaulRRiuTuivrinvensnevilulagdnsndinvesesdussnaureensnosilulasasiu
vodlndlueslaudu

2.4.1.6 @159uq (Buniduazaiunid)

USunawasasusznaudunsgdugiivainuaiy a1sdunsgnisiuiuannlann nd

wosen uarylasaludesuarduiv fMeod1edu wWu damaseil swning woslu wasdins

faihegnuanswarilladesusnuaunnilesnldiduduneauveseiasiiuiatulsenay
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3/

ldearsusznevduvdluanavuiaivg usdaseneuseansedunidiu i luduau

ey smlaveiugloun uradoy Tnuveden veaneda unniiden ddneu eglilloy

wianuaylaae
C'HgOH CH CH;GH CH,0H CH,0H CH.0H
HO 0 0 0
OH OH H H
0 0 0 ”
CH,0H CH C’H; OH OH OH
(a) Cellulos (b) Starch sugar chain
‘.G | } 1
w G O m{}m 4
CH;0
lean sugar chain (d) Lienin structure unit (phenvlpropane

P b4 = s =
AN 2.4 Iﬂ'i\?ﬁ'i'NV}'NLﬂlﬁ]'e]ﬁﬂ’]‘iﬂ'ﬁ%ﬂﬂUWﬁﬂ’Uﬂﬂﬂ?i‘U'ﬁN?ﬁ

2.4.2 mswasuwlaswasnisiauselevintaaiivesdiauoa

2.4.2.1 msUasuwlamenienIn

msWdsuwlamieniean launnsunuaznisidlediieaarslassadiwesii
waiev iR Rty Welsenszuaumsmaetl AruFeunasdinin faonaung
wanann ﬂ’iiﬂULLﬁdLLﬁSﬁ’)UﬂNﬂ’J’lﬁJ‘ﬁULﬁmﬁlﬁm?’mazﬂ?ﬂlﬂﬂﬁ‘ﬂug’lﬂuasmﬂﬁu

2.4.2.2 nswWasunlamiaail

nsilAsundasmaaiivansianislelaslada niseendmdu n1swealnd
nsvvunsasveluwiu mslnlslafauasufnsenlalasimestamfuslueduiiioaaisans
e Tanflamsdaasei wedwaslsiedu lelastwdu teadraluanalmivieusuleans
Fnna

2.4.2.3 nswWasuLUamIaanIw

nsasunlasstinmadlugnunefanssuisnisudn wwu weniuea dwu

pralaudiuea lalasiau Wusu [10]
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2.5 nszulumsialasmasianisualuwdunisualuidu
nszuumslalasweidamsveluduasvslueduidunssuiunisnisgumed Jeag
WasUNINTIWE Fanszurunsialasimesiamisuslutuarsusluwduaziasuninees

Funalveglunmvsawandafiussnausmeaisueu [11] 91duauiau Ay wag Ui

i
o aaa T W a

viujnsen) lumsijiten eaminliduediuianiuiu 919egsenine 150-350 °C Tu

U
s a L3 a =i o aaa 1 & = v =l
daufnsnl (ssuulie) fsseznalunmahufnsentuddue) Waulwaiedalus wazdieny

suneluiaunsaluszana 10 uis sewinssuiumslelasmesiamsveluleduaisusluw

Fuaziinuise el

2.5.1 Ujisenlelaslads

a =

Ujiselelasladadunsvililuanavenit (H,0) luvhufiserduanstanadiedi

Ineluanauninllviranewussvesdniiy, waglaa was wliwaglaa Jadudnusznaului
v A | e 1 ' =l & 1al
1a nusEdefiuluaialdeny Quanavuialyg) wWisuluaeldfiduas (uanasuin
=]
LiNaa)
2.5.2 Ujfsenfilawnstu

Junisidaluanavesi (H,0) san dewalviiusunamiueu (Carbon content, %C)

1NTU VIeonbukanieAaiunisidneandaulunineeiin

2.6 N3zUIUNITANSUBLULYT
nsrviumiasveluetudenisildsuianiegluninvesarsdunidliegluninues

AsUBUHNUNSW iRt eravimamaluiluanizineseunileendauvseusidain

2
= s ot

ONTLIU ﬂixmumimi‘ua‘Luw%Juﬁ’u%ﬁai'm'l,um‘iﬁua%ﬁdimaa%’wgwguﬂummaﬂ N9

5

Asvalultuiiua vawinuisumeviaigungil 200 °C @wesdusznounanlaun

waglaa, tedilwaglaa wazdnfuaaigdiianinvounaluasuiadslsznauniy

=i

asueuueuenlgduasariuaulaeenlenilundnioamall 200-500 °C  Humaliimdn

9

anaseg199aL5[12)
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2.6.1 Uadedusunszulrunisansusluwwdu

2.6.1.1 auunil

o

< a o v a o = a 1 e ¢ v

ngungliaazviluldlinaniafiesnundviuiauin wiviuiunsueuies
Tumenduiufiuiguvgligauandeiildasiiviunamn wihiSuamsusunasauuians
gIINND

2.6.1.2 851N AuTau

smsnsinnuieuiaazliviuiamanings lunansaiudiu drdnsinnsli
AusougeRylanandns

2.6.1.3 ¥linU0sTu9a

LY = a a & =

nandnilavuegiuviinyestula sduwusivusuiadniu Tned 3umai

U%mmﬁﬂﬁuﬁqa%ﬁﬂﬁlﬁwawﬁmmﬂﬂ’jﬂ%amaﬁﬁﬂgmmﬁﬂﬁuﬁ‘f’r

2.7 anseufisen

susaufisenanunsaudseenilu 2 Uszian laud [13]

2.7.1 AseUfAsemuUeNWuS (Homogeneous catalysts)

AemLssUfTeegluignmdeaiuasivinujisen defivesiaissufisewuuien

v £

WushemsissUfiitenvueniustuannsovilalunizdnfdsanunsaanduyuuazantgym
a at s = o/ ¥ o a o < ¢ aaa o v 1

WefuNsaaIeiIvesan suansiueils, Tuss@ninmgaudonlisslfisermuisesnsladeg
, Ainwnalnvesiissfisemowadansaalasalndlaiteg uaiidedadinisuendais s
uinseneenanasiaizenistnduanldluiauamisavitlaeinnit uasiiongnisldaui

Upen RIS UUTIoNUS

2.7.2 A39UfiT8UUTTIsWUS (Heterogeneous catalysts)

]
Qs [ aan | as o = aaa

Aafsslfitenegauazipniafiuarsividiten wudusefisereglunimvewds

U

waransnvinugnsenedlunimufia defvesiassujiternuuiiswusAeaiunsouandiige

3
A e o

Ufizereenainarsasaulaine wazervamisadinauanldauluils uanisagldaaiss

2
s LY

uiiseuuusiusdudadldlunngnidedmuaduluannzgumgivasaiudugedooe

aunsaldle
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= s 1 o aa ot ar
2.8 msmsBuRLsIUgNTE lansuunl589y
s v Ao o o ) [N A
iBmnanqivililangnszangiuusisesivey 4 33 laun [13]
2.8.1 3/n1sanaznau
Asns AU ASeswnIaNsayNMaYefsessuiuindevesansazany
2.8.2 M3gadu
2 Y - Y) w A A W w )
Aensietagilumsasfunnudluarsazareinfenianududumanzauiunig
aadu Msgadunangasvilulausinalanegaduusldnaiu

2.8.3 nisuanilasulasau

4 9 [ 1 ' ) - = al - aa
LWNQUHUHT?@]W‘H‘U LW}LLG]ﬂﬂ'Nﬂumﬁﬂ'ﬂ"ﬂ5uﬂqiLLﬁﬂLUaﬂu1@aauLﬂﬂﬂu 1@@@14“/]1]

£
(Y]

o i al LY o ' 1 2+ a ¥
Uszqe \Wu Na' sswanifeuiulessuiifivszagendn wu NiT uasldunaiintusisil
+ = s
SNa“ + A" SNi" + =——= Na' (2.1)
v o a a v ) o & o ) ]
Jorvein1suanideulosaudslanisnssaedivedanslessunduisifedtu uinis

waniaeulasaudealdinaiuiy wazdlanisuaniUdsudusiagldaunsaiuysunalossuls

=l

an
2.8.4 3n159uYy (Impregnation)

\duweiaiiazainiian loegauszasdvedisnisifensiugnsusisaisazany

= ol [0 v e o v a v vy A a -

indevedlavziiiauiiiuiismeiuuSinalansdiseinis arsazareiosldfediuSuun

wingngulanes

2.9 Bmslnlslada
Bnslnlsladauvsmadsnislinuiomidu 2 wuundng laun [13]

2.9.1 mslwlsla@auuuuni (Conventional pyrolysis)
e a oy v 1 ) v/ o l o] ] = Y
WWunisinlsladanldninuiousnsimnuiewiesnit  10°C dauril wazld

gaumaiitdesndt 500°C ufrdaunanladunieiindsulunatwazinnuazen

2.9.2 mslwlsla@auuuisa (Fast Pyrolysis)

@ = )

P3INslAALTBUTYI 60-1,000°C sounil uargugiisewing 400-1,000°C

U

il

nanduanlsazlaoanunlunmuiatazyeaandudiuuin
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2.10 WaanuNINnszUIUNIsinlslads

2.10.1 §1uw13 (Charcoal)

Jundnsasivdniildannszuiunisinlslada annsadwindusigadusiigg, vinlan
neain, iansiinses, viduneduiuduiounldvisanuaivainuiadamesineanlas

2.10.2 undlnlslada (Pyrolysis gas)

Fadnanuianldlerunsmuuiy Wy aiveulasenlys, amdusuteuenled, iy,
lelasiou wasufafiinaluanas aunsothanldidudemdmannszualnille

2.10.3 1hifu@anw (Bio-oil)

Wudemaweavan ﬁﬁi’;umammEJan'NLLaxﬁ‘uumeaﬂaLmnﬁmﬁuﬁtﬁmmﬂmmm

vengaglad, wiwaglad uazdniu i nmiigneusdimaduvitedsviseunady

Fufvansiasuuagnsiieauiou Snuaudiiliuiueu liedesd Suluadunn Ve

sondlaugauazauasalunsinnIougs

2.11 Y5iud2nIW (Bio oil)

Tulospsdiluvasmaniithaas ldannmssauladunalinaeduvesvan anunse
dunlfidudiertundaduetinsdonill mswilwilulesssdlivinlviAnufadaunsyan
deswnluiinsuassufadameslaeenler(so,) waziinmsuaesufahilnsauesnlesves
nmhsuiea Fetulddnlulesssdiludemasitazennl14]

2.11.1 NSSUAUNISHANUILUTININ

aa

FitelunsrdniiuTanmenszuiunsinlsladawuuia (Fast pyrolysis process

w39 Flash Pyrolysis) iunssuiumsaaiedamnsauioudldammg fgaiuingavluanig

U v

Lifieandaulasingivaziianmsaaeaaszmenatolule uwagazTumiulmilugungiives

w 2
¢ = o o A =l oo =l I 0w a

nImuLtuiien deldnandusrandurenvalfinaiadunieda Beninsudanin
vsalulenaud agjﬂﬁmmiaaa” 60-70 cudosay 10-40 wazudadesay 10-30 Tnetminues
8/ yap

e MelltuedivUssianveunaudazyiauazdnwazvoaniujnsaildlunisinlsla

Fane[15]
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2.11.2 msufuugaiudszavsawindudann

s &

ufutnwilandaannszuiunisndnvsiidnvas uavesdnsynaumaaiiunnsneiy
= a o v ey = o T S W

lunuwiinvesanstanadwiu uazdslivunzanfiazthmldluiui duiuldodinsudulse
auUAvenhdudinmiidanummizaunaunasiluly dredralgmanuluddudnm
waaaInnszUIUnERan Wy ddanudunsageitlifanseunivuziussy minmhlldeed
anananseuAieseud, Aramiagaiuly, fvsinalulasiaugedmalvlinduguuss, fusunm
pondiaugsderalimifuiinnmianuaios, danudufvdmadunsiodoguninaes
a ada ) £
dalyin Lunu

2.11.2.1 msuandaelagfiseui)izen (Catalytic cracking)

4 Y w1 aaa = e a ey

Aensuanlutanamedussuitenlasfsunlasansusznaundoandiauag il

< o < ¢ v
saAYsznoUanas Wisuanaaiearsuszneulalasaisvenlianalualiidnas

2.11.2.2 msuualealalasiau (Hydrotreatment)

Junisfinvsunalalesiowdildludnfusiudunisldsisaufasen viald
asrusznauluiuafosinanniuasiiveignsldauve i

2.11.2.3 nismaneandaueanlaglalasiau (Hydrodeoxygenation)

Wunisidnesnfilauesnaindiiu Wunszuaunstitaleelalasiausmesuss
Ufisen Heiiumanuieulituindudinmleedidalianasandiaueenluamuesilag
o aan -1
UnnsLvaneail
- (CH0) - + H2 —-ooe- > - (CH,) - + H,0

fagniisisenliau dmda, Tuausty niolaveas

2.12 wigiingdas
M. Sevilla Wag A.B. Fuertes [13] leviin1sfinynisndndagaisuauainnssuiunis

lelasmeiianiveluwduaiveluaduwaglaa lngldvisgnmgiilunisiufiser 220-

250 °C Wunan 2-4 F2lue Bauluaius1sedt 1 waannisialasmestiantsueluwduais
veluiiniandy (Hydrochar) wavinnsveassindendeganssmididnaseunuudednsin

(Scanning electron microscopy, SEM) wavasgaglaaitiunislalasmesianisueluiydu

=

adueuladuiiguugil 210 °Cameiuwaglaaiounldiduasisiu wasfigumaliuinai

L |

w3owhiu 220 °C sannmislalasnesdanisualusdunsuelueduaziindianitnudu

miveuiivsanassualulas (runuszanm 2-10 lulaswns) Waniswdsuudamsdugiu
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=

FnenNaunaivie 210-220 CCuansliiuininnszuiunisislasmesiamsuslueduas

q U

veluduludisgamgivssunn 220 °C Faeandeaiunaarninaiia (X-ray diffraction

spectroscopy, XRD) finsguiunisialasmesfanisvaluwduaisveluedunaungd 210
°C avlvidnwmguasnsm XRD adefunsmveataglaaitunldiduasassiulunssuiunis

g as 3 s 3 @/ = IS ' 4 | ! 1=
lelnsweiianisusluwduaiveluedu Naumgiunnimsewiriu 220 °Cwuinlifiaau

o = & - AW | a & ¢ o ¢
LUUWﬁﬂ‘Wa\‘]LWa@ﬂg %QLUHﬂ"I‘JFJ‘UEJUNa’J'?LﬂﬂﬂiﬁU’JUH'—l'ﬂﬂIﬂiLW@'ﬁ'NﬁﬂTﬁ‘UﬂluLsﬁaﬂUﬂqu@‘lu

\wwungamaiivsyanm 220 °C

Akshay Jain lazane [14] vimnmsvaasslglasimesdansuslueduasueluwdulagly
wraadanaludonuzwing uagldfansequidu Zncl, fu H,0, lneldteulalunslalas

wastansus lurtuaIsue et uLa AL UTUYe 9N STILAS HUAINATSIA 2.1

1) A = lelasimasiamsusluwduarsueluadumesniidiy ZnCl : Waanuews = 1:1
@ 315°C
2.) B = lalaswmesianisueluwdunisvaluwdunigensidgiu ZnCl, : Waanugnia = 3:1

@ 275°C
3) C = lalaswedlansuslurduasualuwduiiy H,0, aumall 200 °C nian 20 wid

nasandununlelalasmeidanisveluledunivelueduilodnsidiy znCl, : Waen

UENENM = 3:1 @ 275°C

A15719% 2.1 a15asdnadaulunisnaassiaududunana iy

Process A Process B Process C
Concentration of raw A, @ 0.05 B, @ 0.1 ;@016
shell in water (g mL™") A, @ 0.11 B, @ 0.16 C, @033
Ay @ 016 Bs @ 0.33 C4@05
Ay @ 022 Bs@ 0.5 Cs @066
— Bs @ 0.66 -

WAIINNISNAEDY U198 19U1M53991US U UE1SUSENaUPaNTLIUNI8LATEY Boehm
titration91NNITNAABINLABLNTEUIUNITNUIINANUTUIURNUINTULY TANUFUNULSAU
nsivannduvemyieidusendiauuulalaswis Weswinanudunsaluy ZnCl, luisanis

\in  Dehydration TutauaavinlwuSinaaisusznaveandiauuulalasusifiuunduaeds

ntuiilelasvisluansvelueduigungi 800°C luusseinialulaswuudniluimssi
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d’l’ ‘q £ = " A v
wiNukaggngudiemalln BET  wulinszuaums C imnuidudu 033 ¢ shell/ml

] '
= =

water fn1nadugwgu (Mesoporous) aniige uazfirmdudu 0.5 g shell/ml water &

8/
a

Wuniwngs Faziulddnszuiunts ¢ duldunszuiunsiiianyileidusendiauuin

=b

an

Vorranutch Itthibenchapong wagams [16] ¥1n135fnwIN13daLasIzw MoS, funu
i Tneldfuonluflonluduinnansslowmsn (NHsMogOm H,0) Usinal 1 fiadluanaudivls
logi38 (Thiourea) 40 fealualuthusmannlessy udwhnstunmuuuwviuwiménlieny
$ouit 120°C awhsimgsenun aglsmsdediu Mo-Tu wdahluliaufeulutasgamai

350-400°C \Juiian 4 Falssdmedannsiugamad 5 °C doundt waeninduthlulinses

v
=

PwALla TGA, XRD wag TEM naain TGA wulid1sseau Mo-TU L‘%mﬁm'ﬁ@ml.aaﬁﬂu‘th

@

gamqil 120-150 °C AousziiamisaaasiivedlsloyFelutivgaumall 150-300 °C nasiin

8

MoS,; auifinudsangaumnil 300°C uagdugangamgil 600°C naa1n XRD wuitfiAves

=

MoS, firuaudauingangamaiinisuealyiiil 450°C

L3

P. E. Ruiz wazame [17] Anwinisiinudisenlalasfoanddudu Tu Guaicol Tnald
PL39UJN381 MoS, Uusn§e93U Activated carbon 310 2 wniadiiun (C-1 uag C-2) Afigwyu
wazuyilaidusandiauiuanm1aiu vinswseudiswiiseuusisediumeis  Rotary

[ =

evaporator impregnation LLé"aﬁﬂUﬁm:mm3LﬁmUﬁﬁ%ﬁiﬂummﬁﬂsmﬁqquu 300°C Ay
Al 5MPa mTinrafl U ATeuaziisesiurilaewaiin TPD, BET, XPS way FTIR 21nn1s
Ja TPR $fs09¥u Activated carbon wuin C-1 fingfiladdusandiauunnnit Geaenadasi
11930 FTIR fifluou 1114-1376 waz 1573 cm %‘:aL@uﬁuaw%}'mi’uaﬂ%émmzﬂiiuﬁﬂ 270
ﬂﬁmmaaqﬁwudwﬁqmﬁsﬁ‘ﬁhaaﬂ%muuuﬁhiaa%"u Activated carbon Bannazassaliiiings
nszesveius it dadwmalvinininuiiselalasfoandfiutuanasiuse
Wan Nor Roslam Wan Isahak uazaas [18] 1isfudanm (Bio-oil) lénainnigian
Faua (Biomass) dnwawhluidnvamdudiaady wile flansusznoudunidunnniides
il Wy Feidudinmildanmswidunaiuanurasinaiiunestuagauiives

Uduwana1enuAIe Wy Aunie, Aranudunse, YSurueendaulutdy, snsidiu

Ysunulelasiaudenisuey, Usuiwin deenaldumngdunisiiluldaluiud Jedesiinas
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USudgeandiveniiiuiinmlitiaiosnmuasmunzausen1 sl n1suuueandd

ansavilevanedsnig iy lalasSwudu  (Hydrogenation), lelasAdenddiutu

(Hydrodeoxygenation), @lalas wASnA (Zeolite cracking) Lumu

Boonyawan Yoosuk uagaaiz [19] Anwinislddmnseufiseludusduladale
(MoS,) wagsussufisenlaveadlududtiladalug (CoMos,) avhmsiseujisenlealash
sondliwduiiuea dwiudusafisenludvidudlaalwaivinisfinuniisuuuumdugu
a 1 %) w [ a o as ¢ @ o a o v @
euand1eiy suwsniluluduaduladalwduuvedugiunilaseairsdoutuuuuse

s d‘ =1 o i aaa a = e o 6‘4 [ = s
(Amorphous  MoS,) dunigadunnssujizeludvaduladalwanidundn (Crystalline
MoS,)  wuilududduladaludsuiuuusnannsassuiisenlanniuazannsadnmdn
pandlauldlasasafiesnnnd duvisineu (active site) unndn wazillefidfulaveadiiu
v | v a a o &) aaa a & oA ¢ v <
i Drglivszdvsawnisieuvesiusifiseninuniuiesinlaveaddnluiiey
U uargnTuIesiLieuiisen uagluanuseBnmieivaaiusy Mo-S-Co Tugisaufizen

Fald ilimsvinureswseUiiseniumniu

Supawan Vichaphund uasamug [20] Anwinisuana1susenevaslsun@nainnisly
fiseufisenhummsenlninnaysegisniilaglddussiiselansuudisesiu

HZSM-5 virn1smseulagwmaidanisuanidasulessunazinalianisipasulls ey

=

HZSM-5 vinnsdsaseilagnszuiuniilalaswesianiiusludunaoungll 160 °Cldidu
fhsasiulany wwu lavean, Unia, luduaty, wnadel wag Waaudey vinn1sanwnsld
w1 aaa ' @ £ ' o ' 2 w Ay ¢ & —

fissdisesuium s luinnaysiatsnisasesnlslawes-ufalasunlansii/

- = 1 LY s qiql =Y =y = al

wuaaidalasalnl  (Py-GC/MS) wual #a5895U HZSM-5  fifllavedinia, wAufduuay
wnaldsuiinaifaguuuulalasasveuriawuuiumiuiazuuuldnss 3n1swsaunuung
uanasulesouaziialalnsnsuauLuUITMILNINATINISAT LRUUIMATIANTS LARBURS
=3 2 -:'l' e a " aaa s [l = 1 L7 [ aaa (Y] it

Wnuoy WeliUuudsaliisengs EasdudmiadedusaUfiewindu 1:10) wui
TuduatuuuaI5095u HZSM-5 Mwseulaswaianisuanildsulooou THUSuIMURUIY

lalasaisuauds 97 Wasidusd luvuziniswiounvuadsutlslimamulalasanduay 95

Wosidus
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M. A. Patel uazamz [21] Anwinisufudaiuguandfveniiduiinmandessin
nsrvIunswnndedesanlasldisefiseludvatuaislus (Molybdenium carbide,
Mo,C) vussessuiiiuaygiiun (Alumina, ALO;) vhmsundeeigumgil 500 °Clumuuy
Fluidized bed LLameﬁaL's'aﬂfjﬁ'%mlﬂLmuﬁmwaﬁlﬁmm%’au’lué’mwdau 0, 12, 25, 50
wio% itefnwinavesdialssufiten nuindefininfuuimnvesduiaufasennnturiili
Usinamesuhiudinmilduianas uasinnsifiuanaduduiuresfiueauazwiina seiiuea
duanunsovanldvimdedasimdlasd@euld liwunsidnoendiaueen Aensauiage

Ujii5e1 20 wide vililsddfufinmifianuviintesiige

Yaseen Elkasabi wazame [22] Anwin1siinufnsenlalasfoonddiuduiniutinnn
Mnnszvunsenndimnasgenimiilagldfisesiudssujiseansveu arsieduii
wafiltldun Switch grass, Eucalyptus benthamii waz Equine manure fLseUfiAseiily

lownuwanitdy, 3ind wazWaanfenvumsesiuiiluasuou Inevinsivanasuueslaaly

Usum 5wide vihnswasminfuiinmlegldiniiuy Fluidized bed figaumadi 500 °C duf

1

1 v = CIRET P o =f 1 aaa a ¢
ia‘ﬁL‘WEf’\]SQﬂF‘W"‘JULL‘I.J‘LII‘WG]ﬂaxﬁu'ﬂﬂuuqllu%'lﬂ’]WLLﬁ%‘Vl’]ﬂTﬁF’I N ﬂ’]?L'ﬂﬂﬂ ﬂ‘JEJ"I'LUE,GﬂUQ N3N

Bench top reactor 1ANAUGIR 5,000 psi auugil 500 °C wanisvnassuansliiiiudi

@ =

Mssfiseunaniduuuiisesiuaiveuansnisslditeilalasfeondiutduldunian
Tuddfudinnmanndauiasnseu Switch grass Tuhdu@anwandaunadsduain Eucalyptus
io- aaa o aal v v = o o aaa =
wulninujisenlelasieandiwdutosnaniasninlilalasiaulunisiuiisowinian

wazlerananeanundunlanaruidulils

Takehisa Mochizuki wazame [23] Anvinaveswiegnyuluddneulnesnlad Sio,
' ' aa 2/ ! = Ve = (] v a
sansissiserlunszuruniswluliograniasileeld@unaduninayd 1Hinses

Pyrolyzer-GC/MS \upasdiadinsient TidaseUiiseniifisnguuansrsfulaeiivun 3, 16,

a

45 uaz 68 Wilulums figamgil 500 °C wulhnssjiserdaneulasenlediifiounagnyu

U

45 wiluwasiilsgdninmunigalunisideansuszneveendiausenainingiuganiw wu
AlaunIedadles uavarusadudinisiiaujizolndwelsiwdu (Polymerization) we9
lalasmsuauld nvisdaanunsaldilusassdjaseildiinauatssliruiniugnawla

AN
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2.13 walakazinsadiiadn

2131  weidayBeinsunesy dunsnseaalnsdlnl (Fourier Transform

Infrared Spectroscopy, FTIR)
Wuwaialudwdunsiase awalnsalnd (nfrared spectroscopy) fiuszansawly

=

o a =l & @ = = a L3 < i
nM3duunlszinvvasansduniduasiussiailuluana saudisSnuesddsenauidedly

o s d’ 1 1 -y =i d. 1 —1
Tuanavesans dwiuaauwimdnluitlutidunsise sxfiaendulugig 650-4000 cm

= | o I a a ¢
w3edl Augeduluge 15.4-25 cm Jadlewasdunssannnsznuluianaanswediues

& o

a = > | s o a 1 o
WwIAALTINTEM (interaction) seunsuasivluanaans Inefuasdunsusaluunst9ndsd

AudessiutuANuvesnsduveswustluliananediues asgnaaniuly Soniuiais

U U
1w
@

lauuudg (resonance) AIUUAULTNTDILENAAAIl LUV DIATLDYUUAYDIDUNT TR

2.13.1.1 daulsznouveaaIasyiseimsiunesy sunsusaaalnsalnd

= |

Naulszneundnmeiu 3 diu Ao unasiuidnsed Interferometer wariATad
A1970 1ATesnTIvinndeulduiniiand miv FTIR Ao Deuterated Triglycine Sulfate
(DTGS) uay Mercury Cadmium Telluride (MCT) DTGS utpipensiainuszian

Pyroelectric ansnasdgyeyrmunovauoslang19sinda wsizaunsalmidinnsnsiainnis

8/
as s

wWasuwlaswesgamagll dwdu MCT WuiaTemsiaialvaoudeduiu Quantum nature ves
$ad uazlvinanisneuauesnsIminnn vueil DTGS vhouiigamaiives udfgumgiive
Tulasiaumad (77 1wadu) MCT asvinulad [24]

2.13.1.2 wanmsiuesaaiewesmaunesy Sunsuseaalnsalnd

T8 uwasimalsiwmes (Michelson Interferometer) TunTsusnuasfidIuoanann

\WATUTIIEIReg 1N TuAINEIIAAURIY

dwiulugunsal Buwesinelafiwesiu sxUsznaulusmenszanuuusiu (planar
mirrors) 2 wuiineviyuasainiu leeeedl 1 wiusegiud (fixed miror) lunagiinsyan

dnvilawsiuazirdaunndulunduuisannuiined lufiemieamiaminfussuiueesiansegan

tesr =

AINE1 (w‘%aﬂénﬁﬂﬂwﬁaﬁaLﬂﬁauﬁﬂumuﬁ’umxﬁmé’mw\iuﬁaqﬂuw) wanntudailsanen
d1uas (beam splitter) Fanaviag 45 pem ogsevinanazaniia 2 (awil 2.5) 9 beam
splitter fgviminfiudusnduasiioonunainumadssdanaddiuonoonidu 2 421 naie
50 9% eeEuAIENEaRIY beam splitter 1i1Ug fixed mirror Tunauzdidn 50 % vesduas

wdeaginmlugnsyaniinioun



23

1 fixed mirror

moving l beamsplitter

mirror

@185 CHP

) light source

= ° N
AN 2.5 LARINIININIUYDY interferometer

=1

UNINUUMINAUNA AR HUIIUSIIUAUA1YDY  beam  splitter  axdlsnunlve

= g o e [~ J ] 3 o v o
(compensator) BUTUUNUIAANUANNAUNTUY 2 N1VB9LHYE beam splitter LagagynuuI?

q

USUNT0UALTE 388 AUETIAUNIIVOINITAUNTUBILEY (optical path length) 19 2 wnu

TviwnAu[2s]

2.13.1.3 defuaztednnavasumalianifesnsiunesy dunssaaalnsalnd

8

o 1 a el o - | 2 = ¢
of fis Tvnansiaswinsisinaziianubigs @ulwgldnailunisimsei

sz 1-5 uii) Tnefisnsiduvesdygimsadymyiasuniu ( signal-to-noise; S/N ) ¢

oo

2
=

AU UATDINTININEIUISRLTULAR 8N ITAN S/N SaUAUANSRLSIUIUTDUTDILANY

PR, a a & v 1o ! -1 ° a
FTIR dslvivszavsnwlunisuenaesamisfiaanugndeslilsiindt 0.01 cm nalnnnsyiemi

418

=y a

1091110 fie lunisiwmisusheduranaliaideddaisararenbuseuli Sidneg

I o 1 2/ . I a ¥ a - 6 o " a
NIULATFDE1998ABY active TUT19BUNSSH UBNAINT \waasllenldismAoudisgeuasdl

Anldelunisungesnunga [18]

2132 ndesganssAuBianaseusiindesnsin (Scanning Electron Microscope,
SEM)
\Dundesganssmididnaseugluuuniidsaininmdunulagnisdesdididnaseunsin

_ 2/ qy ' ! -d = 5 L. B dv s
TWuuihmihwestunmiegsreiliesfiaswaraniudddeyatuludnenini2e]
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]
as

2.13.2.1 daulsznauignvadaniad

@

1) wnashiduilenBidnasou (Electron source) w3a Yudsdidnasau
(Electron gun)

2) wudsauddianaseu (Electron lenses)

3.) WWWI1981887 (Sample stage)

4.) wiesdudyan (Detector)

5.) %8a7 (Display/Data output device) kagdiuusznautaiy (Accessory
device) lagmeluazas Lo umddliffiandsanu seuvgmanme syuuriaudy

LY

uananiivies SEM masavaguuituiiusimnussduaziiounazodluieifiusseinia

UsiAanauuwimdnusaauulvgi

s s 1

1389 SEM mu‘lwmuﬂa“mmaﬁua QrusEtey 1 ww3es (naundlaun ey
o uveBianaseuyieni) LLﬁUWdﬂ%ﬂ@ﬂ%ﬁLﬂ%aﬂ%UUwv TR ITR T energy-
dispersive  x-ray  spectroscopy (EDS) , back-scattered electron  (BSE),
cathodoluminescence (CL) uaz electron back scatter diffraction (EBSD) Wusu Iss

i &

UsravSnmweumsesiioniiaiil Juagiurliauazinuiuvenaisssudyarundudiulsenau

2.13.2.2 WANNIIRNIUUDNATES SEM

') o & [ I oA a d
PWANNITNINUVDUATES SEM  axUsznaunlguuadnivianaianasau  (Electron

=& o Y o a ad P 2 s - W Py I o &
Gun) GUQV]’]WU’TVINE]W@LE']ﬂmiQULWE]{]'GUI’WﬂU‘ﬁxUU Iﬂﬂﬂaﬁuﬁ]lﬁﬂﬁiaumlﬂ%?ﬂLL‘WaﬂﬂqLuﬂﬁ]S

(. b 1 a g ' 3 [ o
pnissieaudliy Mndungudidnaseuszdiuaudsiusinged (Condenser Lens) §avi
Y a1 o a d el a4 & a 1Y)
wiiiviuandiannseu  (Electron Beam) nilwwrawavuas elunisiivauiduyes
Sidnaseuniuddidnasoutyisdidasassauding (Objective Lens) Failwiitlunis
USuddianaseulsuniilviiiaalnfavuiafegamed wazdadidnasouiinnnsznuiaingnie
segwaziivuinlugie 5 G 200 wiluwes leefynvnainnruaunisdesnsin (Scanning

'
=

Coil) vasddidnmsau vimilunisaruauiisvienisindeuiivesdlanpsouuuiuingeiu

a

AnqlmiansUanUaesdyaaminnieg sanu dawanslunin 2.9
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_,,/— GUN
nveZ
™ e concomacttcns

W
Second condenserlens
W Double deflection coil

/—Kna.l {objective) lens
B lirniting aper uare

Sccondary clectron
detector

= o <
AN 2.6 LARIDIALUTENOUNANGUDILATEY SEM

a <

o ar a da X
2132.2 Ayqwildandyyinudinasouriadgiifat

=] a

1) dygraunimansidnasouniogi (Secondary Electron) 1ungu

- s GI -y =3 An /s 18 1 a
BL%HW?E]‘LJW&N']UW"IU?SMWQJ 3-5 atﬁnmauhaﬁ e sgaulalan ﬂmﬂu 10 ‘lJ']I‘lJLlJC"l'i)

a o o = d  da a °
IG]EJLﬂ(ﬂﬂ‘US’WQ‘VIMLL?QH@LWUU?WN?BLEHW?BUW’]

2.) dygiunmandianaTeunsyidandu (Backscattered Electron) 1ungu

Qs

dlanasauidendsnulitvessenlufiusuiosusdiunaznszidanaueenin deinaeay

ganddidinaseuniegd \enuRszAudnndy 10 wilues leeldalddiusnidiavesnon

q

GR

U

o v v o o ¢ a Ad owa faa - -
3) dygenmitlaansdiend vlandussdiondfiianuanizsa Hundu

1 @ cf o a & 5 o/ E74 al i (7
witranlwiiinandidnaseuaindulaasdaludruiunui  wasdosaandsanuniely

'
Qs

Lﬁaw\ﬂﬁﬁﬂmauﬁqnﬁqmwuﬁﬁwaamu@qn:ﬁ’] lnenisUanvasenasuarutiusanunly
amaduuivdnlni  ievi e dindinuinnwesungresnainisesesnun vl
a a 8 [¥] 17 =+ a < u‘.’v (%] L2

alinasauresinwaunavedlasiasneluszaey Tnenisisdianasouaindulaasdaludh

LU LLasﬁmamwé’amumﬂwﬁmﬁ]ﬂﬂﬁl,ﬁﬂmsauﬁgﬂﬁau”n,muﬁ:‘]‘ismuwﬁee’mqqﬂ’jﬂ

1 % ] - d 1 { o at
TnenisUanvasenasnudliuiuoonuilunmaduudmanludy ey lvidiesingaay
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o & o v o o o = o ol i =
wihdutulaesiidnanunui Sseduudmdniniiifierueneduemsluidazsg Saaunse

vnnlduselonilunmsiiseisgmudsundsnuresiedaldnadaSuunas aunm

incident electron beam

back-scattered electrons b characteristic X-rays

secondary electrons & Bremsstrahlung X-rays

Auger electrons visible light (cathodoluminescence)

* diffracted electrons

transmitted electrons

A _ s a 1 = s s A —y ] :2’
AIWN 2.7 LLﬂﬂ\?‘UUﬂ“H@Q@‘UGﬁﬂ'ﬁEﬂ‘iS‘H?’]\38L5ﬂﬁl39ﬂﬂU?ﬂﬂVIU'§L’JQJN’JWIXW‘UEQ‘HUQ']U

2.13.2.3 Fagisusansavaaulddae SEM

] at & = ar 1 o 14 i t % A
dwiunisasunmieeilulueies SEM dedreavsanilniils edradeen

a L Y] | w T =l v oo a = | o a d Y]
i fedneTagilidnlnihiuualiuneifeUsyafiegndosnsialaeddid nnsou sty
a a a o ) = ° v al o a
lagundfingnindeusieiadeuvesianiawsahlwitlanuisin  Taalundouuuia

ﬁ'aatmimﬂuuuﬁiﬂmimﬁauLmuaﬂmma‘a’{sputtering)’Luamazfcjty,fy;lmﬂ&ﬁ’] 3o laens

semgluanzaginimgeiagmilwihlangnlddwmsueioudegrtludaqiulaun nes

9 U

langHaaImIafeyl wnaniity sealleudsifen Meawnu lasdlen way wnslus Ouduy

WonIINliiiAdeveIItIsiusn A Uiy Iusedsunu dwsuiiegafiliiavesney (2)

|2 1
LY L7 = =1

mlsEndhe Miliinanmsudesdidnnseunfogiilutaniiz degegnvilidiuiy
2.13.24 n1INTFUTLALAZUTNIUEINAILINATANITNTZINBWAITUYDY
Sedond (Energy dispersive X-ray analysis)
n1sasedevrlinuazsUInmsgmismaiian1inseendnuvesfdionds
wénmanszdwesdidnnsaulutunuudianydessidiendesnin fe3diendfivanudos
sonuntududnunsiawizresusarsniivdesoonn Sediendagyilididnaseusslugaves

gronvassmmaeeenty didnasouluisdnunazdhuuuiuasmendsnudiuiuesnunly

a1

dnuuzvesendlsgvigeeisawud (X-ray fluorescence) dvaziidwdsruiuananiziaves
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5 s A 1 o 1 a el o A
517 UU Wﬂﬁ\‘]’mﬂﬂﬁﬂﬂﬁ@EJE]'E]ﬂm‘U'lLﬂuﬂlucﬂ’m‘ﬂ@ﬁﬂi"IW‘SB‘WJ’Ni%ﬂUWﬁW'}u&LaSQWU'JUVI

& a d S w !

Uanddegeeonin dedianasoulundazduvessinmiegiaziindsanunandresiuludady

o
a o o =

anwaslanIzm AU snieseitunulaiifesduszneuvessinlatie wagil

1 1 v o .3

a ) a ¢ W o w aaa [
USunandludnaiuwinle [13] lussuunmsdiesieisiameSsdenduwuy EDS winseaniels

9

s A v o o = . o o ] as o o al & o da s 1
lutagiu Aeviriadeduuy SiL) Jauvungdwmsunisiaddiendiamziniindsauludag 1

4

e 30 Aladidnesouliad wie Waievlawesuniloumuuiansgs (High Purity

U

¥
& @ =

Germanium, HPGe) @anu13039dlangfalutiening fe 3 fis 200 Aladidnaseullan vadl
Winsedendvisaoinuy  szivdsuldandseruvesssdln dudyaialnirluamees
andlnin Tagvurevesdyanalniineenvesiiinasulstunssiundsnuvesiadnan
s s 5 I EJ =y 1 al s s
NsEMULLITR  INUUNIsTENBLUUYa LR B I ena et snud a1 Taly
1 o a Al a I3 Y o &
mhaudmegniglunies wazudnwanisiiasigivuaennlunwvesaunn sy nieuna

HaNTInTeRdsUTInauazauaWiaglUsLnsud TN [27,28]

73

LoD Mgl

Hue ¥otbell

KL, Mam sypomyrow with then = | 2, 3 guestom degigeation
Electron transitions
L ~-~>K Prodae K rahdion
M- Produse Kp mdution

At 2.8 minsedulnifnddiendiarizilagldididnnsou

2.13.3 seslnlslada ufdlasunlnsnsnil/uaaalnsalad
( Pyrolysis — Gass chromatography/Mass spectroscopy)

wialasualasnsid (GO Wumallanilavesnisiasiziniedslasuilasnsai i

s s

AUEINNTO IINISHENLAEIARIIERRIRUSE N UTBIRIaEsTITudould wialasuilnsns e

aa

waialun1slinsigyt 2 35 Ae nisldaedduiiluveuds Sundn “Gas solid

]

os <

chromatography”  (GSC) LLaxﬂ’l‘i'l‘t‘fLWaEJgJ'ﬂUﬁLﬂumadmm 3uN1 “Gas  liquid
o ) aaaa < Ay v o & = Yo
chromatography” (GLC) #sisansistdiaindeunlailunia uialasunlasnsildlaiuans

nannsaszvenareluleld o eamalivessedimivindy duluisnsuewialasualasnsiil
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2
= ] s

Fuduwmafiaildlunisuenarsusznoudunidivntduinsizansusenauduniganuise

L =

nanavdulelddsnazazlildmadaifuaisedunidinsizasusenavedunicsliaiusa

nanewduleldlugamaiiunfvesnedud Snsufalasunlnsnsflaunsaldlunisinseils

MR wLaEn1eUsIa [30,31]

2.13.3.1 wann15vaNalATuIlasnIn

nann1svesuialasuilninsifendenisuenssdusenauvesansnay Tngandy
ANLANANIYBISATINTIAABLTvDIuAAZBIRUsTNB TR A SRALULIMERS T (Stationary
phase) neldnswiveamaindoud (Mobile phase) andouiidoniuuia ansiideas
fregnnelunedun] daurandeuiifeuiadidon omsidomsiinseiiuindnieusa
lasualasnsai a'ﬁﬁ\iﬂﬁ'ﬂ%gmﬂﬁaumﬂamuwaamauﬂuuﬁa WAZHILY DI ADLYNN
drgredinilasuiadidoy Fanslunsdudaziianswenasnaulngardontsiuiise,
'szwﬁwm‘iﬁagjmeﬂmaﬁuﬁ (Stationary phase) wagansua mmfulwaqm%u?{awma'ﬁ

ranazgnwIginsesuNaaalnalivas (Mass spectrometer)

2.13.3.2 Aaaui

paaulnlgluwsalasuilasn il 2 viia

p 2 '
ot =

1) Packed column #vawuuiviwheuiuaslans [unaeniiiiduriu
AudnasUszin 1-8 dadluns fiuemsaus 2-20 s D1HAINNETININ | UABAABANIDY
gnunuasnau (coil)

2.) Capillary column Wlunsiasierituy GLC Wit amenivesnadu
fifaus 10 fla 100 w3 WuEAUEnasnaEludsznm 0.2 f 0.5 fadwns daulvayindae
vasauia maraililflanzmsglansannsodusnsajisenailivarsviauazile

o o

melumedudseddaumngligiorvililaneifiauiiseuisetduneduile

Y v

2.13.3.3 nlslada wAalasulasns i/ unaaalasalad

=1 = [l = =1 a A 2 v e - [
Wumsidndiwvesasesdialnlslada (Pyrolysis equipment) 1hiuiasaaufialas
wlans W arsitedisazgnldidiluluaiedlnlslada Welvaruiouganeszaiuisn

nanswdulale lafuaamiﬁaaehwsgﬂwwL“ﬁﬂlﬁlut.ﬂ%amﬁ"aimmimﬂﬁwﬂé’uauﬁaﬁqu



Ui 3

ATaiiuauive

¥
aw o -

mmAfeilfnvwavesgamgiiuaznadldlunsvhufizelelnsmesifansusluedy
ariveuledunmnyudesitothluuszgndldanuuanaisusumsesiuiussfasen
lavduladalus Tnsgraveamyileiduiintuuusegrsnnmusesndsinnszuiuns
lelnsmesifanuelutiuaiveluedudonisinziowasnisnsvarefwesiaseufjisen
Twavitaladaluddainisiedeuils (Impreenation) UuianNUSBENIUNTEUILNS
lelasimesianfuslutsduaiiuslueduuds wisantuided slufnvmavesiage
Ujizelumsuiuupnuantiveniiiudinmainnnays Feliseasieavesaniseiu,
asiniifiuazdunauntsmiiuaudail

3.1 @15A9AULAZESLANN LY

3.1.1 NINYIUDDY

Juninudagainussvnisinsidenusialszinalne WUan.) nnwusesfilauiiiauia

=)

o 5 o L% 5|
Ussann 0.85 lulasiuns nasaniuhlvsuliwislugeuiionmgil 105 °C

U

= v
AN 3.1 1YY

3.1.2 ANEYA"

nnaysldsnainudanisadinuniuesnanudaayan vdseniuininaysunyhinig

=

uaRnaenvualitivuinegludae 75 - 150 lulasiuns udnduiluvlduiefigumgi

U

o A o | &
105 °C Wuan 15 tlas wevihnislanuyueen
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< 1o
NINN 3.2 ﬂ"lﬂﬁ‘{%}ﬂﬂ

3.1.3 drsuanlutlouluduinn wnszlamsa  (Ammonium  molybdate
tetrahydrate, (NHg)¢sMo;0,4 4H,0)

amdi 3.3 ansuenludlonludummnnselawmss (Ammonium molybdate tetrahydrate,
(NHq)gMOTqu 4H20)

asuaulullonluduinninnselomsn 30nUSom UNIVAR  5%a 46-500G  lanwels
Fastoluil

1. Wuvewdaduns T8vn

2. fiwiinluenawhifu 1235.86 ¢/mol

3. gnsluanafie (NHg)sMoOyq 4H,0
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3.1.4 @13lnlagiie (Thiourea, CHyN,S)

AWl 3.4 anslslagise (Thiourea, CHN,S)

ey Felfifumsisiulumsduaneiisniisoluauitiladalng Tenvosdelui
1. Juveudslidhvasdunsduila
2. fdwinluanawiniu 76,12 ¢/mol
3. gnsluianafa CHeN,S

4. NUTYN Sigma Aldrich

3.2 YumaUMIHUATIERAITessUAsU NS TuduRtuladalndannineu
098

3.2.1 Jaguazgunsal

€ s s Qs L

) ' aan a aw @ & ¢ = ¢
nMsduasIvimsessuanssljiserluduatuladalid iiduarsueuitangunsain
Indusaralud

1) ffnssldwmiunssuiunislalasvesiaaiveluedunisueluedy

i 3.5 daudnsaldmiunszuiumslelaswesiaansuslueduaisueluedy
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- & o s s a & s 3 s
2) auridumenddmiuldludsfnsallelasimesiaasuslusduaifusly

T

P -] s o/ a & o L7 s
A 3.6 anvugarenddmiuldludsfnsallalasmesiansveluduafueluwdu

} o o/ ° aaa L3 s -=J o
3) anwugldansdmsuiufiseasveluwduinihainmend (Quartz Boat)

A 1 -] ) o o an L3 ot A o
i 3.7 maurldansdwsuidjaseinsusluieduivinainaiend (Quartz Boat)

4.) viemandamsuskians (Quartz Tube)

d 1 € 0 @
NN 3.8 MBAIDNTAIVIULNIENT (Quartz Tube)
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5) gau (Oven)

mwﬁ 3.9 m::a‘u (Oven)

6.) LA NIESHUULUIUBY (Horizontal Tube Furnace)

YioA20%

4
X %

AW 3.10 WWIHIEISHUURLANEY (Horizontal Tube Furnace)

3.2.2 tunsumsdueTsiRasasfuiswiteliduitiladalndiduafueu
Tnsnszuaumsiolasmesianisueluwdunaisusluedu

1) damnvudesyiina 30 niu TdaslunwueiiBuufmenddmiuiainsel

lelasmestiamsuslueduaniueluwdy wanhusimanlosutiun 180 dadans wiegn

i vasnduiluldd s jnsaiudUneh dulionliuuy

AN 3.11 nnvudeerauiiusrnlessulunvuzAteNg
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s

2) hdefnsalldldludevluteulavesgamgiivasinansieg dadl 140°C,

160°C, 180°C waz200°C Wuan 2, 4, 8 uay 24 $7lus

= a w
AWi 3.12 infnsallugou

- ) ph\\al s/ a ¢ v o g v a = @
3) waasunainuiiivuananifdunsalsenuuavinlduleaideunay

o AR, ) - o aaa v a 3
wasniunslivszana 1 Bluaiengan1svihujizeludelfnsed

A 3.13 duanfnsalunilviiiulesdeunduludaiuds ienganisviuiisonlun

Ufjnini

o ! E%’ 1/ A = U/ ql ! Ea}
4) dhluldmudulugeugamgi 80 °C Wuwan 1 fuialdmnuiy

AN 3.14 aulamnudunnvussgnkiunszuIuns lelasmediaansue luedundn
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3.3 Yumpun1sduATziaTsUfiseluduivuladalid

3.3.1 daquazaunsal
1) ansuanlubeuludunn waselamsn (NHg)sMo,0,4H,0)
2.) aslslogise (CHIN,S)
3) winwdwanlvimnudou
4.) wisiwdndmiunstiuniu

5.) UninasdmIuNaLans

3.3.2 dunaumsduaTziarsasduiassuiiseluduivuladalug

1) wanlslegieuiunm 40 adluaduuenlauieuladuan wnsvlewnsn 1 Tad

Tualwhusaanlessudsuim 50 dadans

o g 1 1 A ] C‘) g
2.) WlUsuuwiimdniianuiounaamgi 120 °C Wunan 2-3 dlusau

U

sewmgaanyun zldasnsuiissfisoiluauiduledalvs

A 3.15 Fumsunisdunsigiansnsduinseufiteluduiduladalad a) weulslege
Auwaulufisaludunn wnsylawsaludiusaainlessy, b)) diSussveean

g & P v - o4 % v 2 =
UMD UTDIVEIMUAAFIELaEN, ¢.) WaunsemeeanrunvLlAll U LTI

¥
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3.4 JunpunsinIBNAIsIUfRTeluduatuladalnduuiasesiuatsuauaIn

nnvudesiitunszurunislalasmesiansusluwduaiueluwiu

1) wisusegnniudeeiiiiunssuunisialaswesianuslueduasualuig
FulaaUsune 2 nduaslu dnines

2) wisnansiaiuisaUFizeUsina 20% Weusuihminvesiasestu (mnvudes
frunszurunislalasmeftansualuiuafusludund) ldiusmnlossuysun
10 fiaddnsudtuniuduan 15 unil

3) dansiwssulute 2 wlddusm uaalasslasazatsaeslvaasuusiagianin

YudesniunszuuMslalnsvestamsuslueduasveluwduinteuly 140 °C, 160 °C,

v
1 =l

180 °C uay 200 °C \lunan 2, 4, 8 uaw 24 Falusautui (Sen¥dmaeieuiiinmaaiou
ta (Impregnation))
4.) dhevegrsluviiuisiiaamod 105 °C 1Junan 4 Falus

5.) ﬁ']é"f';EJEJ"N"I,Ur:Jmﬂssmun'l'iﬂﬁua"l.ul,sarﬁ'uﬁaquﬁ 450°C 1uan 2 Falusnneld

9

o

2 [ a aa = @ (24 L3
ussemel lulasiausngdnsinisiingamgiinn - 8°C /unit uazarmsaufa 100 gnuiesd

wuAwWAsaaui neldaienwuusuivauluvenend

3.5 n1IRTINIALAzALATIERAENTRAR19Y)
U198 19NINYILDRENINBULAENEINIUNTZUIUNT LalasinesTamsua luwdun1sue

lueduiazarsuelurduioinmsinnyidnvasuaaut@lusiusieg fad

3.5.1 msAnwdngIuinen (Morphology) faendssgansseidianaseunuudes
A31A (Scanning electron microscopy, SEM)

AnAng1uingn (Morphology) UeesiatemenansganssAldlanATouLUUADINT A
Tnsgdnvauriuiavesdiog lnsdeaiidred1sluiinisindeuneneudiomain

8

Sputtering ivalinunvasetwausni iile Tneiteulunisasiaiasemisei 3.1
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l:l' AJ =Y L3 =Y
f197199 3.1 Weulvlunisimsigvaiemaila SEM

Model :Merlin

Magnification :50X, 1000X, 2000X

s s

fisfumansanintueuail
1) AeumsindeuRsdassfisenluduituladale
ansAsuLUasdnunmeduguine teunasndanszuaunisiadouiladansaad
AsaUfA3e1 Mo-Tu ﬁﬁdauuazwéhﬂwnﬂﬁauﬁagﬁaﬂﬁh%ﬁuzmaqﬁﬁﬁuﬁrUSauuﬂa&hJ
2.) vaansindeuilissuisenluavituladalwaud,
panwaIrNsNsEaIei, JULUVYeteYNATasi AT fiAnTy vuiluiiveshsesiud

& ¢ ¢ v v ¢ W ¢ o o Y o
Wumisuauasvaunlaannssuiunislalasmefiiamsue lutetutuningudesdiieuly

Fi99)

Z
=]
©=
o
-

NN 3.16 ﬂﬁﬂﬂﬁﬂiiﬂﬁ&ﬁﬂﬁl5€JuLLUUa'a&ﬂ'3’1m (Scanning electron microscopy, SEM)

1304 SEM vziin1sidausaiuindos Energy Dispersive X-ray Spectrometer (EDX)

s

4 a4 a @ o« ° o a ¢ i aan - i
\uinTesiledinsgimeinuisdidng Tddmsunsinseigansiussujiseninzeguy

& a a v g '3
WURIYDINITDITUMLT UANTUDU
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¥ = a8

3.5.2 msAnwmyilsidudioiaiesyiteinsunesy  unssadialnsalnd

U

Fourier transforms infrared spectroscopy (FT-IR)
Anwmyilenduuudsgamnyudesiisneutazuanszuiunsislasinesdansvelu

o W = , : o
WUUAIWLATEY Fourier transforms infrared spectroscopy (FT-IR) laedieulalunis

a @ =
AATIEAANIN1TIN 3.2

P~ = . £ v e
15199 3.2 Weulvlunisimagvalemaia FTIR

FTIR Spectrometer :Nicolet 6700
Measurement mode :Absorbance mode
Wavenumber range :400-1000 cm

5505 8UF 089D
1.) YHeA7RgNNUALaYRANRUANS Potassium bromide (KBr)

° [ ot o v = a = o @
2.) hwaande 1 WeadunmlrdudiemeaTadlensodnuaidavinnisia

ATl 3.17 #3843 Fourier transforms infrared spectroscopy (FT-IR)
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3.5.3 nsasvdeuvianasUiunasinaigmatianisnszarenasnuvesidiend
(Energy dispersive X-ray analysis)

fnw TamuSinamesiswfisenluavituladalvditnzAneguumsesiuaisuey
Mnnszuunsielasmesianiveluwduaiveluetuninuudes (@we Bruker) Taei
daulalumsimssisansed 3.2

i d‘ =y 7 =Y
A1919% 3.3 [Waulvlun1sdmsnzvidqamaiia XRD

X-ray Diffractometer :Bruker

20 :10-80 degree
Increment (Step size) :0.033 degree
Scan speed :2°/minute

354  msAnwimavesassufisenludvinuladalnduudsesiuaisuaude
Ufiisenlulsladavasninaysn

nsAnwmavesssURsuluauRtiladaliduuiasesiuafueuilédannszuauns
lalaswesdansueluwtunintiuseslnawedaufialasunlangs @/ uuaaalasaln Ui

dm¥unisinlslada Eve GCMS-QP 2020, SHIMADZU) ufadideanduginn vinisld

shograiminyszann 04 +0.01 fadnduadludisdmiunsinlslada (Eco-cup LF,
Frontier Laboratories, Japan) kaiUanigaiavdia (Qwool) mwnﬁu’téﬁhﬁqﬂﬁﬁ%muuﬁa
sesfuluduunludnsidunnaysromisaUjitendl 1:5 wirdudussfAsendiun 0.2
n3u wdrladuuusemendgadnadslutium 12 nfuietesfunisgydueuninves

9/
Qs

A28 19UULYIINTNAABY AIN A 3.18 nasentuiairdagluldfmalnlslawes feen
aaumgin1slnlsladan 500°C van 0.5 wiit TuduwsauRalasulnsnsifldreduiuuuala

813 (Ultra Alloy-5; 30 mx0.25 mm; 0.25 um film thickness, Frontier Laboratories,

1
s

Japan) AsAngaumniivesuialasuilasnsiasiin 50°C Wuan 3 uri ndsantudadu

gaunpil 200°C shednsinisiingamnil 5°C/uH waziiulu  350°C Mmednsinisiiiy

o

gl 10°C/ui uavasiigaangil 350°C maluBn 10 wiil ndsanduluanavzidioud

q Y U

iulunweediidiguuaaUalasalny Fadayansiiliuusasiineziioudayaiu NIST

Mass Spectral database wag WILEY database
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AvENG3a
PIENTRGE,

AIaNG3a

by

NNAYN

d d = o =l o s ] 1o
awil 3.18 1nsesinlslada-ufalasinlasnsil/uuaadalasalal uazdrdunisldninaysn

mendyanaransfisenadludodmivnisinlslada
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NANTTNAADILAZNITAAUTIENE

4.1  waveINsAuATIERseUffteludualnladaliduazuanisindauile

#13A9AUAATIUHATET Mo-Tu UNA99895Y

a ¢ o/ ] aaa a o n’g Y =
4.1.1 NEIﬂ’]i‘}]LﬂSWS‘HWQL'N‘LIQﬂ'iEl"l‘VIﬂ\iLﬂi’]Sﬁ’liﬂM’]ﬂ?ﬂWlﬂUﬂ xrd

aaa a

Yin1snsaadnsusafisendunsziiuanlaenisesouansaeiu Mo-Tu wagily

1 = al d - GIJ [ L3
NIUNSEUAIUNITLARTWTURDMAT 450 °C Wuatuiu 2 gAlualuussennmaniaaisnou

q U

1 - s b4 -
AIUWAUANITIA XRD hLﬂNaﬂ’?‘W]ﬂﬁE]\‘}LLaﬂ\iﬂ’]ﬂJﬂ']WVI 4.1

MoS

MoS

Intensity (A.U.)

¥ v 1 4 T T I X T o T

0 20 30 40 50 60 70 80
2-theta (degree)

k2
o/

AN 4.1 XRD spectrum waassufiseluduaiiladalwanlaannnnisduassvity

wanhlvunadudungungll 450 °C Jwnan 2 lusluvssenieuia

3

915NOU

{1
= - =

PN 4.1 wurnieianivsveniteruduluduathiladalwalugae 20=33.30°

]
aaa o =

uay 0=58.67° wansliiuinansisiusassufisen, Bivhmaessuuazgumgialilunis

v

whadiwduaansoihliianisesuimvesiasujisetudviduladalwatuanla
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a

auatuladaludasuy

as as o o o o a
f75945UNINYUDRENEIUNT balasmastanfualutunalewatia XRD

o u’j 2/ ar [} aaa a oA o s L3 o s w Al
hansisrumissasenludviduledaldunviinisiadeuilsasuuiasesiuiiniunig

lelnsinesifamsueluisduiigungll 140 °C, 160°C, 180°C ua 200°C wagiaan 2, 4, 8

o ° w W U o ' a o oo = o v @ v
waz 24 Hlusmudiu ndsniuhluiunsguiunsunadiuduiielfsussessulierlu

@ o o 4 Y w oa c W v 1 aan a oo as ¢
sUnvuresisasiuilumiveunseuiuiianisresufvewius iz ludviduladalve

INERANTEBMIBELUUNUHILALAUTNIUTD TS

N

Intensity (A.U)

e SO
2

140C 24h
m-—_.q._.A____,L._" ® o o o ™
A -

——-_._.J.EL 140C 4h

\_AL g

A

T T

iy 2 Theta (degree)

{ -

Intensity (A.U.)

\__,_lM 160C 2n

® SiO2
° L ]
160C 24h
—Hﬁ-—RL_ *e o e Ay 5
e 1, 180C 8h

;J_L 160C 4h
A

2-theta (degree)

]

Intensity (A.U.)

® 50
7

e ° o - 180C 24h
o L]

T S
e, TEEAG

180C 2h

30 60
2-theta (degree)
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1
D . ® S0,
[ ]
_ VLV e e R , 200C 8h
3
<
=
= 200C 4h
=
g
=
200C 2h
A
T * T
30 60

2-theta (degree)

d a o A 1 = dl -
A 4.2 XRD spectrum vesfiasesiuiiumsindeuilaiasinalediigamai 450 °C 1

Va1 2 9l Inedisessuntunislalasmasianisualuetunsuiuafouis

=

nazwaaleviigamgd (A) 140 °C, (B) 160 °C, (C) 180 °C uay (D) °C

U

NN 4.2 (A) wuRadiansnsaiuladail 26 = 20.80°, 26.56°, 36.45°uay 69.09°,

a o var o o A o
21 (B) wuiiafianunsamiuladadl 26 = 20.90° wag 26.63°, nw (C) wuRaRausaiuls

Fa7l 20 = 26.56° wav 36.51°,07m (D) nuitaRannsadiulddni 26 = 20.73°, 26.59°,

4 & - ) A ' ¢ o .
36.42°, 50.00° way 68.04° Haanusufiaues SO, wianenImIong & Si 1oy
G o ) o v P aaa ) =
saRUsgnaundnnawisanulaluninyudeeivliegudn wagziliovufiisenivennieda
a % e = P 1 a a
annsafisduguuuy Sio, ffinaudundngs wilunngeulalinuiinvesnsmifivsuen
& - . . = a oA v
paAUsEnauiilu MosS; llesann Si uay S0, daudundnigauaziviunaauidusnn
= v oa oA - o | & o A = A a
919zavuadaiinivauaniieg1 MosS, vililiansaiuiniuansiis MoS, Anzinuay
N3¥18MBg UMl asduiievimsfnyiiaAnlunisnsiain Mos, Iiinisdisiey
vield FuddedramnviinisnamesdUsenauvessinfiewaia EDX  Lilonsiam
= = =l e o/ [ a:t" b2 L o d‘
peAUsEnauLarUSuvesansluduATuwasdames Faldnanisnsiatn aawanslunisian

4.1

4.1.3  Wan15ATIER NsAfeursanTasduRssufiseluduatuladalndasuu

o o v e ¢ o ¢ v oy a
ﬁ?iﬂ\ﬁ‘Uﬂ'1ﬂ"li']‘l.!ﬂ'93EWIN"I‘Llﬂ’]'ﬂﬁiﬂ'ﬂ‘lﬂﬂiﬂaﬂﬁﬁualut‘i’i‘u‘u@‘nlmﬁu‘q EDX
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A1519% 1.1 wanslSunesnlsenauledesndauLasdaineasnainisiedaulliansaasy

ALaUizen Mo-Tu uasihllura@iutungamgil 450 °C veadisassuluus

'
=

azWaulunmslalaswasiamsusluletu

Hydrothermal Conditions | Mo (wt %) | S (wt %)
140°C 2 h 5.21 1.68
140°C 4 h 5.49 213
140°C 8 h 5.65 2.78
140°C 24 h 5.13 2.56
160°C 2 h e ] 2.75
160°C 4 h 512 ! 7
160°C 8 h 5.68 0.76
160°C 24 h 548 Bl 2
180°C 2 h 6.02 1S
180°C 4 h 5.3 2.36
180°C 8 h 555 2.75
180°C 24 h 5.2 2.32
200°C 2 h 5.56 2.16
200°C 4 h 5. (4 1.89
200°C 8 h 543 3.56

]
=

N1 4.1 WU fr5esunurazteulundannnisiadoulaseasAIRURAILI

=Y

UfATen  Mo-Tu wasinluueadiutungamgll 450 °C Uwaan 2 Talusluusseanis

U

lulasiau wdrnhdetwusiardeulaluintinsieismdsUiinumudt Tusmavesludui
agUsznm 56 % wasiivhinudamasegussana 1535 % nsinuuiinaumeduauii
wazdameslurasuiualndiAssiuluusazidouls leananyimavesarsdaduiaige
UFA31 Mo-Tu ithunldlunsindevilduldluinauasdamduivhiuluyndeuls

wazUTnavesluduituwazdaeiiuanaeiuandostu Wewnaneivvziloyniaves

[
= o !

Wwauaduladalva vieansnszneuveduduitunearsnsznavradamaiinntuunsniiag
luuSagngureinsesiu imlinsimssinameweaia EDX llanunsansiainals Falaen

USunavessgiioaniniianuuansneiuantios
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4.1.4 wan1sieszinnadeuilsansasiuiassujisenluduivuladaludasuudi
o v ¢ o ¢ s ¥ _ o a o
seefuninyudasiiunislalasmediansualuwduudriliunadiudu
FT-IR

A o A w1 W o & ' a ) W
Wevnsguduindisesiuniunsindeviluasiiunszuiunisuaadiutundiiings
a & a a a as s o o ' o LY 1 sou o a & & a s
Wnfuvesarsluduituladalng Jadriegrauviinisianyilsiduiifniuvuiiuin vees

s ¢ o a p @ =
spasuniumsuausewaila FTIR @lauanisnaassduansluning 4.4

-1
470 cm  (Mo-S vibration)

Tranmission (A.U.)

r ! . .
1000 900 800 700 600 500
Wavenumber (cm™)

=

= Y v & a & =
AN 4.3 FT-IR Spectrum maﬁmﬁﬁaﬁﬁﬂmﬁ']uﬂqiLﬂﬁ@UHQLLﬁgLLﬂﬂlsﬁuwaﬂmw‘QﬂJ 450 OC

Wwman 2 tlusluussernielulasiau Inedsessuiiunislalasimesianisue

Twwdunewdhwiadouileingarsnasiudusaufiten Mo-Tu uazunadilgamgil

180 ¢

- I a A Y] | o 1 -1 o=
NN FTIR spectrum lun i 4.4 wuinifefievanidnafsmunus 470 cm” oy
MIfuYDINUSEIENIN Mo-S Rsaunsatiuduladniinaifeduvesiasaufiseludumiule

Faluauusmsessuidumsuou

4.1.5 HAN15AATIBIAATIUATET MOS, UUATIBITUAITUBUUUADTBISUNINYIY
poefk1un1slalasmesianisusluwdunalninlunnadiududematin SEM

WMNIASITRNYENIT g IMINERIBE 19U URIN S I de Uil TR Y
sssisenlufuiiulagalnduuiisesiuainninyudesiiiiunszuiumslalasivesia
g o L2 1 ﬂy o s d s M 2/ L3
asuslulwduud uagdiegaunumsessundldlaunisindeuilanisndesganssel

Sidnnsaunuudainin (SEM) lanasenini 4.3 uay 4.4
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o b4 I = ¥ s 1 aas = o &
AINN 4.4 AW SEM ‘EJENﬂ']ﬂ‘mu@E]EJﬂ@Uﬂ'liLﬂaT’J‘UEJﬂF?'JEJC‘]')L?JU{]H?EHLLa%ﬂTﬁLLﬂﬁsﬂLu‘UUVI

Aasvene (A) 50X wag (B) 1,000X

< gy X a a o Sau Moy a Y w1 i aaa
MNAMA 4.4 (B) arulainiurivesdsesiundalyldquindeudmedassfisend

& a da o it A
WHN’JVIJMT]@JL%&IUEM’ILﬂﬂJE]mVNU'iL’Jm

ﬂl 1 o 1 - aa d 1 e o/ [ Eil 1 3
NIwn 4.5 awane SEM ‘UENGY]L‘E\?UQﬂiEJ’] MoS, VILﬂ’]EﬁEJQU‘LJG]TEEN?UFI']‘JU@UWVLGHI']H 13

lelasimessamsuslustudigauugil 140 °C 1 (A1) 2 dalas, (A2) 4 Falus,
(A3) 8 Flaa waw (Ad) 24 Falag
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i 1 s [} aan 1 at s & v v
NN 4.6 A wEne SEM ‘UE]\‘IG]']L?\?U{]ﬂiEJ’W MoS; Lﬂ’?:ﬁE]QUuﬁﬂiﬂﬂ‘iUﬂ’liUE}UWIﬂf\l"lﬂﬂ"I‘J

=Y

lalpsinesiamsusluiuiianmndl 160 °C an (B1) 2 Halus, (B2) 4 41w,

q U

(B3) 8 411114 uay (B4) 24 7las

A7 4.7 Anane SEM 909d139U581 MoS, 1n1gaguuisesiua1suauilaeinnis

lelasmesifansuslulduiigamaiinas 180 °C a1 (C1)2 dalus, (€2) 4
dal, (€3) 8 Falas uaw (Ca) 24 Falas
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aaa

l:l 1 L 1 1 s as .4 A
AN 4.8 anae SEM ’UE)\‘IWJLNUQﬂ'iEﬂ MoS; Lﬂ']SQgUum?iaﬂiUﬂ’li‘U@UWlﬁi{ﬁﬂﬂﬂ’]‘i

laimwla%ﬁami‘ualum*&’m?’iwqmmma: 200 °C 181 (C1) 2 alus, (C2) 4

lae way (C3) 8 $ala

aaa

= B Y o o M e & o il 1§
Tupwd 4.3 Wuameasninviudesndaldlaniunszuaunisindavilsiaiss jisen

as =l

1 ~ dy = s s dﬂild X L7 d -] af at o =
WUITUTIUNUAIYD99I 5T UUTIAN BULS HUINABY waearafitmsosiuuviinisiadouils
MeaInRuANsIufAze Mo-Tu uazthluiiunszuaunisasusluduna nuirfloynia
Duindavwiniannszaefmegauuuiuiuazlugwiuesiisecdu Sseyniefifluunadu

@ & a s w & =.f e & al d < & W
indniliinanniswesumyunlveunianiigunsudundading sadudnvazianzvesans
MoS, nw#l 4.5 uag 4.6 dnwazvesiiswiitenniniefneguusisessuliuidnvasdu

=1 @ a Y I a:?f = o Vooa ' aaa v =
WNAALENT INEAnNTEAEMatuuNui wasluniwi 4.7-4.8 wuidusafasetiunizin
waziadeulUaguuiuiegauium wavillanatlunislelaswasiamsvealuwduiuuin

Tunundinisinginniouresiisaliseivuiiiuiaswinanninilelasiesdanisue

=

Tuadugaumgiivn Jseaduaineliannsassfiteildfniifsesiuanaslalasmesia

U

'
=4

fgaumaiinnde nnnyugesiilaninnislalasnesiamiveludungamgiuansieiy

& s 2/ Qr = ! v Qs & o 4 v A
1mamﬂmxmaqmnmuaaammwm 4.9 W‘U’]'Tﬂ'lﬂ’lf’m@ﬂ&l%ﬁ%ﬂﬂlﬁiﬂ'ﬁm’ﬁ]'ﬁiﬁﬂ’]'ﬁU@luLsﬁ‘HUW

'
s

nanties  2-4 lus wdndusiildesnindanudunguieu  (bulk) wn Wewiriunis

NSLUIUNSPADUENA8EIIRIAU Mo-Tu HARD MY lAoanNUIE1LTnTUAITaLa1Ua1SHIAY

s 5

Mo-Tu Lileunn Feenavihlinssuiuniswwdeuilanalaldinfaiavunvodnan A us i I eumn
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o =i nill 1 oal = L L3 st q' ‘g
ienszuumsyuinioul widlegumgiilunislslasvesiamsveluwduiiuundu i s-

=)

o = | & w PRy =
24 Glus Ngaumll 180°C wag 200°C wumansueinldoanunfianuduxe (powder)

U

=Y

Je} 4‘-" = v o‘j v s 1 aaa =& =i 1 1 al
WNTY WaleanyuinfeuilassaIRsuiIsUATe Mo-Tu Jsfimmguannitngamad
8 g v R AR P a v ¢d o ° ) =
M esazatgaIisiuanInilaegeiisvesdndueifieg suundmsunisyuindouils
o v at 1 aan = s 1 s as 1 1 s q!
limuiissljitenadiovuwaznszasieguuisesiuldunuasmunudunitdefiuandduy

o @ | ¢ 5 v o a
AN 4.7 way 4.8 NNNITNNADIEINUDNIN *nmﬂa'lmmamamwa‘l,uw‘nummmu 140
o o~ @ a v edwy o far a o

Cuay 160 °C iy nandmsinildoonuntudiulngdeglugy bulk wilugaumgiigs dugu
P a ') o & |
10 SEM lalilasuudadluannduunn  aaw SEM veeisaasisoulull A 4.5 way 4.6

=3 @ [ s I aaa 1 M o < d‘(l =
Javiuduinsafifensyaieqed Lilamdavasuuiui

« & ® (o

HT 140°C 2h HT 140°C 4h HT 140°C 8h  HT 140°C 24h
B L » -
\ @ ¥y
‘e & ¢ ( &
4 2 \.\ )
HT 160°C 2h HT 160°C 4h HT 160°C 8h HT 160°C 24h

c] . 2
@ ¢ T o

HT 180°C 2h HT 180°C 4h HT 180°C 8h HT 180°C 24h
o] e =] //&C

WTaoCah  HTZ200Cdn

NN 4.9 FnyaLTRININTIUdBENaINISlalasimasiiansus lusduiialuay

gampiluaneeiu (A) 140°C, (B) 160°C, (C) 180°C uaz (D) 200°C
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]
= 1

4.2 n13ANe1RIAYITENRaUYRITERAITRITUTILAAINNTTUININY ISR KT

nszuluNIsialasmasianisus lurduslewmaila FTIR

-1
1,328-1,634 cm

Lignin peaks
-1
3,300 cm -1
A 1,715 cm -1
OH eroup g ” R — 1,210-1,080 cm
2,925 cm C-O group
-CH Alkane \I/

(iv)

Percentage of tranmission (%)

" T » T - T i T o T 1 - T
4000 3500 3000 2500 2000 1500 1000 500
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Abstract

The production carbon aerogel and cryogel as an porous carbon with various
applications in different field of study, are considerably high due to the extremely
expensive critical drying and freeze drying method employed and the high cost
starting material. Carbon xerogel has been introduced by replacing supercritical
drying and freeze drying with hot drying technique. In this study, carbon xerogel
beads were successfully prepared by sol-gel polymerization in silicone oil by simple
method. Silicone oil was used in this experiment because it’s a simple and
inexpensive. Various resorcinol-formaldehyde beads were synthesized by changing
rotation time, which related to the particles size and the porous properties of the
porous carbon xerogel beads. From the experiment, the particle size increase with
the increase in rotation time.

Keyword: Porous carbon; Xerogel; Silicone oil; Simple method

1. Introduction

Nanoporous carbon beads are widely used in various applications such as
adsorbent material, material for catalyst, electric double capacitors and there still
many space to explore. The synthesized carbon beads can obtained by supercritical
drying with COsz , freeze drying and hot drying which called aerogel, cyrogel and
xerogel, respectively. Supercritical drying and freeze drying are effective method
but the cost of processing very expensive comparing with hot air drying. The cost of
carbon processing is attempt to select the suitable method. Furthermore, hot drying
was the interested method to produce RF beads because of short drying time and
much easier.

The purpose of this research was to prepare the RF xerogel beads with
various particle size distributions by varying rotation times which related to the
particle size by simple method via overhead stirrer. Patricle size increase with the
increase in rotation time but decrease with the increase in rotation speed. The
overhead stirrer stirs RF solution in silicon oil. RF solution was the dispersed phase;
silicon oil was used as a continuous phase. RF solution was separated from silicon oil.
Silicon oil was used in this method because silicon oil has non-polar non-toxic and
low cost but RF solution has polar. Due to the different polar, RF solution and silicon
o0il does not mix together. When started to stir, the hydro gel beads occurred, then
followed by washing, hot air drying and carbonization.



2. Experimental

In this work, carbon xerogel beads CXBs were synthesized from the sol-gel
polycondensation of resorcinol with formaldehyde followed by inverse emulsion
polymerization, hot drying and carbonize in air in Fig.1 [ ] At first, resorcinol-
formaldehyde (RF) solution was prepared from resorcinol with formaldehyde in
distilled water. Sodium carbonate (Na:CO3) was used as the basic catalyst. The
prepared RF solution was ket at gelation temperature (303 K). Before RF solution
lost their fluidity, it was dispersed into silicone oil solution. After that the emulsion
(RF solution + silicone oil) was agitated at 200 rev/min and 343 K for 1, 3 and 5 hr,
respectively in Fig.2. Before hot drying, cyclohexane, ethanol and propanol were
used for solvent exchange. After that, RIf beads were hot dried at 333 K for 24 hr to
obtain RF xerogel beads. Finally, carbon =xerogel beads were obtained by
carbonization RF xerogel beads at 773 K for 2 hr

Resorcinol formaldehyde

(RF) solution

l Simple method

EF hydrogel beads

washing
hot air drying

Y

RF xerogel beads

Carbonization ’;

Y i

Carbon xerogel beads

(CXBS)

Fig. 1 The overhead stirrer in simple Fig. 2 The overhead stirrer in simple method
method

3. Result and discussion

The surface and morphology of carbon xerogel beads were observed by light
microscope (Olympus) in Fig. 3. For a stirring time of 2 h, 3 h and 5 h, the average of



diameter of particles was 102, 134 and 153 pm respectively. The size of RF xerogel
beads was increased by increasing time of stirring.

Fig. 3 Optical micrographs of the RF xerogel beads with different stirring times
2h,3hand5h

Intensity

I 1 1 T I I | 1
0 500 1000 1500 2000 2500 3000 3500 4000
Raman Shift(cm'1)

Fig. 4 Raman spectrum of carbon xerogel beads

Raman spectroscopy(Thermo Scientific™, DXR SmartRaman) with an excited laser
wavelength of 532 nm (2.33 eV) with respect to three different points in the Raman

shift range of 100 - 3500 em” was used to ensured that the carbon xerogel beads
after carbonization has completely carbon. In Fig. 4 have shown the Raman spectrum
of RF xerogel beads in different time of stirring. The centered of peak D and peak G
at about 1345 and 1590 cm'l. The intensity of D band and G band of 2 h, 3h and 5 h
was 420.58 and 555.21, 676.72 and 839.35, 1220.91 and 1465.48, respectively. Ic/Ip
ratio of following time was 1.32, 1.24 and 1.20, respectively. Which indicated an

amorphous structure [7]



4. Conclusion

Carbon xerogel beads were successfully prepared by simple method via
polycondensation of resorcinol-formaldehyde (RF) solution. The particle size
increased with the increase in rotation time. The results offer a more effective
method for preparing carbon beads that may be suitable for some applications, when
compared with conventional method. It is possible to scale up the apparatus for the
mass production of carbon beads in the near future.
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Abstract

Bio-oil or pyrolysis oil can be obtained from fast pyrolysis biomass has several
unusual characteristic such as high acid and high oxygen content which cause bio oil not
proper to use as a fuel. In this research MoS; support on carbon material was prepared for
the upgrading bio oil via impregnation method on carbon support from biomass.
Hydrothermal process which aims to convert biomass into value products. This process
usually performed in water and produces the product, namely hydrochar. In this research,
bagasse were executed by hydrothermal at 160 °C, 180 °C and 200 °C for 2, 4, 8 and 24 hours
each to enhance the porosity of their products. High porosity is well-known desirably for
enhancing efficiency of supporting agents since it can load more catalyst quantity. After
finishing hydrothermal process, the reactor which carried bagasse was quenching in order to
inhibit the reaction inside. Then, the hydrochar was impregnated by MoS, precursor and
carbonized at 450 °C for 2 hours under nitrogen atmosphere to stabilize the metal phase and
turned hydrochar into carbon support. MoS,/carbon was characterized by scanning electron
microscopy, EDX, FTIR and pyrolyzer gas chromatography/mass spectroscopy.

2016 Elsevier Ltd. All rights reserved.
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1. Introduction

Fossil fuel consumptions rate has been increased dramatically, nowadays. Many
countries are looking forward to create renewable energy sources such as bio oil which is
obtained from pyrolysis process of biomass. However, bio oil normally contains a high acidic
and high oxygen contents. This causes bio oil in appropriate to be used as a fuel source. To
solve this problem bio oil can be ameliorated by catalytic hydrodeoxygenation (HDO)
method. Molybdenum disulfide (MoS;) is a convention catalyst used in the
hydrodeoxygenation process due to their activity and cost of effectiveness, most often support
on g-Al,Os. In contrast, g-Al,Os is high cost and can occur a coke deposition during the
hydrodeoxygenation process [1]. Therefore, this research provides the studied regarding
produced carbon supporter which is obtained from natural material, bagasse. Because of its
diverse porous structure, resistance to acid, basic environments and low cost, carbon is and
appropriate catalyst support material in this research. [2-3].

Hydrothermal is a thermo-chemical conversion technique which converts biomass to
valuable product. Hydrothermal process results in hydrolysis and dehydration of biomass.
During hydrothermal process, water acts as a solvent and also a catalyst that facilitates
hydrolysis which leads to a disruption of the lignin-carbohydrate linkages, to lignin and
hemicellulose removal and raise the porosity of the material [4-5].

Impregnation is a common method for insertion of metals into pore of carbon support
with a solution of molybdenum precusors, e.g. ammonium molybdate tetrahydrate. The
precursor metal solution is mixed together with the support material enrich the surface and
pores with metal. Then, the material is dried and heat treatment under inert gas to stabilize the
metal catalyst [2].

2. Experiment.

2.1 Bagasse Pretreatment

Hydrothermal was performed in reactor. Bagasse was dried and sieved to choose the size less
than 80 pm. Mixing 30 gram of bagasse with 180 ml of deionized water (water to biomass ratios of 6:1)
then load into the reactor for hydrothermal process. Residence times of 4, 8 and 24 hours at
temperature 160 °C and 180 °C. At the end of hydrothermal process, reactor was quenching for 1 hour
to stop the reaction immediately then the products were dried overnight in the oven at a temperature of
80°C.

2.2 Jatropha residue

Jatropha residue obtained from local plant in Thailand was used as a biomass feedstock. It
was dried at 60°C for 24 h, grinder and sieve to powder with the particle size less than 125 um before
test by Py-(GC/MS).

2.3 Impregnation of catalyst on hydrochar

MoS,/Carbon was prepared by impregnating hydrochar with 20 %wt of Mo-Tu precursor
(followed Vorranutch Itthibenchapong research [6]) followed by drying in air overnight at 80 °C. Next,
the samples were carbonized at 450°C under N, flow rate was 100 mL min" and maintained at this
temperature for 2 hours in order to turned hydrochar to carbon support agent and turned Mo-Tu
precursor to MoS, phase.

2.4 Catalytic test

Pyrolysis was performed by (Py-GC/MS) with an auto-shot sampler AS-1020E interfaced to
GC/MS (GCMS-QP2010, Shimadzu). The column of GC was 30 m x 0.25 mm Ultra alloy. The carrier
gas was Helium (99.999%). The mass spectra obtained from m/z 20 to 800 with scan speed 625 amu/s.
The chromatogram peaks was achieved according to the NIST and Wiley mass spectrum library. The
catalysts were placed in a cup above 0.4 mg of biomass with the biomass to catalyst ratios ol 1:5. Then
the sample was pyrolyzed at 500 °C for 30 second. Then the pyrolyzed vapors were ushed into



GC/MS. The product quantification based on percentages of relative peak area compound to the total
peak area from chromatogram.

3. Result and Discussion
3.1 Hydrothermal carbonization

Bagasse after hydrothermal carbonization are shown in Fig. 1
; ® * ( &
® & ¢ (o
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® ©® @ o
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Fig. 1 Bagasse after hydrothermal carbonization process at (A) 160°C and (B) 180°C

From Fig 1. Hydrothermal carbonization of bagasse at 2 and 4 hours provide larger size of
bagasse compared with 8 and 24 hours because at longer hydrothermal process, cellulose,
hemicellulose and lignin were decomposed through the hydrothermal process and turned bagasse into
powder liked. The powder liked of bagasse can lead to insert of MoS, precusor into the pore and
throughout the surface are of bagasse

Bagasse after hydrothermal carbonization was studied the functional group by FTIR technique
result in Fig. 2. At 1,210 — 1,080 cm™ was indicated to bending of C-O in hemicellulose. At 1600 —
1515 cm™ was indicated to OH bending in lignin. At 1,715 em™ was indicated to bending of C=0 in
hemicellulose. At 2,925 cm™ indicated the vibration of —CH alkane in cellulose. All of these peaks
were increased with higher time of hydrothermal process due to the disruption of hemicellulose,
cellulose and lignin lead to increasing of surface area and density of bagasse.
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Fig. 2 FTIR spectrum of bagasse after hydrothermal carbonization process at 180°C

3.2 Characterization of catalyst

After imprenation the MoS; precusor on the bagasse obtained after hydrothermal process and
calcination, SEM technique was operated to examination the formation of MoS, on carbon support,
shown in Fig.3. MoS, which appeared on the surface tend to growth into flake shape dispersed on
carbon support with the size around 2-5 um. At hydrothermal process temperature 180°C, the carbon



supports were covered with flake shape of MoS, more than at 160°C. At higher residence times in each
temperature, the porosity and surface area of the bagasse tend to increase due to the reaction of
hydrothermal process such as hydrolysis and dehydration leads to a disruption of the lignin-
carbohydrate linkages, to lignin and hemicellulose removal and raise the porosity of the material

Fig. 3 SEM images (1000x) of hydrochar after hydrothermal process in different time (A-D was at 160°C ) (A) 2 h, (B) 4h,(C)
8 h, (D) 24 h (E-G was at 180 °C)(E)2 h, (F)4 h, (G)8 hand (H)24 h

The element of Mo and S were determined by Energy Dispersive X-ray (EDX) was shown in
Table 1. To be considered, all conditions demonstrated almost identical proportions’ due to the same
concentration of Mo-Tu precursor. The quantity of Mo and S are approximately 5-6 wt " for Mo and
0.7-2.75 wt % for S respectively.

FTIR spectrums of the catalyst on supported material are shown in Fig.4, The results indicate
appearance of the transmission peak at 470 em” which is characteristic of Mo-S stretching vibration

mode of MoS, [8]
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Fig. 4 FTIR spectrum of catalyst on supported material obtained from hydrothermal process at temperature (A) 160°C and (B)
160°C 8

3.2 Catalytic performance

The experiment studied the effect on the pyrolytic products of the jatropha residue in the
presence of MoS,/Carbon to investigate the hydrodeoxygenation reaction. The process involved
pyrolysis of jatropha residue into volatiles organic. The volatile organics undertakes reaction HDO in



the presence of MoS,. The average percentage of oxygenated compound with and without catalyst are
shown in Fig.5

404
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Average oxygenated compound (%)
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Fig. 5 Average oxygenated compound of jatropha residue after pyrolyzed with MoS; on supported materials obtained from
hydrothermal

With no catalyst, oxygenated compound of bio-oil from jatropha residue was up to 61.88 %.
After pyrolyzed with MoS,/Carbon hydrothermal at 160°C 2 h, 160°C 4 h, 160°C 8 h and 160°C 24 h
the average oxygenated compound was decreased to 55.39%, 49.33%. 45.02% and 40.8% respectively.
The MoS2/Carbon obtained from hydrothermal process at 180°C 2 h, 180°C 4 h, 180°C 8 h and 180°C
24 h before carbonization, the average oxygenated compound was decreased to 59.32%, 51.30%.
42.61% and 38.43% respectively. From the result, at higher time of hydrothermal process, the average
oxygenated compound was decreased to minimum. The longer time of hydrothermal process can leads
to a disruption of the structure such as cellulose, hemicellulose and lignin in bagasse and enhance the
surface area and porosity of supported material from bagasse. With high surface area, MoS, can
disperse and attached on the surface and in the pore more. Because of high MoS; result in more HDO
reaction and can reduced the oxygenated compound in bio-o0il from jatropha residue.

4. Summary

The hydrothermal process, temperature and time were mainly effects on the porosity and
surface area. Bagasse after hydrothermal process was called “hydrochar”. Then hydrochars were
impregnated with 20 wt% of Mo-Tu precursor and carbonized at 450°C for 2h to turned hydrochar into
carbon support and turned Mo-Tu precursor to MoS; phase attached on the surface of carbon support.
The catalytic test showed that at a presence of MoS,/Carbon, the average percentages of oxygenated
compounds were decreased through HDO reaction. At longer time of hydrothermal process results in
decreased of the average percentages of oxygenated compounds
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The synthesized carbon beads can obtained by supercritical
drying with CO, , freeze drying and hot drying which called
aerogel, cyrogel and xerogel, respectively. Supercritical drying
and freeze drying are effective method but the cost of processing
very expensive comparing with hot air drying. The cost of carbon
processing is attempt to select the suitable method. Furthermore,
hot drying was the interested method to produce RF beads because
of short drying time and much easier. The purpose of this research
was to prepare the RF xerogel beads with various particle size
distributions by varying rotation times which related to the
particle size by simple method via overhead stirrer. Patricle size
increase with the increase in rotation time but decrease with the
increase in rotation speed, The overhead stirrer stirs RF solution in
silicon oil. RF solution was the dispersed phase; silicon oil was used
as a continuous phase. RF solution was separated from silicon oil.
Silicon oil was used in this method because silicon oil has non-
polar non-toxic and low cost but RF solution has polar. Due to the
different polar, RF solution and silicon oil does not mix together.
When started to stir, the hydro gel beads occurred, then followed
by washing, hot air drying and carbonization.
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The surface and morphology of carbon xerogel beads were
observed by light microscope (Olympus) in Fig. 3. For a stirring
time of 2 h, 3 h and 5 h, the average of diameter of particles was
102, 134 and 153 pm respectively. The size of RF xerogel beads
was increased by increasing time of stirring

Raman spectroscopy have shown the Raman spectrum of RF
xerogel beads in different time of stirring. The centered of
peak D and peak G at about 1345 and 1590 cm™'. The intensity
of D band and G band of 2 h, 3h and 5 h was 420.58 and
555.21, 676.72 and 839.35, 1220.91 and 1465.48, respectively.
I/l ratio of following time was 1.32, 1.24 and 1.20,
respectively, Which indicated an amorphous structure
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Carbon xerogel beads were suceessfully prepared by simple

thod ion of resorcinol-formaldehyde (RF)
solution. The particle size increnased with the increase in rotation
time. The results offer a more effective method for preparing
carbon beads that may be suitable for some applications, when
compared with conventional method. It is possible to scale up the
apparatus for the mass production of carbon beads in the near

future,

The authors are grateful to the financial support from King
Mongkut’s Institute of Technology Ladkrabang Research Fund
and also sincerely thank you to College of Nanotechnology, King
MongKkut’s Institute of Technology for their supporting

via poly

Nanoporous Material Research Laboratory, College of Nanotechnology, King Mongkut's Institute of Technology Lad}

A 1) Tawesweunsauidslusu Joint Conference on Renewable Energy

and Nanotechnology (JCREN 2014) sewinafufl 21-23 §uneu 2547



4 v : .
a9 3(¥) NINS1998 Best poster presentation award 91197U Joint Conference

on Renewable Energy and Nanotechnology (JCREN 2014)



UseIng ey

Fo-unsna wefiuawm uingius

T hou Uifin 14 figungu 2536

flag 343 paivadn a1 eafles
2.84n3U31n13 10270

UsziAnisAnen seeuiisey LsaSeuniengaudng Winiunig

UszdRnisilnenu o JUANINAIUTIN N MU TRn1539

ade

andmiunaenu audmaluladlaneuaziag
WAER AUnuURRILINeImanswazinalulad

WA9A (@319,

HaslFFunTAAa

[1] K. Nakapan, P. Nantanapirom, S. Chutipaijit and A. Eiad-ua, “Porous carbon
xerogel beads by simple method”, Proceeding of Joint Conference on
Renewable Energy and Nanotechnology (JCREN 2014), December 21-23, 2014,
Kanchanaburi, Thailand (Presenter-Poster)

[2] K. Nakapan, N. Chollakup, N. Viriya-empikul, A. Eiad-ua, “Synthesis of
molybdenum disulfide support on carbon for upgrading bio-oil from jatropha
residue” Proceeding of International Conference on Science and Technology of

Emerging Materials (STEMa2016).

waswitldiaueluiivssyaivinig

[1] K. Nakapan, P. Nantanapirom, S. Chutipaijit and A. Eiad-ua, “Porous carbon
xerogel beads by simple method”, Joint Conference on Renewable Energy and
Nanotechnology (JCREN 2014), December 21-23, 2014, Kanchanaburi, Thailand
(Presenter-Poster)

[2] K. Nakapan, N. Chollakup, N. Viriya-empikul, A. Eiad-ua, “Synthesis of
molybdenum disulfide support on carbon for upgrading bio-oil from jatropha
residue” International Conference on Science and Technology of Emerging

Materials (STEMa2016), July 27-29, 2016, Chonburi, Thailand (Presenter-Poster)





