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Abstract

In generally, the metal catalyst which synthesis by conventional techniques is
usually in metal oxide form or easily oxidize in the air thus the metal catalyst must
reduce to metallic form before using. It was complex process and dangerous. In the
research, carbon material from cattail flower (CF) was used as supporter of
Nickel/Carbon (Ni/C) and Copper/Carbon (Cu/C) supported metal catalyst. This
research was studied effect of used carbon material from CF as supporter of catalyst
and varying nickel loading. The catalyst was prepared by hydrothermal, impregnation

and calcination process. Firstly, Dried CF has been pretreating via hydrothermal

process with optimized condition at 180°C for 8h. Then, the metal solution was
added to support via impregnation method by varying metal loading from 20 to 60
wt% of supported. Finally, the sample has been pelleted into 0.5mm pellet and

calcined at 900°C for 2h under nitrogen atmosphere. The metal/carbon supported
catalysts were characterized by x-ray diffraction (XRD), scanning electron microscopy
(SEM), Energy dispersive X-ray (EDX), surface area and pore size distribution was
determined by N, adsorption. The result indicate that metal particle on catalysts
were in the free metal from without reduction and well dispersed on supported
surface. Particle size and surface area were decreases at the increase metal loading.
Metal/Carbon supported metal catalysts were ready to use and could be controlled

particle size, surface area and crystallinity by metal loading.
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2.1.3.9 WudngAuidu nsuawlisrmisanlsudesungesazdaduusiuii
Wavesanmsullulszuiliumesiiaassneg

2.1.3.10 eiinandldos tasvnzaieUidulan

2.1.3.11 lgluRanssuuadadiu lsownauldlsndeslnifiesesiuyala Wusuaim



Foansldiunadudemds fuwlfufuiulueuenduty WesanTamaisailaiune
dlaleufudomdeatolny luimaenufouiiviiy wazandymiudundeudiia
nnnsiiidendmoada FohliiAsnsazay  vesivaniueulaeenludluusserned
thlugnsiinufienzeunszan wagvinligamgfiveslangstu Tuvasiinisthiauaa unld
Wundsunaununisléndanudanded  agdsussmdguinisiiinysuialiiu
usseIMA  uililerndunauwiaiinsuanauggmaniefiamzuninionn fadums
wdnnauldudandany Tuusaslssnu deadfafailededu Uszneu 8un uvasdaina

USunausiueaetiuia waswaluladnisuanwd19audiuna

2.2 gug#

N9 2.4 dnumzvasnangUni

(i http://www.pfaf.org/user/plant.aspx?LatinName=Typha+angustifolia)

YoInermans: Typhaangustifolia viiennd1s Yeauq Ae nngyd veaatumads e Use

!'?famai’ﬁy, : Bulrush, Cattail, Cat-tail, Elephant gcrass, Flag, Narrow-leaved Cat-tail,

Narrowleaf cattail, Lesser reedmace, Reedmace tule [15]

MISTMURTUNIINEAEnS AugunE
WA NYABN
fu - weludpadien
JUAU : Typhales

29 : Typhaceae
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dna : Typha
¥1i@ : Typhaangustifolia

'
=1

%aviuu : Typhaangustifolia L.

2.2.1 dnvagnwgneAanivasgu
vy P 1 v 3 & o
uliidugnengmaned fanss g 1.5-3 was ninay uwnsmdstuduszezaus Tuines
= s = [ e/ o @ a2
Sesadusznuier Tuiluguuouwuu n119 1-2 wuiians 817 2 wes luusnagduiuduass

wninud e Imulu uwiuludiuuuldsdnides drudiuaisuy Yenendudiinia Yenengy

=

neNTEUeN wanwAvuAAEITY AMudenennay uls Premenmedegivatete 13 8-40
\wUAAS i ugudnatssyanm 1 wudwaes dludseav 1-3 Tu udagngnsiell ¥rmen
iwALgagAWE 819 5-30 Wwudlng duiugugnasyanm 2 wufiues dnueneanain
duneninageduiutonenidumiuiion 257 wuiwas aendlauiadn Lifindunen
uagnduldes iaswaduungl 3 §u fuudonseu Munaswaddy Suisyen 1.5-2
flafuns aenmedlefiludsedugesyuiduie Faldgunseate Auseldifer enussuim 5
faduns fvugndvn Munaswadosn 1-1.5 dadwns Suuusdunivuinsild ven
wnasguluven wafivuaidn JUT durigudnas 2.5-3 a0 Yenenuuuteidan panddiuiy
110 Anfuiiy Fda dnwasadroguaonivg futdenannay uds aonueniwe wiady
nowuladn naumenAag Uanenu sUnsenssuan naumeninAlegunsnszueniguiy

wilnainingunanines aankiazuaniiuduaueay wadinuin Weunanamena[15-17]

e 0 3 108 7 O

e
il

1WA 2.1 pengUd

(Fian: http://frynn.com/gua#)

2.2.2 MIVEILNUTVRIgUNE

Tnensiiwdaudlunuay wanfivugouy fwanisnsvareiudegimlanluunsou
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1 o %) =Y éf’ g d. 1 SDI ’JO’I =1 Q‘ o =]
waziwnaugy dwiudssmalnenuluyngiinin Fusuiuiguun wulasialudl fudwdaelu
Ivglsvuazaiusn

2.2.3 Uszlenlvasgums

Tugmuagmileredldvinaiesinau wu (de ngnd ldymdan wazvinden aonun
dnflvulsuilednuugadieyeiuidesldununiu sendeuiuldvisanuasyinlian denants
Aula wianlaandreulanuwazsinldusianalawudy Tudufawraldfudensnyinuinnd

dll 1 o v F2EY v o Y =Y ] s d' i73
waziweaaulaaunazsnlidusvitalsaviwin wu Fullaanis e (pulp) vesiu
sUmSihanldvinledieu (rayon) waznszawlel Sudule (fiver) fedopay 40 WWuleliinauiy
fouay 8.9 wwaglad (cellulose) Tovaz63 Lafivwaglaa (hemicellulose) Sawaz 8.7 ndlu
(lignin) Sowaz 9.6 o (wax) Seuas 1.4 wazion (ash) sevas 2 duleiideivseuniaseou
vhuwalusnldunuthewsoaudnd annsonuldiluiivaquiu tleanniswamansveamt
a o P aa ad A = ' 2 A
Ay esndissuuiniaguaEiviadusiu wazanslulawmsadeudisgs ninfiwdesn
nsanme1lusAuwasastulawmseesntalldwuriisenlilteanidiiau (anaerobic bacteria)
goe sxliuiadvu (methane) Bl dudaindsla navasgun¥il long chain hydrocarbon
2 ¥ilm A® pentacosane 1-triacontanol @15Wan phytosterol 2 ¥fn Aa B — sitosteroluaz
B-sitosteryl-3-0-B-D-glucopyranoside gugi8asnsamdalulasisuainundalungudalsle
9 400 nn. et La,axmm'm@ﬂLﬁUIWLLmL%EJmialﬂﬁﬁa 690 nn. sal Fudunsdnuianilan

ssfiunumiuiinasugialusuian [18-20]

2.3 nszulunisialasimadiia

n1sduasieidignssurunisialasiveida  Wunszuiunisdaavaisanslawmsn
(Carbohydrates) TugUnasni (dndugyiuiase) Tnsendaaudounazarusilunisi
UFATen gumpifiliogszuing 140220 esrwadealufisufnsal (szuude) wazvezldioa
Tumshujasenduqluaudamansdilusuasanudulszna 10 U13 nssuaunislelasines

iausgnoumefisendesnsil [21,22]

2.3.1 Ujizenlalaslada (Hydrolysis)

lelaslagalaovhlumnedsufisovesasiui Wunsliluanavesnh (H0) T
UfAsertuatsiiegaty duna Dudu TesTuanaveninsdnluvaewuss (Break
bond) vesdniiy, waglaa wazisfiwaglaa dadudiuusznevluina aniussiisedudy

anglgey (uanavuialvg) Nesiansuenduaslddunieluanadifvuindnas
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2.3.2 Yfjisendlawnsdu (Dehydration)
\unsidaluianavesii (H20) oen dwaliiuSuiamisusu (Carbon content, %C)

=3 A A - o as a ¥
¥y viesnluwivilsAeilunmsidaoendiauluguvesth

2.3.3 Ufjisemadiualsidu (Polymerization)
I YY) aa & Y & =% w1 A o
Wunsudiuvedluananiivuadnuienussdug @edslieios) Wuluanasun

ldd = E")
Tnainiinuatesunau

2.4 A52UIUNTANTUBU U TU

arsueuluetulunszuaunismalnlslada (Pyrolysis) vinlmensmningAuluiisy
anAlufigamgiiaindy 1000 ssdwwadiva Jusdiveinvesingiu iliAnudnsusiay

= = 1

Usziaw Lo druifinuazdanFendt 3 (Chan duiduseavanFeniimis (Tar) uaz
duilduuia %gumaumiv?ﬂﬂfjﬁ‘%mm‘i‘uauluLsm"j'u{fijL{‘szumawﬁaﬁﬁmmﬁﬁfgmn
fign lesmnlunmminjiteomivevlueduasinisBuaiisedlasaigngu gl
ssniumshufisen  smuazesduszneuinagiilildmsvounufeansssmedng
lelasiau sondiau lulasiau wazi azgnmaneanInlasiasvvesingivluguvesuiaias
hifund andueslduns (auaniflndisstuaisuew) Adnmstasvedasaiadndilsl
Wusziloudeasiidosingnqussninmdn Tnedsudslunsiniizeasveulued [23-

26] leiwA

2.4.1 gunyil
gauuiivziinasoUSunaundndusiuinnan Aologamgiitinay UTuianisiiauiies
anas  drhdfumsuasufanloiiuuindu  uazanautRvesihdunisazingulassasne
o v P a = as o o LY 24
Waguwlaslume insizmsifiweamgidumsfiundsnuieiaisiussnislulasasne

VBINAULIU

2.4.2 BNTIANNTAY

9n31ANTouIEiNaf AL TRLAEUTU UV NTUMITLAZENTIHNY  NISRNERT

v £ ' = = o ¥ o g ' (3 o v
n1sliaufeusgsiasiveiinavilivsuuasszimegniandasuedresiaiiavinly
arsueunlafignguvunalug  arudeshilumsvifisenganiiaisveudiledainnisliau

U
fousngdnsinindt wszarsusunlaainnsvinugiseiasveuluwdusiednsinisidu
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a L3 =l LY =] o 1 [ Y a 1 I [ "o o
gaumniige miveusztusiilussilvutieunds MliAndesiiadugniuauialugideri

=)

L

MInsEAU @snseduasidnluvihudisenlsadng

233

2.4.3 ANavasufisen
as aaa . . 1 aaa 2 & S a
fnasesufizen (Meduim of reaction) aziinansynunsufiisen dudauazlefiin
seniunisinlsladagneeniiegisinga lneufanduinaradu uiadlulasiau (Soude
Uffsenmamlvdivesnisuen) wazuiaainnisiwalnl dsanaradunianlaainniswlu
a ¢ a 1 "W o < o Ve i o |aaa w
Uinaansusunlaazdesnitdnanifuuialulasmu uwallanudeshlunshujisetu

L5 1

AINTZAUAINT

Y

2.4.4 555UVIAVBINQAU

]
s a 1 = i

Toivusazelinvziiniemmingauwanssiulunisvihugisetasveuluedu lag
@ =

noRUNUANANALD1REIEMINsEAUTWANs1aiY teluldrTusuniiaua wATian Samuiz
=

wnnsu Ul nulussuunimansausald

¥ = A‘ = o o aaa 4 at
lassaframsaiivesiuiwvawiujnseanivauluadu

Pnsiufasernsveluedu ezneudragaliliaiven wu senduu lulasiau

9
o us o

wazlelnsiou szgnindneanlugvesufa ssnenmsuouinilauazdsiniuiug uiasd
Usznaulusenannadsy (Aromatic ring) Weaslestuageldifiussidounazintorinmie
Tnse Fazifuilaguasmanms wavansduiildainnisiaans Yesiravaniaznarodusngu
fifiuanunsalumsgadusensguaunsiionndt manszdu laensdnamwanmsuazans
Fegildannnsinaaeeanangesitanielngg LLaxa%’wam‘JquﬁﬁuﬁuuﬂLw AUAINITO
Tumsgasuremansusinladadunaduidesanlasiaiomantise
mnuasalunsgaduiinandidnmseudass Segluanmitliiafios Ae 1uaudll
ui (Unsaturated valencies) Sangnmiiazinnsiveznouvieluanadu 1y sonfiauly
91n1A  viioosmeusnerfiagluansiadiu  nszuaunianseiuazdielininnizeeseyaey
fusuivezaeudunaneiuiuszaiiuiause shesifinfuoznouaivauiiogiivourass

s a

wawaey  ansagadunuuiadl (Chemisorption) fusendlaufigumgil 400-500 o
wardea waznarwanmiiueenlediiiogumyiigeiu uenninuindaansnadteiusyii
wiaussiueznonlelasiau Fsaglingreenuiudiasligumgiigeds 1,000 ssmeaidoa way
aunsnfseznenlulasiaueenainluianaueuluils wazdawleiesndinluiana
lolasiaudalid wasiezmeunguanlaiay (Halogen) senainluana s1laau visiioglu

anmufavievauvadile Judndumilaidusiquuivesiedns uaiiddgReRafiia
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- GJ = L -
INDLADUVDIATUDUKALDDNTLAU YSaTIeNIN Raoanles
2.5 AU REN

wy aaa & o a = a & v N | W a aaa

mseUfiisen fie ansidnasluiesSuananiey uwitaaissdnsnnisiinuesujizen
o Y aan | v & P YY) 1 a < = I o
miuasendngaunalmsinu lnendiduedidifinnisivasuwdamiaaiivaslivilvausa
maneslulawiindieuly Jeduiusiundanunedudiuduniandsnunssiuresljisen
tufie d1ufiserlalindesunsziusn Ujdseduiinlaitauaziia uddujasenlafindea
nszaugs Uiisenialdeinuazdn Welinisldduseufisenlussuuviliszdundsaunsssu
vosUizenivanasdmaliifnuizenlaiitudaiuseljisendvheanndaunisnviu

o aa Y aaa a c’f’ 3 el s 2/ 2/ = = a aaa e
wpaufiselvifizeninvulufirmiendaimdsnunssdutaenaadeauisaiinuiisenle

[27] LAAIFINING 2.6

Energy

Ea{with catalyst]

y
A
AG
\A.

Reaction Progress

nwil 2.6 WunanaiaufAseiléaaeufateuaslaldfasajiten
(Fu: http://www.hielscher.com/sonocatalysis_catalysis.htm)
2.5.1 MsdumunAsalfnzen
fudeuFisengnduuntsl 3 wiia Tnefinrsanaintavasiaiss fise fumarasansie
A1 [28]
2.5.1.1 flsaufjizennuutenius (Homogeneous catalyst)
fsaUAsenareglutgmaieafumsisiunasnaniue Snuazvasiussufiseen
Wusdo nluanavasiadafisediiudnlulussuasiifnunsiimilouq iy fdusuuuy
nsssalfisendavilouriu

2.5.1.2 fiseUfjisenunuudiswug (Heterogeneous catalyst)
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aaa 1

fudeufRsenagauarigniatuarsieusasnandag wislisuduidedsaty Tae

Y

dnilvgjaziiinswfitontuvesuds lusasiiasdsuduufanioveunar Musfazed

[

uvesudefinuantimaniiveiia Judaufiseaiisewineiissufiseuasszuuansns

2/ o

suivasndndueisedlidsundassuimaaiivesialseUiisen sniuvinaiiues

2/
s ot L

AUt dalu msTeuiieuljasendiin Jededdifnufisemzadnivludetulu

I

2 o e o/ ! aaa o @ aaa aa = o’ i
YOIV TUANTIURTTeNIY U)AT81NHIs Lﬂuﬂgmmmmmmmuu [GELeler

=

Ujisedisiugiuuiseeniulssnngesq 2 Usziav fe nquilelas waznguiildlowind
Tolad@aauisusafisenilulansuasiusaujisennilusenledvodlany

2.5.1.3 woulesl (Enzyme)

' ! 1
aaa =

asaufiserndlaanalva@ieadulgisenduad lagviliuaeuledazidy

Specifc catalyst UufiavzisalaiigamilalfAsemesansaasiu

252 aﬁﬂ‘ssnanmmﬁ";ﬁaﬂﬁﬁ%m

Qs as

fissisenUsenaumeanvanesila uwiosausenaundisty Teail

@

2.5.2.1 d19159Ufjisen (Active species)

s

[ a o v oa aaa ot ' aaa 9 ' aaa 1 )
Wuansfiviwmdissjisen dedussujitensrndszneulumeansisadfjisevintuy

(3 [l
o

winsdifansisafaseriisaumiefifuifion axdeuldifindovarnsafAzeruud
58495

2.5.2.2 7735943V (Support)

2 '
=l ¥ =

inesduasinmgnuasinuiiogs whivdnuesisesiuRenisiuiuiiiounans
$eUARTen uenaniluvnsnsdlesdidunsitenfusenindsesiuiazansssufiseiinau
Jeslalunsvifisengetu Tnedluasdenldfsesiuidesuar liviufaselaq dsesiu
1veglugUvondin vions Insfideyldlugramnssuio ALO; (Alumina), SIO, (Silica) uag
carbon[
2.5.2.3 nsluwas (Promoter)

Wuasildlavimihissujiseolasnse asfudlvludiuadndeslusuginsoy

o
Ved =

sssufiseniiedieglviansisslfiseminminlaadu

2.5.3 @589V (Support)

\WernUfAzenlefsufizen33swug (heterogeneous catalyst) duaziinduiu
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svmeuvIBleasuNBguLRUiIveImTSUATe Nt azneuvielassuiieginadluaylid

UG

Tomadnsavinfisende Tunsditassejisenduansifismunsdadomensunion

Al Jisennfiarsinariusinguunuiialvunige sviantislanenismisudasg

3 o
aas = LY @

) 1o 5 - aa o A o @
UiRseliiivuadnunng uidsmsilldamnsaiuiundalauindn venanilifethluldau

a =1 L i

Tugaumaiigs sunal@nuartdfinunliunvzrasusindiiu dnnewiandousiiufayiie

9 LVAR ] 9

o '
=Y = = Y] 1

assaufisenluedevasuuianduniinuifiogs dadeniudviisesiu Swenanssaiunse
n' d‘ll Aﬂ ! aaa E’:" s 1 ﬂ, = = 1 aaa e/
WNNUTRIYeIE s Ase1uds Tuunaddieiuyssdninmuesassslfisedieuay

aANSINANIVARNTINAINUYDIENIISIUATeN [29]

()

AWl 2.7 unumvasiasesduiitidanianssnesvesarsisaUizen: (n) Lififsessu ans
SeufiFemaensmaiuldhedislituminieu () msswiiteinmududugauuiiui
yosisesy fulllonafingvasusiiuiigamgige (1) msseiizenmududusuy
Nuinvesiasesiu Temaivgvasusindauiiios
2.5.3.1 niiilvesinsassu
1. yinlAansnsganemvesansisalfiisenlans (Metal dispersion)
2. wwauudsslifuisaufizouniiflasaialiudus
3. weanuadeslitulassaisesiumisisdlunsiAaufisen (Active site)
4. iueuannsalunsdununnsaivasnnffuieninauiou
(Agglomeration)

2.5.3.2 N151a8n R25995U

—

WessaUfisennlisoinis
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ANAUTRNINAWAZNIINIBAINAINABINTT LU ADIULTILTI ADIUNUVIURDNT
NIEUVN ANUNUsausIanin Megruduinivussljisenluldlungdlad fausa
U stuszdomusoannensnszunn madend aas Maetuluuald fause
Uﬁﬁ%mﬁmsﬂummﬁqﬁagjmamaua"1waammsﬁaammm%’uﬁwﬁ’ﬂﬂaamm
uazALFUARTAR UL

wefesnmnelian1izmsvinnuazan1izns regenerate dsonaludiaisies

at =

TN UgMUMNNge Jednsesiutiumsazdesliiininudeunladlasaing
ATIDUINGU TUIATBIINTU WATNITLANKILINTBITNTY Faaifiadaaiu

ANUaIalunisunsvesasasnulUludus U nzen

s bimsuwaiuly

2.5.4 gasalfizenlansunsiagediu (Metal supported Catalyst)

Qs ' aaa < A a w < = aaa el s ' aaa =l
G]ZlL‘i\ﬂ‘l.]i]ﬂiﬁ]"lmua']'i‘lﬂ‘ﬂ?EJLWI.I@G]T]L'i']ﬂ"lﬂﬂﬂ‘l.]g]ﬂiﬂ%ﬂﬂﬂa‘lﬂﬂ IﬁlEJG]']L‘J\‘]Uﬁ ATUTHNA

| a W ] a aan W 2 £y v W oa W a
“U?F.IL‘W&IEIG]'i’IL‘ETU@\‘imiLﬂﬁ!Ugﬂ‘immﬁlﬂ‘mwm (forward rate) WIaUAUAULNNDASILIIVDY

aaa L st o v s d& 2/ 1 =l Vo d,:) 1 1
UfATedaunau (Reverse rate) Mliufjisenaiinaulaiingaunainiilaiirtulaeliiinase

auUivisgaumIaumans (Thermodynamic) v83Ufizen osanduaunaiaiiiieiu30]

Tunsgmamnssy duswdisenitddulvgnuegluzlvesiassfsorndulanzuy

3935V Memaraiiusuiiseeiaiideddsalul

1.

2

a.

[ o ' aasn =i s =4 =i = L as
Judussdisemanuisadavmvisawsendulane uazUaonsie
annsaldlanuiniosjnsaivatesiia uazluniesujnsalinldinarady
punaamaddseUgisenduinldlindldsnienisnses

o & 1 at 1 [ « o = o = 1o o
aunafiilulavgagueniuedruludasuiionnsingamgias Felaivinle

[y i<

sunalaveTindnulueynalvg

4

=]

misefiserviiail drsessuenalumilusluwesiaeneae

lasdrutanduq Juegivauifanizdlrvesdnsaujiservlinuug uagszuued

Uiinsen laun sysuwivedlany vdevedusluwmas uasdangs 1usiu

2.5.5 MIATENAATIUATEIVUATDITY

nsiesendssliserlansuusisesu laeviall awnsoudatunsunisaiedls 4

[
@

dumoudaselull (Bond, 1987)
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1. MawSeuaswIenns (precursor) vasasiseufiisen InsdlngfoumToula
sglunmitliansavareidusnans
2. MIMIALAS (drying)

3. ASHAATUYY (calcination) B9a1vazldsniu

s

4. N53ANTU (reduction)

n1sesgudnssliselansuuiiedu awsawmssuldnaisisiagluuiasiaglw

aaa

auURvesiissuiseniiunndreiunsluizesdsesdnsam fosazlansluduswiisolans

s ar ' = [ v aa =l at i aaa s a v ]
UUAITONTU LasANEIN8UDINTRTEN LTURY ']ﬁﬂTiLﬁ'iEJllG]’JL'NUQﬂiEJ'WIUEIiJI‘(ﬂﬂLLﬂ

ac

Fen1smnazneu (precipitation) F5naniadn (Kneading) 33uaniuienuleast (on exchange)
Wnswenyulaeldlwih Electro  deposition)  3n1swenyulasldldlady Electroless

2
v AV

deposition) Fausagisuulveslastaldenuanareiuly deiudeasidenismsnIoufage

aaa v ) - w
Unzenlmmngauniussuuninesnmslgdau

2.5.5.1 manTeuRsUgnTelanzundaTasudieisnisnaauls

(Impregnation)

wadanisindeuiladumadaflitouazaynanfigamsziiunisduisesiulaenss
wlszasd Ao Aeamsifugnguseasasaeveandeveslanyiiaiduduifissmedmsu
AUFinalavsiifeanisansazaelddeediuiuiniosiugwguldwes FuniaAn Incipient
wetness dunsumstaion Ao Fuannislimudounifsefusasiisemiedluga
mmﬁaanéﬁagjq;fyﬂmmﬁaﬁﬁmmm%ﬂugww %qwm’qa’lﬁmmwé&uaaa'ﬁazawL%’ﬂlﬂ’iug
Wy AnleiRa maﬁ'uwammsazmaiuﬂ%mmﬁwaﬁﬁ%Lﬁugwquuagﬁ’ﬂﬁﬁmﬁm’lsJuaﬂ‘naq
shsessulenned aslluusiisesiu Fesinudsndnansadaadldneuniseieuan
USunnsgwsuvdevhmsvageuneulaglidnihavaiovenasuussessuiinsiuliuauiuey
uwdihmsinuiinesivilissosfudenmed widaiSinesdavhazaredlaunldlunsg
A mdtusesasasaneielilduualany awdeans [31]

2.5.5.2 n1svilwiAe (drying)

Hunszurunmaideridmiulasaiawesiaissufase Tnevilugeuniefisliluonnia
uitesviTlugeoudl 100 samwaldiea Usvana 24 Falus Fumeunisvinliustafinuddaunn
semsnsvaneiivedlavsuuiuiavesiasesiu winmsviliuiadulusdnadng asinlilany
indouineuunanvesnudsilinmanszaedveslansunialidadiaue dadu 6
fownsliiAnnisnszemvedaisfisoneswaiaouuisesiu asfadlasvhanais
otsnaaaludunousiliuia (32)

2.5.5.3 N13uAABIULTUNITINITINIALIIUGASE (calcination)
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o a s =4 as ! aaa - q = a <4 -
ANTINILARTLUTU L‘L]Uﬂ']iLN'lWJLﬁ\TUQﬂ‘iEJ'WlQm% ‘U\TﬂJLiﬂﬁlNﬂWﬂ?UUiBﬂ?ﬁ AREYID

o

fandaulanUasunlifoanis wu lessuuin/lessuaunliiades uavaissewmelaineiibiuy

Ulﬂl = £

gj a 1 aaa Ei. o :J
adllutureumawiendiseljiter uasaungiddnyiae fe desnisdsugdindalans

q

Tnidulanseenledvielanzdase Inevilunsiiengaumgiildiniuivediusiavedlansz
=3 ] aaan 5 = dl = (3
Juansisaujiten smvisgamgivenaiaalfnsal (reactor)

gampiildlumsinduiuegiuyialaveMbudusfiseuwazesiinasoninudug

q U U

wiuuazUInvewisfiten Aetldsumgiiguiuluileanguvnliasedismiaaiidiuh

Weynainn1sidufedresinia synaildesiivuialvg Sywudnazerasinlv

a1susenauudldanale aatuy ﬁam‘ﬂ‘ffqmwﬂﬁ #1n110 gaumnimsaanuiivesasUsenau

“

'
vV a = 1/

7994013 ugungildnalsganenailiiindaninnisisuiurenissaudivenin

a

(Incipient  sintering)  waRaliililAnn1ssauivednsuinaInaLsauiuniuly

i
=l e

(Excessive sintering) 0 LAANIT3INAD (sintering) ALV IWAUART (Surface area) anad A

®
=] '

finavilifudiiniiasl lufnufiien (Active site) anas uagaruiluannguasnssitanis
wns (Diffusional limitation) stwmum'ﬂaqgwquﬁaaﬂm [32]
2.5.5.4 M339n¥u (Reduction)
\Wumsvinfise3anduiiauuniias ievinmsmidneenfiausenanaisiseiisend
ogfluguvedlavzesnled lasmsiuufalelasiauiieliianisidndusendiaussnulugy
vasansUsEnausenles 1 sendaaslss (Oxychloride) fildainnsnvaslanznaslse Liavh

Iilanzeenlediudeuglagluanimvedlanedaszauysel

2.5.6 Uadeiiinadauszaninmuasiusesfizen

L

a a aaa

el Rz ofidensiiussansnmia msidenlidiseufiseiifduszansnmg

waziimnuusnzaududniadendsnifauddyduedann lneddsistadonegiiing

AaUsEdninImesUf TRl [33-35]

dg i at ] aaa
2.5.6.1 YUINBUNALAYNUTNEIVBIANTIU[ATEN

oW
a

esanmaiiaufisewesiusjisenaviatuniuinvesinssUfisen auin

2
= @ @ M

sunAuazunivewssUjisedadutieiuguninanouss@ndamaasiassfizen

Ufisenaviialafilionsaujisenfiiuniinisinufisenss tusedussljiseseivuie

U

sumadiniieiweiiausaissliufiseninldd lneufiiaveseuniareniiasmiodmdn

Feniuidumwz Ssausomlain 35n1seedu (adsorption method) w3e BET
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(Brunauer Emmentt Teller method)

2.5.6.2 5AUN1INTENLAYRlaNY
n1snszatefivesiaselfAselangiiduussosutuiliiiuiiiaideslase

i o

MsinUfisenfinnntu esainnisnizanemida dusauiiseldianissusudutou vh
Iiliundeuiiinnsifinugisoivestausejiten dwalvidaisefizendivssansniwgsly

N13L3aUTeN

2.5.6.3 USU1IM58099190a A URUILLUYD99D9UT 9

USumsio9919 wieUinmsgngu (Pore  volume)  we3sssuiiTendudl

v ' 1

at @ e A = e LY [} aaa s ] aan da a n:ir.?fl = e
AINUFUWUIAUN ‘V]N']‘U@\?CP‘I’JVNUQH?EH ImamLiqﬂgﬂimwuﬂiu’lmgwquqa UWUNHIVDY

9
=l

fssfjisengeliuene daalinisissuisenvesiaissljisenatu
2.5.6.4 AUTB3lIVBIRNTIURA3ET (Catalyst activity)
mwaesbvesiassfizondunisiadaiuaiivenisniuansalunisss

aan ar 1 aaa ot a o YV aaa o = L4 [} =iy 2/ '
UffTevesdnseujiser viednsuiimiliujitesududidaunanild lnonaawdedla

2 o
. & ala

YUAUFTTNYIRVDIAITLASINUG WUNRQ (Surface area) N1SNTEANAIVDIVUIATNTULAL NS
NaEuAIUTuLRe (Modifier) @addasu (Promoter) wsadagiuga (Inhibitors) FeatuisarUaeu

AuantRvew s izenls lnaduuwiamailiannsaissuinisonele

aaa

2.5.6.5 dadauntsidenyitufjizenvesniseufisen (Catalyst Selectivity)

aaa

mmawmamaqﬁm’:ﬁ'aﬂﬁﬁ?mﬂmauﬁﬂﬁﬁﬂﬁgﬂim'lul,é’umwﬁ'ﬂ (Reaction

pathway) mmm’naumaauqmwm T,mm aﬂm‘dgﬂ‘a‘mwmaamsLLavﬁﬂﬁLﬁﬂﬂﬁﬁ?m

o =l ¢

draifies (Side  reaction) feuiign nsvddadrunsideniuitergeduiuninSaeii

tg & o o a ' o o a a s 1 aan
Aesmaiudsintuedrannduivuseaninmussiassufjisen

2.5.6.6 AULENYS (stability) ¥39 21815l (Lifetime)

AMLLET BT3RS I UYRIRLTIUFATEN AoaindsslfiTenaiuinns

Ha v oA

anmlunsissljitelaneudesanimissnngydomiuiodds duseujnsoninnesdent
nsldnuiuiy awnsassdiiterlavateseulaglideuanin madenldfissfitonnas
Adstsmnuatiosane oAl jisenervsdlivaisufitonasUfisondaneauns
ujnserenavilisssujisenvasugulvegluanmiliannsaseujisenlssn

2.5.6.7 N1INTLAWAIVBIVUIATNTUVDIA 585U

- £ o =l @ @ s = el | a a

uanINUTIATINTULAY SallvasgngundudadenianinaseUsz@nininves

mseUfiseauiu lnedulvgjdesinanslueyniavessissfisendnduuia gusis uas

A nlsiminamauaziingg Wouseiuvesgniy lieanaen1smnsnsEaIefvesvuIng
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wiu udEsninnsnszaedvewngngulamedsnmgaduatedululasiau (Nitrogen
Adsorption-desorption)  lagilusinagmunslgungivesnisgaduliineg  uazfnw

o Qs

mmduRussEnisUinamasngngaduiumudus e tuduresa sazaeian e
aunavaINIsgady uanseonududunsmiiizondn lelameuntsgadu dainwd 2.7 &
dunsduunlelemeunisgaduufianiuszuy IUPAC laglelawen 5 wilausn (Type | e
Type V) lﬁgﬂﬁi’%mnﬁﬁguwi U a.i. 1940 loatnIvend1ans 4 vinu lawA S. Brunauer, L.S.
Deming, W.S. Diming and E. Teller wsaonaisnnisinuunlaleimey 5 vllausnindunis
TWUNAIUUUUYDS BDDT [36)

Type | Lﬂu”l,aisfjmauaw%'um‘sam%’uﬁﬂuLLUU%Lﬁﬂ? (Monolayer adsorption) %38
Bondwuvuanded (Langmuin Wunuuideiige Wulsingmsainisgaduresansitlid
gy viedlgnguuunadniduaiuruan wu i viadlelas wukilunsgadu
mandl wagmIgedunnenm Ssuhinunimgetuanituetemmifiaududsing
(Relative pressure) i1 uagiinusudinivsgs Wnlng 1 asfinisgaduidniuiisadnios

Type Il lolewaugusiaiesa (S-shaped isotherm) ﬁﬂanﬁmﬁui’aﬂﬁlﬂﬁmmwiuﬁaﬁ
ANUNIUIUIAtLG  (Macro-porous) ﬁﬁ}mﬂﬁlauﬂi"lw (Inflection point or knee of
isotherm) iusunisiifanignaquuuutudonievanysaiuds ieiuanuduszmils
m‘i@uﬂ{fuLﬁmﬁumﬂn’iwﬁaﬁﬁguﬁaﬁ'uﬂﬁﬂﬂ%’ULLUUﬁ?{]’dLﬂumsgm%’wuwma{h (Multilayer
adsorption)

Type |l Lﬂulaisajmwﬁlﬂﬁfqmﬂﬁﬂuﬂﬂw fisusnapdnenszanid Tolewmonuuuilyl
Asgnuinninaziaiunsgaduiilinduse iunisgeduiiistutureudeilid  gwyu

(Nonporous solid) uazaasidandznsuvunanidudilng uilumnfifiussigaszning

|
ar s at s =i L% s

mgadu  wardagngaduinliudaseiligeduldes  innisgadunuuduiieadinnudu

U VAT U

3/
ot ot L3

duwivsen uslilaiinn1IgaduluuraIetuIiALSIRNANTENINFIgnaadumB iU vinlil
aaduldiunvunauRuduinsntia1ge

VoG

Type IV \lulalamaniinuinnluiaguiigngudiulvgdugngusuinnans (tungwiu

§ v U i )

2

sendng 250 wiluwns) Tugawsndadidanududuimsandulelameuszmiloutulely
weuwiladl 2 mmfumi@meﬁ’uLﬁuﬁuaﬂﬂamm%f’nﬁammﬁ’ué’uﬁ’wéqqﬁuLﬁaqmmﬁmmi
AruNUULATaaS (Capillary condensation) %u‘lugw;u FailwiAn Hysteresis loop lugas
Desorption %a%’a%amaam5Lﬁmm'§muLgu'u"i,miaaLLﬂ"TJaﬁmmsaﬁﬁmﬁm’ammmini:ﬁma
YUIAVBIFHTU (Pore size distribution)IumaqLL*ﬁaﬁﬁgwqummmﬂmﬂﬁ nMsAuLUuLATANS
ylyig Desorption fiUSanmugeduiiganitnisiinnisgaduiinuduviity

Type V wnilouleluwvenvda Type IV ssdufisaianisarvwiulugngy @

Hysteresis loop) lalawennuuilagwulivsetin
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Type VI (fulelsmauwuudutiula (Stepped isotherm) lalewneunuuiisenuliivee

Specific amouni adsorbed n

1n Tnsmnwulussuuiidumsgedusuudusetuuuiuitiideudsadafu
sUTwvedleluwmensziusgiuszuy uwavaamgilumsgadu
| I "
B .
b
v v vi
B
kY
Relative pressure p/p®

= a
i 2.2 lelameunisgadu

(17'im: http://saf.chem.ox.ac.uk/operating-principles-3.aspx)

2.6 ﬂismum'sﬁam'a'ﬂ::ﬁu.naJm'a'na'LmaﬂImumnmﬂLagﬁﬁn

2.6.1 wnuananalsuanlau (Y-Valerolactone, GVL)

(Uniform) Tag

A4 aa =1 a o ¢ aa v =
LLﬂlJiJ’]'J']LﬁIﬁLLﬁﬂImU W78 YILLea L‘Lh.lﬁqiﬂ‘iﬁﬂﬂUQUW'ﬁﬁwuiﬂiﬂaﬁﬁlqLUULL‘U‘U?\?LL'W'J'U

eAm Nilgninaaiifie CHyO, Wuninduenduasizilannsmajdin (levulinic acid)

HunsyuIuNslelasiiudu (hydrogenation reaction) Filasaiunndiueaszgniun Tl

gaamnssullnaafivazndny Ieednisliduasfuusaiaiiuavosamuiaz gy

Use@nsnmniswen s linunelngs wananildeiininihdueaunldlugaaimnisunisngn

a s o ¥ o a o = = [ v @ Q‘S 2/ a a &
wodlwes wazgnihluldiudvhazarediden laeavnmsldiduarsasiulunisudanediues

o4 a  w & [ a €l & a | a v a v ¥ A o = &
WﬂNﬂﬁ]ﬂﬂJ%ﬁ]%lﬂLUuWE]ﬁLMEJ'W]iJFI'J’]EJLﬂuum‘iﬂﬂﬂﬂLL'JﬂﬂaN@ﬂﬂ?ﬂ YanUeaRILeans LUdu

WaUNAwnUnTiUszansnm denuduiinsreduinasy waylifiie [37-38]
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AN 2.3 Taseasamaaiivasunuuiitalsuanlau

(‘ﬁm: http://www.coleparmer.com/Product/gamma_Valerolactone)

2.6.2 nsaalain (levulinic acid)

asdda

nsmagdiln WWuasusznoudunigniilassaiiannaaiifia CHyC(O)CH,CH,COH Fadn
aglulsziannsndln (keto acid) Fausgneulumensiaisuendan (carboxylic group) uaz

mijAlay (ketone group) nsawadfiniundndueifiléannisdunsizitiniasinaistiuia

lasilunistoadiansnvasdiniatanled (hexose) luars@ruaatinu
hydroxymethylfurfural LLazﬁmﬁaﬁuﬁﬂSuq wazurlukunszuaunisalaiadu
(dehydration) Faldnaninusioanuiunsanediin (foemic acid) wagnsaiaatin tuies lae
snsaagatnanunsatilulssendlinuldnaeadte dausanasilulduaisreiulunis

wndvemans lunisgraimnssunanain wazndrdgnsldduansaiulugaamnssutingiadl

waglamaeansolinga wnuuualsuaalay liaiadun Wusu [37-38)

(o3

A

formic acid
[H] M [E°], H,0
- \ / OH > =
-3H0
o
OH
OH
fictose hydroxymethylfurfural

o]

H OH

oM o

HO’

]

2

levulinic acid

MR 2.4 nsrvrunsduasizinsandfinandiniansnlag (McKenzie, 1941)

2.6.3 w)aiintedamas (Levulinic ester)

o sl

w3ddneames Lﬂuaﬂiﬂ§SﬂQU5UW38WﬂSﬁﬂE]‘UlUﬁ?ﬂﬁy:ﬁﬂﬁ{fuu@aﬂ@ﬁ%ﬂﬂfuaﬁa

(alkoxy carbonyl group) uagvsueanased (OH group) Fuajdfinieaimesilundadusila
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Fuaszilaannsiujiseneamessiiadu (Esterification) vensaazdtinuazueanesed

FaaqatnwamesiazgnihlUldduasdsiulunisndaunuaninalusanlnuiuies

Y

o<

Al 2.5 Tassaumaniiveaaainioames
(ﬁiJ’l: http://www.google.com/patents/W02003085071A17cl=en)

2.6.4 nszuluMslalasudu (Hydrogenation reaction)
nszurunslalasiudy (Hydrosenation) tiunsyuiunisisinisiulalasiaudluly
Tuanadilidudvesasdunid  Inglelasiausziinllunuiiussduadluiana  Jadu
nszuaumsildlunsdanspiununalsuanlauanajaineames Tnefasenlelasd
wiu wusladu2 Yssinwae [39]
2.6.4.1 lalasSiuduuuuiilu (Conventional hydrogenation)
nsrurunslelasuduwuuialuil avlinissafelalasoudilulunsyuannislaense
liAnn1smeauieukazAuaugdlul fise
2.6.42  uaannladnnsiudiiedlalasfudy  (Catalytic  transfer
hydrogenation)
nszuvuNsuaARalaiamsudineslalasdiutu L‘TjunixUQUﬂﬁlaIm%Lu%’ugUmerfjd
Tnensvuunmstasiinsldmsfinmealuidnlumeaunazllasauosnaudguiizen
wiunsgainlalasiauiignssuiunislaense lagasilvenns in1snlgauTouLayaAIy

@

aunanIlalasdudunuunill

2.6.5 nMawasunsaiagadniduunuuaialavanlaudeufizeuannlafnnsud
waslalastudu

UiAsewasmlafnnaudleslelasiiudu uufaselelasiiuduildueanesediiu
sleznoulalasiauumunssnidlalasinutissutlnensedioailianmmiugsls Ty

nalnnsiieufizenanagddneamesluwnuuninalsualauintu 2 Jupeu [39-40] Ao
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JURBUN 1. NTTUILNSLElATIUTY nszulIunIsasnoulalasiauveileanagodazidn

o W aa Yo 1 aas | 6 v aaa a %
TWunuiiusealuluanaveajdiineames lnaldisefiselaneissliufiseiales

s

uazlandnsnusiiadu lensendiardiinieames (Hydroxy levulinic ester)

Y

dunoudt 2. nszvrumsuaalaludu lunssuiunsiluanaveslensendiagaiinied

wWasagymMsthulasiusziinndn Saundunnuunialsianlaunazioanages

o] OH
O Metal catalyst o
SR+ H—-H e R Mg
Hydrogen
o o
Akyl levulinate hydroxy levulinic ester
Hydrogenation
OH
O
~ o B
R T
Alcohol
o gamma-valerolactone

Hydroxy levulinic ester

Lactonization

i 2.6 nalnnisiasuagddnieamesiluwnuunnalsuanlaudieujiseuennlafion

sudeaslelansuty
2.7 walALazlATadilnATIEH

2.7.1 wallan15iaeuuYessaddnusd (X-ray diffraction, XRD) [41]

Tul A.A.1895 W.C. Rontgen lddunussdiond (xray) Fuduanaduveinisudded

[

wiiwdnlwidaands fanueadueglugag 0.1 - 100 A %38 0.01 - 10 nm Sediinddadn

E 5

Lﬂutmdawﬁmuﬁﬁﬁﬁ’U'Lmﬁﬁnmmﬁmmmamiwmmadwaé’aﬁﬁ@lﬁ%’mwi’ﬂmualﬂLLm

2
=

vareviu feduudiudfnwnfeafuantisaynnfadunsievesdadidndfuaasiedu
N9AATUAIATEIVDITIES NG ﬂﬂ’l‘iu‘uﬂ’eﬂ,‘wLﬂﬂU'ﬁ’mQﬂ’limm’N‘]L“UU WiAn1siaaaung
vl (emission) N3gANAY (absorption) N13M58L34 (scattering) W3l N1slABALUY

(diffraction) Wusiu Usingnisalmariiludnuazianiz (characteristic) 909 Waaza1siis

2
Var S

gu1sauINIATIEILAillasalAe
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1. 1#ins1zsimesduszneuasssinsadlu (elemental  analysis) ialuidsnainn
(qualitative) wagU3unal (quantitative)

2. Wnwimlassadradidamseling (electronic structure) Faanunsnlvdoya tAeay
nsLAnwusEIAll (chemical bonding)

3. lAnwlaseairandn (crystal structure) wieluanavesansmeamaianisdeiuu

& € P

F988ng (x-ray  diffraction) Tun1snwiadatllaldinadanisidenuusedidnd iNednw

s

lassasimanves  dussufiselane msdensiaisiedlagldmeaiinnisidenuused

& ¢ d aad o [ 1) a ) d = v ¢
LE]ﬂ‘ULUu']ﬁVI'i’JﬂLi'JLLa%@ﬁT‘ﬂﬁ@U\lﬂqqﬂ I’ﬁﬂ'ﬁﬂiﬂ’lmu@ﬂ AeMINLALIINGID LUBRYTIELRNDY

at ] =

adluds ansdegnlaeiamuenaduiivduey Insfmuayuisidannssnuiuansietig

2
= ﬂi t 1 41. d!

wuLunsiazvisusenunssiinnisumsnaaainTuiyuazvieuaIvile Sadamnsainesnun

a

laglaWdunnesurseseiuiaiad diffractometer  thudsuidunsinanuduiudsening

U

ANUTNYITidNarious onukasN IS VUL AR Faazldanaiuvesaismedi

e
s v |

1191NAIAATN YRS ENAE B uDaNYT AMANNEIAAUYDISIEENT LagAyuTiEs Ul
dfwINmAIA LUt UNAN YR T IABnd lUnnnsenuLn azvieunduvIes d-
spacing 0 Bragg laudasnisiindnuvsndusuiiosainnisasiousioseuiu (hkl) dadl

SELYLWIVDITTUIUWNAY  d AILARILUNINT 2.12

x.46
d
NZ
dsinB dsin®

AN 2.7 N15ELYAUYDITIADNTINTEUIUNANTIVLIUAULAZ TS UE199 892U U Ud

(Fiun: http://www.cefns.nau.edu/geology/naml/Meteorite/Book-GlossaryB.html)

PN 2.12 iligmnnssnuwasyuiviunsnduminiu O Ssdavuwsnduasiia n1s

9

v
=

WS NADALUULES LA LA L UNT AL LANANYDITLEENINITAUN Y0598 2 Ldu (L&u

1 waz2) dandudiuiufuyinvesniiuemaauy tude

2dsin@ = nA (2.1)
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aunstiiiondn Reulunisainuwsnduves Brage Imefiaunisiaziieduldiie A < 2d

¢ s dl = v a a d! 1 1 al L2 4
FalunrvaaesariauuinszidsennainuurSsdian Fewsliaviniu 20 wansdaniwii 2.13

Incident besmn
from x-£3y tubs
Of rRICICT

2 To erystal spacieen
o on retuting table

components of
main beam

a ) & v oad e
AN 2.8 ﬂ’]i?ﬂlﬁlﬂﬁ]’lﬂﬂq'iLaEJ’JLUU'NaL@ﬂ'Ti

v | 1 v oo e & as ' = v v
lunisnaassaglanimszninsanuiduesisdiand duaiyy 20 Fansadilaann

a

Insziarszyszuvdaluandsid miller (hk) 13 91nnsanasnsadvaumAl d udn
luAumainsiuaniis (lattice constant) dedraau Tulassasrandu wenalnuea

(hexagonal phase) @usamuImAn d laainaunis

7 O == (2.2)

i 4(h2+hk+k2) 2
Cy

a?

i3 esdlofiTanisiaeauuressediendretaiavondisdanunsalafines (X-ray
Diffractometer) ngiindnmsvihaiue ioudesnssuaidludsdaualne Faduduaanl
arFou tislildvaensoutuviaiindaugame siliBidnaseundsugimaneanuan
Frualnanaziadrmunelun Fadulaveiiharuieuldd (aveitenldidudauolunie
nawwnsazluduity Tegnasailinesunznduuasiidauasiivmraniuadnoumdn
soNVUIMNEITaA ey ﬁauiuﬁuﬁﬁmmmzﬁm%’umﬁﬂmumlmgﬁamﬁﬂﬁﬁmi@mﬂﬁu%’dﬁ
londlem) Fuihlididnnseurdlungreenin edidnaseudududiluumuiioesineaiidng
welumazaendsaueonunluguisdiond uazanufoussdosdithmdefu Tasvhlufsdiend

= 3

NATULALUSIIY 1 % VDINAHUNAIBDDNLITIMUA SIFLenTNALDNUITITISIEeND

=

WuuawIEdY (Characteristic) Mdu K uaz KB antuddldudunseuasdadushgandu

' (%
& =il P

AnugIAaUliiedn1s Mineriiaves KB senluiialivdeisdiondiiinadeuuasgn

asaadalagdnnines (Detector) Feamnsainisdnizidala o yue1aq vilvwen 20 la
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v ¢ ' ! b

MinnagenuandlugunIvauduiussenineainudy (Intensity) uagAyy

1

]
s

Toyadn
20 Tagarsusazaiinazlisuuuunsideivuresisdiondiunndreiuly Tasaunsavhnms
nyaoUgULIUMsAIULYesdendiildlnsnsiiluiSsuisutudeyamasguiiegy
wiludioya joint Committee on Powder Diffraction Standard (JCPDS) dutsgnaudiddsy
Y9UA304 (X-ray Diffractometer) fis

wananagy

Focussing Mirrors
(or Monoc hramator)

4-Circle Gomoimeter (Evlerian or Kappa Geometry)

A 2.9 druUsEnauraaATad XRD

(Fiain: https://anic.kaust.edu.sa/Pages/Facilities.aspx)

2.7.2 walayFeimaunedun  Junsusedwninsalnl  (Fourier Transform

Infrared Spectroscopy, FTIR) [42-43]

N3RANAUTIFBUNTUIALD9ANT ﬁﬂﬁgﬁmﬂwiLUS&JuLLUaawﬁmulumiﬁ'madiuLaqa
Bunsnse WutrmilwesaneduveansudSsiudwanlniadsfiauady Wave number)
aglugelszanal 12,800 fa 10 cm-1 Ws0129ANEIAALAIN 0.78-1000 Km 229989
Sunsnusauwdslindu 3 9o

$dlndduns1sn (Near IR region) utasiieglndiurisidida wuiwounsgandu
(Absorption band) filgiraudne fiuslevilunisinsizdansusynouszlsunin (Aromatic
compounds)

%29na199uNsLIA (Middle IR region) Fraiutnanu Group frequency region BE‘J:
5EMIN 4000-1300 cm-1 Asanauitldlurisidulngldainmnmi#tsidu (Functional
groups) m’lﬂﬂmaa%’ﬂwaﬁmaqaﬁamgmﬁuas Finger print region ag3¥1314 1300-200
em-1 awnnduiilalutasddulvgiinanlassaieduenaiiauual Fafuadnasuilldds

| Y | & ) Voo o = 9 a = ) v
ﬂaUEU'NEJ‘QEnﬂ ﬂqi’JLﬁiqgﬂﬂﬂmﬂ\ﬂfﬂq5Lﬂﬁﬂ‘UW]EJUﬂUﬁLUﬂﬂ?i.l“ﬂ@@ﬁ']'ﬁ‘wmi']uzﬂiﬂaﬁ']@LLEﬂ



29

1alnadunsse (Far IR region) vasiildaeslald Tunisimsisiiiesanaiunaiusig

ffinazAnanmsduredassaiimiefaniswyuvadluana ﬁaeﬁagswdw 200-10 cm-1
dwiutinavpduildusslenilunisieseiiy udienardunsusadudnilng fo
4000-400 cm-1nszUruMsgANAuLAsdUnTLIn luanavesa1sasganiulasdunsusale
feslldnumey warannzfivingay fe

s

1. F9AUSoLAILUALADINNAIIUNDLMUIZNDA TIeyin Al AnNI T

X7 s

2. ABuinN15AAIU (Coupling) wadAsewitsawulniIaINn1TuRSId AT Liled
2

2
ot

= @ o o L) ¢ 1 al @ 5 a
nsgandundinuudrgiliinlumuididuesduanatulisulusniuiouaidunsiise

[l 14 < Y o L3 3 1 2 dyd o’.’/ 1
NWUL‘U']LLUALUI‘MLﬁQﬂ’UE]s‘]ﬁ’lﬂﬁlﬂF]’lll LLﬁ’JLﬂﬂﬂi'lﬂ{]ﬂ?iﬂJVIQﬁQdE]EJN‘U'IQUUUL?EJﬂa’liuu?’l IR

2
s

active flufimsiasuudasluausaiaguansiiasiulu R inactive fodnlufinisganiu
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wasdumisnsn diimswAsuaduauddagunaslifiauaunandugs Suudsundasiiosay
IsALnugandush
2.7.2.1 Uszuavvaandasdunsisaaininsalad

iwsnsdunsnawninsiWinfivesuveendu 2 wuu e

1) n3esdunsnsaanlnslnlafines Aldssuunseatsuas (Dispersive infrared
spectrophotometer) Fafleduaaien (Single beam) uazulinauadd (Double beam) W
duasdidunTofilizuarindenuinnit  waswuidinlaeialuinsizuuaansind
(Background) fiiinunufaluusseinime uwiaasuaulaeanles wazlot avwuailymily

2) \n3esiFeinunedy Survisawnlafivnes (Fourer Transform Infrared
Spectrometer, FT-R) lagiluiaSssilonsannlngalal dusnlévudnnisnszaiouadwss
anndy nmsunsedudivdniviludssiiaule Wudmuue Wy Tuthewasdursisadii
AEINIED TINMsTUTinaTeIRIAI LT LTewasERIILE WioALeIAAuTsldaanin
WuaneduiSenin Frequency-domain spectrum ﬁ'aﬁl,ﬂuﬁuasj uaaldisnsTaaelulng
Fannududuresuansomdwosaiaueadusegfustedeidondauiunanionii
Time-domain spectroscopy w3elagvialui3an Fourier Transform Spectroscopy @eazli
amﬂm%'uﬁ"{ﬁmﬂmﬁmms@mﬂﬁuLgaaﬁmmﬁ@mﬂw%auﬁwm fatfuFsanunsatelinig
ArTesisandatiu nsuen Resolution) fAntu wieilunsvili Sienal-to-noise ratio A
NITI5EIIUAT

forvaamisliiadayidoinsuanesy viuldtagffe delinsiesmzivienisin

awlnaduresasiegrainlimsaninaiesdunsusaaiunlnslnladmessssunimaowmi

W3IEN13IRMBLIATaesIINAaziduluUIndiazaud @ FTER  Jafinniudsiesedi

v
s i

satiles uenanildsamnsatelinmsiieeiig uazazainusmensidnauimainiuay
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e dudade fe FT-R WWuadesfieniisnnium uazdeadeAineinugs

2.7.3 Lﬂﬂﬁﬂﬂé’ﬂﬂﬁgﬁﬂﬁﬂﬁﬁké‘ﬂmauLL‘U‘UEiaeﬂ'a"m (Sacnning Electron microscope,
SEM) [44]
dumedinfiiaainmsaaduiioimuiussansamlunisuossiuinguasndesganssesd
Tannsouanuasmeasidentasnwliuntuniiiy  Taenisuszgnidiendidnnseuls
AnsauInuaTeassavesnmldinntuniuiy Aifdiseduduniedunaanldunundy
waswagldiaudaualviununuaudnszan wazdifnsiainfiavandudygradidnnseud
A nnisiiadidnaseulunsenuiafaegis mnﬂ#uﬁ%ﬁqﬂnm“lumiLLUaaﬁ'rgfg’lmﬁléﬂﬁ
Lﬂuﬁ’m_,zy,mmwﬁﬂﬁﬂguuaa%‘umwdalﬂ wedadiinsldmuegeniimwandunaisain
wu Yaneans lulasBidnvsedn ssdiiven $ine1 uagnisunng Sellgausuiiddy 3
Usznis leua (1) mmm’iﬁmwﬁﬁmmﬁmﬁﬂqq (High Depth of Field) (2) @u1salnigs
wenULesLlegs  (High Spatial Resolution) (3) annsaldsufumaindy Wy Energy
Dispersive Spectrometry (EDS) hag Wavelength Dispersive Spectrometry (WDS) ey
toyardandl Taoiedosilefld Bendn ndesganssmiBidnmseunuudesnsia (Scanning

Electron Microscope)

2.7.3.1 UanN1N19IUVa9 SEM
NANNITYIIUTDNATRY SEM 3zUsenaumenvasniindianaseau (Electron Gun)
= o Y A a oad o v o o i aly w ¥ |
Favutuandianasauiiataulinussuu ImanquamﬂmauwlmmﬂLmaquumsgnm

szl ndunquiianmseuszeiulaudsiusinsad (Condenser Lens) Fuimtdi

@ o0 a a

Usudrdidnnseu (Electron Beam) iilvuauavas lafiunsiiiveuduuesdidnnseu
nndusdidnaseutrisgiiasansiuiauding (Objective Lens) Fsduthitlunisuiud
Sldnasoulgugilifiaalufavuiiviietaned  uazd1dldnnseuiinnnsenuiainguie
freg1avzdvualuga 5 89 200 uiluwes lasilyavaainAIuAun1sdednsIn (Scanning
Coil) vaedBiannsan ﬁmﬁﬁﬁlumimmuﬁﬁm\immﬁiauﬁmmﬁéﬂmiauuuﬁuﬁaﬁisﬁu

agyiiann1sUanUassdygutinnige aonu

'
s =il = 1

dyanailaandygrudidnaseusinnneiiialu fe

s a a =

3 = | oa & @
1. dyguninanndianaseunienil (Secondary Electron) LUUNGUBLENATOUNAINY

U

mUsz 3-5 Banaseulian dinfifaseaulidn (Wifiu 10 uiluwes) leeiafusiaifing

a d

PAATNEITIAIBENATIUAT

2. &y

a a a LY < 1 a g
BN TN INBLANATOUNTZLAINGY (Backscattered Electron) lunauaianasou
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'
Ve s =l

BilinmsounRugdl afinuRasedufinnd 10 uiluwes leedeldRtiusmidiavesnougs
) v oo d & a ad wad ¢ W 2 = ' & a a
3. dyuarunwannddons sdanilussdondianizen WurduwiwdnlwiAnia
ndanasauIndulaasaalunuunud LLaa:ﬁ’maﬂwﬁ'ﬁmuma’[mﬁaamﬂﬁLﬁﬂmau‘ﬁgﬂ
= Ao w ' ' 'Y ' a A i <
AU TUNUNAWANIUGINIT T,ﬂEJmsﬂamﬂaaawawummﬂuaaﬂmlugﬂﬂauLmeaﬂlwﬁ’l
ievhlviesindsnumnnesungaeaniainisesnu vilioianaseusossnwiaunaves

lassasraneluezmey Tnenisfedidanasauandulaasdalulduiunud Lasdosannasany

s s 1

ma'lun,ﬁaw'mSaﬁnmiauﬁQﬂﬁwmmuﬁﬁ'ﬁsﬂuwaqanugjam TaunisuanUaosnasanu
i a - | < A o o as - w W e a w a o
druiueaninluguaiuwimanini thevinlviiesindsumindudulaasiduuwnud 3
= ' 2 X - | ) ° P - ¢
pauulmaninihdfianuereauansluidazss Jennsadunldusslonilumsinsgi
SIMMUANUNGNUYDIRIRE AN LT IUTI AL AN W
2.7.3.2 dquUsenauvad SEM

I v £ L] at l:‘

d1uUTENaVYRINABITaNIIABIANATEULUUADINT A WaRIRIn A 2,13 uasi
drdszneudAgeyluvegyyinie leemihivesdiudsznavunavdulisvazidunmail

1) wasiuiadidnasaunuutiudidnasey (Electron Gun) laemluldunainsisainu
a & ) 1% fa & \ A4 a & o a
anmsounlilundesganssaddidnaseuluudensin fe DlANATEUNNGTLIS
nduuardidnaseunfend

o v o

2) Laudsiuuss (Condenser Lens) viuthiidsruldidnasauiivuin wagaiududy
wnzanfufeds e lildnmidniigaiididseediviains msaavuinvesddidnasou
dztERurnaveshdmeny

3) wnaIRdmuNsdoans1n (Scanning Coil) iwthiidsdulididnaseuadauly
LNUBULAS LS LSS 8E1

4) waudfng (Objective Lens) \utaudiilididnasoudanmduiu ordusune
aunlwiuazauuwivngn awisavsulasumdwesanuaudaveannld Taonisudu
Unanszualwihluveaiaudmdnlii Welimannsudsunlasaumunuiure aduuss
wiman

5) fmsaaiadidnnsau (Detector) fuuAsudyandidnnsoulidudyaiallnih

o

vsedaunm lnainudygruusasyaanUatedidnnsou Usingulunwuuaenm
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clectron gun

vacuum pipe

electron beam

condenser lens

scanning coils

objective lens

] detecter
chamber ©

i 2.10 duuseneuvveindeanssaldidnaseuluudeinsn
(: http://www.mfu.ac.th/center/stic/index.php/micro-analysis-instrument-

menu/item/96-scaning-electron-microscrope. html)

2.7.4 mafiadd49 (Brunauer- Emmett-Teller Method, BET) [45-47]
WUy (Surface Area) ¥8%1s (Dududimsnmamiifinuddgsenisunluld
Usgneumsinnsametharsiuluimundundadusisneg  Alnunmanuidesnisve

mudnasguivue msianunimneluiagiiinuwguilalaonisdnvnisgedues

=

whalulnsiauvsaniadunivuindn @y a15neu T,ﬂﬂ’lﬂz’fﬂiﬂwﬁmﬂlﬂwamaamam%’u

=

NNNYAIN W3e150s7 (BET €a1139n Brunauer- Emmett-Teller Method) wamwnmaq

whgLwan ('luwou U maalulmmummmaaﬁﬂaumm) ‘N‘UME]EJﬂ‘Uﬂ'ﬁ@]WEU lneay

a

TRERITRITIEY Laqaﬁimwamm ﬂ’i‘iﬂ(ﬂ“ﬂULLUU‘UULG}U'] ‘N508VI’JI‘WE‘[’lﬂJ’l‘iﬂﬂﬂlJTiﬂﬂ'IU’Jm‘W]WUVIN’D

anlulel msgaduves N2 dsgu asfalidludisusnlagazifiumiuanudu aunsensisgn
Wasuulas (Munds B) Jadunsimlagsu uansfsusngmsaiimsgaduvuiiuiouuuty
e szifiansmukduveslulasaulugnswiliviumsvesnisgaduiindueghssns

dunsiikannuduiusyesinasfignaaduiininudugessineg uazdiunsiignga

Fuuaninnsilunsgaduiniien fie aunsuotan uandluaunis

P 1 (C-1)P
V(Pg=P) VipC = VCPy

W9 P fAa snusugasvasuialulasiau

AD AUAUBNAIUBILNALUTATIAY U DAUNATINANYY

o] q U
o e

Vo As Ysuesionesduiainueiy P

YU U
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Ve A8 USunasiigngaduiniliiinnisunaguduiden
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o o A aAa ad o o v -
AN 2.11 ﬂi']wﬂ’]'i':]ﬂWUWN'}Iﬂﬂ’lﬁﬂqiﬁ;}ﬂsﬂﬁsﬂaﬂuﬂaﬂ?FJUEWI

aunsideulvegluguvesnsmidunss Y = a + bx el X 1Tu P/Po, Y 1Tu PAV(
Po-P), afegasaunu Y 10U 1V, C uazimeu b anudu 18 (C-1) / VaC niuvinnisidau

nywiilsannsmualuglidunsasaunstsi dwgd 2.17

U

Slope —(C-1}/ V., C

V(P P)

it ™ Intercept = I/V_C

M 2.12 nswialannisannalusdidunsavesaunsion

PNANNTVDITDN @ UITIAUIURURRITUWIzURa5le Lagta1USuinsasawid
lulasiunldlunisrquiinesans viean v, Aleauns 1.11 lAamduluanaves
wialulesioungngeduluanm 1 Fuluana udrFuhlumuramiuiiisunzlasldaunis

fail

Sep = NpBmaxSo/ W (2.4)
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lngi
& & da o 1 [ i (Y]
S AD WUMITWWIZYEdans (ibelunsaunssaniy)
Ny fe taverlanilas (6.02x1023) (mhaluluananensulua)
fo Fuulaanaveuiangnaaduluanin 1 duluana (Wiiu V,/22414)
So fe Wunlmhdavedluanaveuiangnandu (1.62x10-20)wureidu
AT NLUAT)

W fAe imdnvasansvsesiantu (muhadunsu)
U

2.7.5 wadaufdalasulans i - uwuaidUnInsiuns (Gas Chromatography - Mass

Spectrometry, GC-MS)

waflaufalasurlninsl-wpuaaiuaaualysidines (Gas  Chromatograph-Mass
Spectrometer, GEMS)  AardluiaTesileftiiussansnmgannlunsiinssinansuszneu
dunidusziananeg esnidueissdledilfiiiensiinssiieqmuawiazidsusinmi
fesmsanuuiudige annsailieudisunaiiasisiiugiudeya (Library) iitenugnees
lelnglisndusiodldansumsgu ddedudefvesmaiinvonnasions 2 Ussan e indes
uwfialasunlnsng i (Gas  Chromatograph)  uaziadpsuuaaUaaUalnsiined (Mass
Spectrometer)

Tunadaufalasuninnsil-usaannlnswssansiidosnisianeiazsoagniinliogly
anuzuia indeuiiiunedijvsuasedasnlysnamiinguuadiunivsiimes lumsideuse
sghaniesiiaetasdesiisruuidonds (interface) fuzaulnsiigumgiig ileliansng
agluanzufauasiinisuiuanmnsuusseimaanuaenedutvonadowfalasuilng
ﬂiﬁWﬁdlﬁLﬂuqmmﬂﬂWﬂﬁauawﬁﬂaj‘wwL,maaLﬂﬂ‘[mﬁma%wﬁdmﬂﬁu luanavesansazgn
iliAnduleseuluundsiniinloosu (on  source) nanetdusyniafiiivszy Fonin
Molecular ion , M" w3a M" ” udgandnvidafisgainddiuusniig (mass analysis) S4az
wenlesaulagsnidruvesiadeusyy (m/z) Taudvdnavesaunwimanuioaunlni
mendsnisuenlossu lawizfitmuavieidenlfagidigmiassasiaiaidetector) deunf
Hulalunreiiomes Bilnnseutailnaiees (electron multiplier) asvihuihiulossuuay
Tawnesu (spectrum)  senunlasuuaaiUnduiildasdunswinaninuduiudsening
Uunaweslessy (ion abundance) fuAunasadssaneldanneiimuaudnmdiuliu
yaslasaufuAmianaUssaidunizasiansdnuuzianizrasudaraisusznau wua
awnasundunaiiamse dlUlflunsumaluanauaglassaironaaiiveusazasi
Wuntsuenlagimada GC 1d Tumsinuvssusazduazmuauainszuuresneuinmesas

WAIVANN TNNUYBITYUY TIENUANTITVBLATINAGLEIU LazUssuiananIsiAIzi
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$UU GC-MS 219uen druusznauldu 3 @ fs GC wiaszuuinaIsiivesuuaaiuning

fimos uuaaninsiives uazssUUAIUANLAYUTEINANS AN THT 2.17

@

G g P

(A
O

Datis Analysis

AW 2.13 dauUszneusEuy GC-MS
(Fn: http://people.whitman.edu/~dunnivfm/C_MS_Ebook /CH2/2 3.html)

s

2.8 9UABMNLIVDY

Akshay wasams [49] ladnwinisdansigst Activated carbon 9 nnsguIunIslalag

f 0 &4 o P ) & a a = Y & o g
woila Yulunszurunsnldlunisusudgeiuiavesastiiuiadaslinan fausiduy
hydrochar uagiinsdaasgriiieiudeuliidu Activated carbon Taaaziiluyszgndldidu

2
ot as =

fhsesiuuasiagadiu wenaani Activated carbon findmlaan hydrochar gagniealdly
FuAsInday wﬁamuLLasqmmwmwmmmﬁ N1SNEARA Activated carbon 910 hydrochar
Igsummaulafiuegraunmidessnain mslindnsasiil oxyeenated functional eroups
(OFGs) Tannuaziinsludeudes lnslumaseiivzdunisdnwnszsuiunslalasmesuea
wazariveuluwturesanstunig lneagdnwinalnnisiasuastinadu hydrochar uas
nalnnsuan Activated carbon saufisdnuinavessauussnsgfidselassasraiuasulvves
Fanauarsdndnmild Tnglunisveaesszthanstaunasiiasieg wu Wisndu lusulsa
vhdulzse Wasnudswesds sy ikmunszurunslelasmedtaniveulslasimesia 1¢
wanAgiundu hydrochar  wazn15in hydrochar  21n@15%uaR 19 RERNU WD
Activated carbon LLasz'lmﬁmﬁsﬁmaﬂmﬂﬁﬂmaﬂawaamgﬁaﬁ%uﬁwmaﬁm XRD uag

a 4 =1 o v ¥ a s s o’
Annginannulugnsuielimnzaulumsussgndltidusisssduwazigady
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Kantana uazaasz [50] ldvinisAinwimavesnsyuiunsduaseiaiiesissufjise
lavguuiisesiuiduledani Tnslunismeassazinsduasneiduledanimenszuiunis
Twa-198 way electrospinning technique Lﬁaﬁﬂﬂwﬂuﬁnaa%’ﬂuﬁaLs'w,fjﬁ%miaw
nnfuwimsiuassifaisfiselanslaveaduuisesiuiduledan Weluldlums
\39UfAi381 Fischer-Tropsch synthesis Iagvinisdnwnavesnsldnszuiunisdanszyi
fnaiu Fansguaunsdaasiesiivihnis@neldun impregnation (IM), strong electrostatic
adsorption (SEA), deposition precipitation (DP) wag hydrothermal synthesis (HT) agin
NMFIATIBIHANTEUATIERFNSIURAToMImATiA N2 adsorption, SEM, TEM, XRD, EDX,
H2-TPR uay  H2-chemisorption sann1sitasgiinanuitdaiiafaseniniaudae
nszuIuMT SEA  fanuanansalumaisediten FTS aean lasadwaiunsalunisiss
Ufisensssinduanuiniutdesloun SEA > DP > IM=HT Taglunsiinsiesinase XRD
wudssafasenfimsuananaueioynin Cos0, dudunavaslanslaueasuusnsesiu
uleddnn wazdswWiisenfmSeudienseuiums SEA uuinayniadniian (0 wlu

v ]

wa9) uagiissufiselansimisualenszuiuns IM dvuneyaalwaiign (30 uilu

= @ !

was) astumamsuilssldiselavsnenseuaumsianiuaslavueeyniavedansi

snariu Fadudadeddgyiidwarennuamsolunmsissiisemesdisaufise

Balla uazany [51] Anwravesnisdaasgisuseufjisealunissesufiisennisiaeu

o

aa [ o @’ € ar 1 aaa
naagainluidunnuumaalsuanlnu Wnsluniseassssinisduasizidusaujize
gAENN

langaauiesuusssesivergiiun menszuaunsyguion (wet impregnation) Tnes
mnaasdluteuludssidudinisiinlaveneuasuuiasassud 0%, 2%, 5%, 10%, 15%
wag 20% vinslaanurulitiudiegneigamgll 110 ssrnsadualung 6 4alus wavds

=

wFpEegamgil 500 ssdwaldsadunat 5 dalus feeneiitunsIuaI Iz

U

=

3Lﬂ’i’lxﬁwaﬁwmi‘adﬁa XRD, AAS, TPR, TPD-NH3, SEM, TEM, surface area and pore size
distribution  measurements  LagIAN1INTEIERIvRlarTARULUBIAIENANNTT N20
decomposition lagsan1sATIzYieY XRD wuirTanazuanimdnvesnedilasoanlanuayil
msnszrediimdlelimadulanediue 5% Tull defnsdulanyluesiduiiuniuinud
RAavesiusafisenlansesiivualinfianas uaziilotdussufaselansaouiasuus
seuavgliunssufisonlalasiuudulunisasunsmaainluduwnumnialauanTay
wud1 amnwannsalunsisufitetusgiulassaiuuarnianszanesvedanzasuilesuy
fsesiuergiiun Taiiteulumadalaveaetives 5% vuisesfuiduileulviiaianlunis

9

saUfnsentemuindeynufisewas landndasirounuualsuanlaus 87% uaviinig
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o aa o
WaguuUaswesnsaiajatings 98%

lker wazamz [52] vinnsAnwinisduaszisissujisendninaneuilesuusisesiu

wnuxnezgiiun et lldlunisiseujisenlelasiluladavesnsaaydniuasudy 2-

s L3

methyltetrahydrofurane uaglandndmuaiduunusininalsuanlou dedeiduansadulusiu
gnamnssuUlnsiaiiuaziliomds lunsduaneidusafjisensldnszuvaunsyudon uay

nsrvIuMiIlea-aa lagazfnwinsduasgiddislfisemisuunidulansdufes uag

'
o = aaa

lavgnanvasiinifauazaoulaiuudisesivezgliun Fanudinisduasieidissfjise
lavgdagnszurunisleaivadsiinanisissuiseniignidiofisuiunisdanszinie

nszuaumsyuilen uazllevhnismegeunisiswisewuin Miseufnsenioulvaesdavs

=t

wavinifaneuilesuumsesiuergiiun Smuausalunisssliisenleniian faonndos

i ]

@ a € 2 ) ! aas =l as aa 1 ar dl
AUNANITILATIZURAIE TGA ‘Vlﬁ]’lﬁ\‘iﬂ{]ﬂ3El']Iﬁ‘V133JE]“IJ.ﬂ'iﬂ'iEJ’W]E]ﬁl']W@ﬁE]U?ﬂﬂV]ﬁ‘ﬁ

Pravin uazame [53] Anwvinisiiaujizenlelasdiudulunsiasunsaagainlidu

wnuuMNalsuaalay Jassfisedesissfitelave Tegluniswaasaldvinnisdnenig

aaa

duasigiausaufisenlavsolinsneg M9 sAGEY Unafty wiadey wazlinsidudng

U

Ujiserlavzuudisesivarivau 5% laeumiin wazvinisvegeunisissujisendae

=

continuous down flow fixed-bed reactor system — &491An15MAdEUNITLIIURATEN

wuiwnissufisenluienuly 5%wt Ru/C iuiteulaiinngalunisssufiten Tnewuiail

NARN Y ABUNNLNIIETSLAAlAUAATURY 98.6% LazlAnn 1siUaeunasuedanssanusianys

o

100% uagsseufisendinnuadasiavaunsovinuiisenlaenauiuts 240 $aluavse 10

Julagliifinsgrdeaimannsalunisissl jaser vetilesanluidouladusaujasen
5%wt Ru/C iinsnszangdivadlavguumisasiuasveunanindemeuniulansunaiiuuag

IEoy Fsenvaviuauveddgvimissuiiserludeulviiiromannsalunsssufisenls

=)
=

an

Daniela wazang [54] Anwinsdaasieisussliselans unansou-uwaady vy

msesfugniuszaunandlduiesaiiviuasdan lngvzvinsdnwinavesyTuunisidelans

'
o =

UUAITI5UALA 0.1-1.5 wit% sasessuildasludani-azaiiun feiin1sAnwitdadeves

U

USunesgiiuildnaus 2-13 wt% wagvinsvageuanuaiunsalunisissfiseuessiais
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Uinselanzuuiisessuluufiseinisilasu 4,6-dimethyldibenzothiophene luszuuii

¢

msluasiailoafigumail 300 ssruwaidoa Anudu 5 MPa lnedusafjAsenasgninssd
§8 nitrogen adsorption, hydrogen chemisorption, EPMA, TEM/EDS 31n015MA889WU71
Lﬁaé’i’ﬂa’humiLﬁmsgﬁmmﬂﬁu%ﬁﬂﬁﬁwﬁmﬁmﬁmm 4,6-DMDBT 1 Faoraidunaun
nwlavasergiundudaauauanudunsawaznisnszatedvedanswanivu-uwant
FedanasioUszaninmuasdusaujiter Inaflonaaeunisissujiselelasiiudunudia

Ausaufisermansiou-unaity danuanalunissujiserninniisussujisendalis
iU uenaniifsuliidnsdumsiiulansuuiissujiselansivesiigede 0.1

2/
i aaa

wt% geanunsaiseufisenlauinga 5-7 ass Fanandimslamaisaujisen CoMo/ALO, il
Wwedndunawmananudugnusziunatavesdasesdundagasuussansamluniage

Ufisenvesinsafiselavslvisvy

Jechan wazans [55] 1ﬁﬁ’]ﬂ1‘iﬁﬂ‘lﬂ’lﬂ1‘igﬁLﬂ'i’]SﬁNﬁ“ﬂ@\‘lﬂﬂ'ﬁﬁ?ﬂ'ﬁﬁU?Uﬂ’}iLLﬂa%LUﬁu

'
s o/ |

waginnduresiusaujisenlaveaduuiisesiulnvdenlasenled Gainnismeasswuiy

s ' aaa

idledssufiselanglaveaduumsesiulnindeulaoanledniunssuiunisuradiuduuas

@ s 1 9 a

Fandunan sziineymalaveaduug 17-20 wiluuns vuiuiveslnvdeulasenlyd oy

€e

s ]

TusLsUfAsenianunuiUseim 2.8-4 - uiluwng 3915809 strong  metal-support
interaction (SMSI) @anszuruniswartilunisuiulssamuandivesiaigesujiselansyinli

HAnuansswaza1niusyansnmuindu Inalunisveassaz@nwinarninsviauaadiudy

'
e

wazIandungnuaiinaziiamieg AesznaniIsvaasiniy TEM, XRD, TPR, Raman,

q U

hydrogen chemisorption 3 nKan1sMAaaINYI1 dalssujizeilaveannlilavinisiedou

@ v a = & v e w aaa = v v Y - o
UUC‘]Q'i?ﬂQiULﬂmﬂqiqmuLﬁﬂ‘Uﬂﬂa']'ﬁmﬂﬁlum“ﬁmﬂa@uugﬂiﬂqﬂq 449% lquqmi\jﬂumqllﬂu LEJEJI'?J

s '

Asaljiselanglaveadsuussesiulnmiteulasenledndulifinsagdsiminvesans

9
a < o aa

fagu waziileannsaiufazenldsniuiuia 105 dalus waziileaumuivestudaigs
UFATe1ntuvinlildudn st 1,5-pentanediol 990 furfuryl  alcohol 11n8atu uay
uaﬂmﬂﬁﬁ’aL‘iaﬂﬁﬁ‘%aﬂamiﬂuaaﬁuulwmLﬁamlﬂaaﬂlﬂﬁﬁﬁmmLaﬁaﬂadaymﬂmmé’&ﬁ
Usednsnmlunaisaufjisen aqueous-phase hydrogenation yoamsidsu xylose 1Tu
xylitol qaﬁq 99% sauttan1siasy furfural Wy furfuryl alcohol 14 95% NKANIINAAEA

1

wanIHAYRY SMSI Nilsedassuisunillassaineninnisasanvestuaznanvedlanziazua
YBIRLTIU AT NRDNTEUIUNIT aqueous-phase biomass conversion reactions Wag
wona1nil SMSI frisuiulsanazduainuseivinmnasauiisevesiusauiisenlany

= £y a s ' aaa s s (%] |
wagiusuuuulunmsudasaseufitenlansuusisesiuluszaugpaivnssusaly
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Ermete uazamz [56] Anwidusesufiseilaveunadtuuudisesiumivou 3

lneluazgnliilufissiauelunuazualnavesgadiomasmuiousn Safinsieuiay
Anwdadeanegnidinlunisuiulssdnvasmanivesiusaufise eanAldansuazifia

AnuansalunMaslisenisanuiedh anuadsssiuisengnisldeu lnalunisveaes

=

nlun1sdnenares auneuaalang, sseevinessnineynialane, Usuialansuuda

[

s995U Nilsanruaiutsalunisisiufisenvessaseufiselansunaiduvuiisesiu

2/
s

ANTUBU INMITVARBINUTT TUINBUAIA, SEBEVINTENINaYnAlanziasUSunalansuy

Q =i |

msesfusraluladedidgyiinadeniuaiuisalunisissujise Tasluujisen oxygen

" . N Y - ¥ a a ]
reduction Wag methanol oxidation Wu3INiiBvUIAYBIDUNIANINTUYTEENTAINTUNITLI

aaa

Ufitenasandunig Tuvasiieniiiissesinseniteunialansiosas langasiidnunz

2
= -

[T 4 = E | ° aaa o ) e | aaa )
Aaveilduuddinunia lumsiuiitetanasililss@nsamlunssslfiseranaseie

] s a = o 1 < o A =y s
wuiu warluldadevesuSinalansuusanafe SurusynialansAusinguuiive s
s895U onfvsSualanguinagvinlyviauvunvseadidamasuinduunaziiuadldneunay
meuiu lagyuineyn1nvesfssujiseiuduegiuiuneuniswmisuiisswiiseuas

ansdunlgIossUfiTeuusiasedsu

Haifeng uazany [57] wiuinssUfiizetoyniaves Niobic acid (Nb205.nH20)
& s ' aaa -~ ' = s s € v 1 a =3
Judssufitomnsanegluguyesrasids vudisesfuaisvaulaun arsusunudnuiaz

AsuauU Uil Taslun1sAnuinarednsldnssuIUNISAS BUTAINAY T99EANYINANS

aaa

npaslasiiudsjiselulslunszuiunislelaamesialuanisveavaiiianusu 15
U1d guundl 200 @sAgAIdEd 31NN1TNAEINUIINIstATBua8ITnsyulen
(impregnation) a¢leiwaissUfAzeiiteyninves Niobic vunalvgjuasiianudundniidaioy
uiillowSsussnszurunsiadouils (deposition precipitation) enUIERTIUGATe Ll

aunIAvIAlvgjvas Niobic 1ag Inailleusiassdjisenluldluujisen dehydration veq 2-

aaa

butanol finIsy 52 bar gaumall 240°C Usingiiaseufjisen Nb/CB- Aifleyniaguia

2 ]
aaa = e 1 aaa =i = £

Tnglliinufisendu uas dusefiserfimIouneisindauilsdia Nb/CB-DP fimuaiunsn

aaa

lumsissgisornauasiianuaieslunisiiufisenasdis 40 42lue Seawnsaasulad
AaL39UfjiTen niobia/carbon MaTsumsnszUIUNITARBURIRzdA1LLET BT lUA991

@

Ufienunniige Feegaguuinreiaynia niobia wazdusiseAudinsiszning niobia waz

carbon
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Yamazaki uasamz [58] ﬁﬂ‘l&ﬂLﬁﬂ?ﬁUﬂ?iﬁWU’]ﬁ’]L‘fﬂﬂﬁﬁ%mﬁﬂLﬁﬁlﬁﬁmﬁﬂ'ﬁﬂ’lwqq
dethluldlumaissufiseivesuiinudigloth  meldannzsasdnlethreaduaush
TngldfnvUsydnsnmuesinissUfiisen 2 vliafe Ni-Mo-O wag Ni/ALOs;-MeO Fudusige
UfRSenAifid el dedaudefiten NiMo-O  agldnssuiunisanazneusanlums
w3ey ilUSnadinifaifesinnuasileiunisimdiigumgigeiennnni 1073 ey
wuidnssuffseniianudedhuasiiafisningereninssufzeiveduiuiaglev
FsaUARSe Ni-Mo-O firiunisiind Srmadhuaiadosnmgnin Ni/ALO, MO Tag

o

aunsaldonlduiunin 60 Hilusdlgamgd 1123 K esniviumsueuniziitnues
fusaUfsedien Turniedl Ni/ALOSMgO  anansaldanlaiiies 20 dalus mseilmnduey
SnunnAeduilifudaiisedesann Tavanansoaguleninns? Ni-Mo-O a1ansa
Sudsnaifnmiveuld iesinruineunednfaiian waziinsnssnefiifuuiiuiives

fsaunsen



undi 3
A5ANTUIUIY

v
o a

mATelldunmsduaneidusiselansuudsessuinanaengugd daems
duasziidisesiuaneengl8imenszuiunislalasmesdda andudsinisduasied
fsaudisenlanguuiisesiumeisnisguilenuasinnisimndndusisienssuiunas
3 o = £ = ] o v w ! aaa
asuauluedu lngazdnwwavesnisidanstinadudisesiudissfisolans uas
Wisuiisuanuaunsalumsissuisernisidsunsaagddn levulinic acid) Ty un
susnalsuanlny (gamma  Valerolactonelvassisufizenlansfiflalianazdnsidun

A9
3.1 MsdaATIEfiTasUTINIaIINRengUMEdIenszuIunslalasmesia

3.1.1 gunsal

3.1.1.1. fefnsaldmiunszuiunislelasvesiia (Autoclave)

i 3.1 dedfnsallalaameida

3.1.1.2. mugumdmivldludajnsallalasinedda (Glass)

DI 3.2 AUUZLA7
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3.1.1.3. §ou (Oven)

NN 3.3 Hau

3.1.1.4. \p30etiadns (Balances)

AN 3.4 1ATDITIETS

3.1.1.5. nszuann 4 (Cylinder)

=
: -
e
.
-
-
wl
b

NN 3.5 NSZUBNAN
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3.1.1.6. Goudnans (Spatula)

AN 3.6 FoUANANS

3.1.2 Y@guaza1sLal

3.1.2.1. aengUn# (Cattail flower)

AN 3.7 aangugE

3.1.2.2. 1Usma1nUseq (De-ionized water)

i 3.8 UlsiAnndsey
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3.1.3 TUABUNITNAGD

3.1.3.1. o’f@maﬂgﬂqwﬁaanmﬂﬁﬁﬂmaLﬁaﬂﬂaﬂﬁﬁﬁﬁ:ﬂma

3132, ﬁmaﬂgﬂqw@ﬁﬁmaaﬂmﬂﬁ'ﬁul,l.é'alﬂmmmm’lﬁuﬁaua’hﬁﬂﬂavlﬁmm%u
Tugeusegamgd 80 ssrmiwaiden 1unan 12 Flumderuniinenguazsnaainariuiy

3.1.3.3. 1hvenenguqEiuiuds imsunzeenandelidudulowding udds
thdulemengudldnivug Whdouiiialdanutuiioumgd 80 ssaneaida Wunan 12
Hala

3.1.3.4. Fadulanengundivinnseuldanutiundad g 30 niu nmeluniue
whwwn 500 faddasdmiuldudslfnailalasivesia

3.1.35. yhnsaannaunengugdideimdnuegs 30 ndusudseinyse
USums 60 Hadans

3.1.3.6, ntunhavusiifuuildufinsellelasmefifa wdTnhdwFnsal
lelasmesiiaingou inslelasmesdafigumai 180 ssraaidua Wuian 8 42l

3137, vhwonguni@iiiunsyuaunslelasmesifandaldnmuy andududy
Fouialdmuiuilgunad 80 ssrneadea 1uaa 12 dluwdasundiarutuasuue

PFIINVIULTIATNUAIINISTIM TN e wdrauiudagisldlunivuza

AW 3.9 engUEiiunszuIunslalasweita

3.2 msduanginassuisenlangacuuiisesiutiulannnenguidnas

A5n15yullen (Impregnation)

3.2.1 gunsal

3.2.1.1. Untnaswna (Beaker) Usunms 50 way 250 fadans



AWA 3.10 Tnunes

3.2.1.2. uvisiAuans (Stiring rod)

AN 3.11 WYiNLMm

3.2.1.3. Yo (Burett) vu1e 25 daaans

&

DINA 3.12 D250

45
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3.2.1.4. Wwsaanmuarsazatenianlvnnuiou (Hot plate stirrer)

ATWH 3.13 LASDI ALY

3.2.1.5. uwiawsliwmdntuniuans (Magnetic stirrer)

AW 3,14 wiasrdntuniuans

3.2.1.6. Lﬂ%;@ﬂﬁmflﬂ (Pellet machine)

AN 3.15 LAT90ALIR

46



3.2.1.7. @ UULLINDU (Horizontal Tube Furnace)

S

NN 3.16 LHLAILUULLIUDY

3.2.1.8. nuurldansdmsunszuiunmsaisualuwdu (Boat)

MR 3.17 pauzldaarsdmsusn

3.2.1.9. iemaad1nsuLNIaIs (Quartz tube)

dl 1 o s
NINN 3.18 NOAIDYEINTULHETS

47
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3.2.1.10. nuzs1indmsuldanslunszuiuniswaalaiuty (Ceramic boat)

d = o e
AIWA 3.19 MYULLYIIUATIMITULNIAS

3.2.2 Jaguazansiail

dﬂJ 1] @)
3.2.2.1. pengug18nrIunssuIunIsialasivesia

WA 3.20 pengUgEiunszuIunslelaamesia

3.2.2.2. ds1#nUseq (De-ionized water)

MWA 3.21 UsIAInUseR



3.2.2.3. infalumm

2w 3.22 dnialuesy

3.2.2.4. aalashumsn

it 3.23 pedweslulasm

3.2.2.5. fauialulasiau (N, gas)

A 3.24 uwialulasiau

49
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3.2.3 funounIMAAE

3.2.3.1 msduaneiisaiiselaneiiisesiu

1. wisusenguqSitilunssuaunislelasmesifaud luninedouin 250 &
adngiuIu 15 ndu

2. winuansazanslanglunsvlasmsdslavglumsmiidesniniunduasziudy
ssalisenlagrinisiualnldsnsduszninsiaswfiselavesadisessuiunann
AeNgUYIE 0.2:1, 0.4:1 waz 0.6:1 ludininefaua 50 fiaddns

3. Nau‘[awﬂumwﬁ’uﬁwﬁmwﬂﬂixqiﬁmm 20 fiaddns Mnduvhmstiunoy

Tnglduvisnaimdnnmuanstunuuwasasniuaisazatsduna 15 uif

AR 3.25 nsieseuasazatslanglumsy

A v 8/ o ] =
4. estunuauaisazatowal V]’lﬂ'l'iUiiﬁ}IE"I’liaSEWUﬁﬁIUU?L‘SG}UiﬁJWG}'ﬁ 25

2
v =

fadansuarfnsadisameauinauuasastiuniIuans

o

A fw_ o a v v o « v
5 ‘mﬂaﬂg‘dQWHWN’Iuﬂ‘i%U’mﬂTﬂﬁImL‘lflaﬁna‘wLGIiEJﬂJl’JLL:ﬁEmuutﬂiadﬂunﬁ‘u

ansndeuliinuieu lneiimsliaueuiiguugil 80 ssruwadsavasinvnass

P < at LY = v =i
NN 3.26 ﬂ’]‘iLf\]aﬂ?iﬁBﬁﬁﬂimﬁﬁ‘UUW}3E]€I‘§“U$]’e]ﬂgﬂ{]’]iﬁﬁ]’]ﬂﬂ‘ﬁ%ﬁU?Uﬂ’liﬂULUﬂﬂ
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6. nmsaeansazarsasuuludninesnussanenguniednetig wieulduvs

v ] o 2/ v W oa @ s =l
LLﬂ']ﬂ‘lJﬁ']'i‘U']Elﬂ?IﬂNﬂﬂd E.W’r]‘[.ﬂﬂﬁiaﬂﬁ"lﬂﬂi%ﬁ]']EJG]'JW’QN?G]??@\TEU@E]HQUE]WU

=

o a w ¢ o 'Y f v v w P ' &
7. dwiadusimimsdaasnsiudidgeuieldanuiuiioungll 105 o
wadeaiduiian 24 Flus
8. wiwdAadusiunduluvinistusdlnenisdalndudednuusnan vuin

£ I a o o o P L I o a I3
Laumquéﬂmd 5 Uaaung WU 3 Uaalums L'WE]I’VN']Elﬁlaﬂqiﬂﬁ'm?ﬂ’nﬂi’]ﬁﬁwa

i e TR

2

= @ a  w v jaaa  aef v
AR 3.27 dnuasdinadadueifose fisenauguls

9. hmsmwdndadvsludnvusidauazdnvaznilaonisiiunsyuiuns

3 @/ = a = = o
arsuauluedy igungll 900 aswaldes Wunar 2 Falus luusseamalulasiou (N2
Atmosphere) Wuaan 2 dalusiednsnmsiiugamalif 5 ssmwaluasaundl (°C/min)
wazauSuAa 100 - gnuaadiufiwuassouil (CC/min)  Tasldmimiuuuiuiuey

(Horizontal Tube Furnace) wagltvialunisvinansvauluwdwiuvianias (Quartz Tube)

i 3.28 dnvusdandniueisissufisolanendiainiiunssuiunisasusuludu
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3.2.3.1 mydaaneidiaufiselanelaglifidseiu

1. delanglumsniidesnissiuin 9 ndu Nauﬁuﬁwﬂsmmﬂﬂisw%mm 20
Hadans

2. vhmstumuansiaelduisutudnnuanstuniuuuedssnuamsazanediu

1281 15 U

a

3. dasazanedigeulieviniseuldiieeniigamgll 105 s wwalded Hu

U

a1 24 Tl
4. Mndudwdnduenldanuruudiussylunvuzieind miumn wagyiinig
wlagrunsguIunsLAaleudungamvall 900 esmalduad Wutian 2 dalue lu

ussenAlulasian (N2 Atmosphere) [unan 2 Frludednsnsiiuguugii 5 s
waldaasiou?l (°C/min) UazAandiufia 100 gnuaefiuRuasiound (CC/min) Tnold
WHILUULUIYEU (Horizontal Tube Furnace) wagldvislunisviarsueuluieduiluvien
199 (Quartz Tube)

5. (flaldndnfusidausszetanedduniswuds Sainsualidunade

avaineean1skany wazdaiuniglunisuzdaiadasiunisiineendndy

o a o foM v ' W
AINN 3.29 Namﬂﬁu’?’lw‘tﬂﬂﬁ\'ﬂqﬂNWUﬂﬁﬁU?UﬂqiLLﬂﬁlsﬂLU%u

3.3 N1IATIdaLazIATIzRfdsIUf Az lansuunisesiudauiasinaen

sug¥

3.3.1 MIUATIERAIENGReYanTIAUBIANATaULUUERINSIA (Scanning Electron

Microscope, SEM)
N15AnWIdgININGT (Morphology) 103M8E19MIENABIYaNIIAUBLANATOULUUEDY

n318 laefa1wEiinsnaaunievneIniedd Sputtering deufingyhnisia iieldiuiwes
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o [l = ] o o s o U&'l’ a o at s = o o
fregneiinmsirwihdlevhnsinasylvinuindanuaudalunisnsiade %QL\‘IEJ“IJ“L‘U%V]’]W]TWI

o
wandlu m1599 3.1

915197 3.1 Reulvlunisimsizgvinie SEM

Scanning electron microscope Hitachi, s3400N

Magnification 100X, 500X, 1000X, 5000X Lay 10000X

P 1% fa i
AW 3.30 ﬂﬂaﬂ'ﬂﬁﬂ‘iiﬁu@Lﬁﬂﬁli@uLLU‘Uﬁ@ﬁﬂ'ﬁﬂ

dy at a
3.3.2  msuarsiaiewmaianisideauueesisdidnesd  (X-ray Diffraction,

XRD)
nsAnwaudundn (Crystallinity)  a9UsznausaiazasUsznauiagludiiig
Ujiselansuumisesiuasveuthiianneenglg® leeteulanldlunisiwsgiuanddu

AN5199 3.2

#1519% 3.2 waulvlun1siasizeie XRD

X-ray Diffracteometer Bruler model AXS, d8 Advance
20 5 - 85 degree

Power 40 kv, 40 mA

Increment (Step size) 0.02 degree

Scanspeed (Step time) 6.5 5
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|
|

= o as A:t’ U oo L3
AN 3.31 LATDIIANITLALILUUYDITIALENAILTE

3.3.3 N15ATITNR2EWALlA Brunauer-Emmett-Teller (BET)
M3ANWINUTAL (Surface area) uazauiugwiu (Porosity) 9aeiassfiisunlans
vussssfuaiusutingg Men1sinnsgadu medunialulasiauvesiiedis Tnelunis

a (3 e ' a a 3 P 1< ¥, o ' &
Answagldiadmilum vssgadueaduinnddnvasidunszdiy wavhnisldanuiu

(Degas)  ierirdnlutanavesuisaniaindaegianouitn1sitnstes duteuleiildlunis

a L3 as P
WATICULLARIANRATITINY 3.3

A157199 3.3 Waulalunsimsiziiene BET

\A384 Brunauer-Emmett-Teller Quantachrome NOVA 2000e
Sample weight 0.1000 ¢

Degas status 1OORE 22 AT

Analysis Point Adsorption 40 point, Desorption 34

point Wag BET 11 point

Carrier gas Ny

NINN 3.32 Lﬂ%aﬁmmi@ﬁ%’uluimwu
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3.4 Msvagaunsisslinsenvesislfisenlansuuiisessuaisuay

vmsvadeuauamIsansisfisevesiseujidelansivhnsdaaned g
vagaunsissUfiselelasiiuduvesnisdsunsaiagain (levulinic acid) 1y wnusnana
lsuanlau (gamma-valerolactone)

3.4.1 gunsal

3.4.1.1. fwfinsaldmsuvinujizenlalasdudu (autoclave)

A as aaa
AW 3.33 deufisnsal

3.4.1.2. pyusiiindwsuldsuludagngal (liner)

AW 3.34 ANTULLEIIEn



3.4.1.3. wlianuiaunuumvau (heating mental)

Al 3.35 wlvianuSeuwuuvay

3.4.1.4. \psesmuansazanenionlviniudou (Hot plate stirrer)

AN 3.36 LASedlTAILSaU

3.4.1.5. uiswswidntunauans (Magnetic stirrer)

AT 3.37 uviuaiantuniuans
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3.4.1.6. vaandnen (syringe)

NINN 3.38 Viaandnen

3.4.1.7. fhnsasarsdmiunasn@nen (syringe filter)

=i o
AINY 3.39 AINT0969

3.4.1.8. viaaaviends (doper)

AINWA 3.40 VaANENANT

3.4.1.9. N8

A# 3.41 e
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al 1] o s y d .
3.4.1.10. viaaawiufagedmsutumie (micro tube)

i s 1 o s ) A
AN 3.42 nasalAudlagd T uIAIe

3.0.1.11. WIwAIdImSULAUFBE19a1T

= Y
NINN 3.43 YIALLND

3.4.1.12. Ywnragnlwild (Automatic pipette)

NN 3.44 Yunaonludia
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3.4.1.13. A509UULI8981S

AN 3.45 Aseatuivies

3.4.2 TAQUALAITLAY

3.4.2.1. sssuiselansuuiisesiuasusundunsizidudimu

AR 3.46 srusaufiisenlansuuiisassuaisuau

3.4.2.2. wiialajaiun (Methyl levulinate)

WA 3.47 Wiiaaaum
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3.4.2.3. lolalwsfiaueanaged (isopropyl alcohol, Propan-2-ol)

nwnd 3.48 lalalnsiaweanaged

3.4.2.4. \oYiaueanesea (Ethyl alcohol)

AWi 3.49 Lafialoanegod

3.4.3 TuABUNIIVAABS
5.4.31 m‘aﬁnﬂﬁﬁ%mLﬂﬁaumﬁmagéﬁﬂLﬂuLLﬂummaT'iLLaﬂImu
1. mlelalnsiiaupanssadusung 24 dadansaslunivuziesiiin wiouds
dwinuaganduiin
2. Fadetefusefisolavguuisesiuiivasnissiuau 1 nfusonszaeds
a3 udidldadlunvusniinfiusssglelalnsfiausanesador
3. 1UWaddnluiRgauwiiaiegaidnuiums 580 lulasaas ldaslunwusisniing

usrglelelnsiaueaneseduaziussufiselansuudisesiuey wianandmin



61

4. Tduwviawswianiuniuaisasluniguzigsdn udwinistuniuanstidniuuy

a :
LATBLATBINIUATAT AN

i 3.50 Mstunuanstiiiniunewiujasen

5. yinsuiusegsatsnasadunasatiumetedrniutunleslsuing 0.2

faddans lngldvasndneinieudinsasarsdnaslurasaivansiielAusiog19nfuYas

=2

fnsen
6. tnvugisiinldadudiufnael wioudanaudwfnsalluleaiin

| v o Yo W & ¢ & o e Y v o a
7. ddwnlimnuiousuungulinudeufnsalifieifudildaiuiou wagids

[

Ufjnsalfsasuuasasnivarsazatenisnliniiuiou

9/
o/

8. Asgampilianlvialuieuwuuvquuasiasasnuansazatewisulvauiau

200 osriwaidied wisuanuuiingnmgiuazauauuAuYeUizen

A 3.51 msasiaufnsaliienadeuujize
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o a % aaa = = ° 2 w '

9. ilegaumpiilunsviuizenis 180 ssrwaldea vinisiiudiaegearsaiglu
faujnsalu3uns 0.2 faddnsaslunasanuimetsdwsuliumies Ingldvasninuiuazs
nsadlunisanansasiuraaniivans wisunaatuiingamgiuazausuvuziiufedn

10. agamaiinavifisentia 200 ssraidea vnsiiudediiniei 2 Tng
fanitnsiaasaaluviessnUsuns 0.2 fiadans wazviinisiiusiegansiulisasuda 9.

11. vhnsiusegefioumall 200 aeALTaEanng 1 Falus 91U 3 Ass
w%’auﬁaqmﬂ'uﬁﬂQquﬁuasmmﬁummmﬁué{’mﬂw

dl' =3 s 1 dt' 12 o aaa o at a 's 1

12. deiumegnasunutsulundy vinmmgaujisentaensidafnsalud

Tudefiussguudwasiiey

A 3.52 mavgaufisernmelunaugnanl

3.4.3.2 WENAIDE NAMTUM TIATIERANT5ISURATEN
o @ Y ' o @ y = o ' y = = =]
1. thvasaiiuieg 1edmiulumieaniiaiegn Juwieannauss 10000 sau
= ool a a
Wuan 5 wguugil 5 edrigalyud
2. letwnddnluigadedandeintumisaliuins 100 lulasdns nauiu

wiakaanaaad 900 lulasans asluriaumdmsuiiudieseans

AN 3.53 N9LATHURLDENIAINIALNIEINSUIATIEINE
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3.5 MTATinan1TseUgisenvesiasaUizenlansuusiisesiu

ldmatiaufalasurninind-unaapaiunalvsfines (Gas  Chromatograph-Mass

a @ 1 A oo v - ¢ v o
Spectrometer, GCMS) Tunsiasigsimsgnsiivinisiiuanls Tnenanisiwsieiaslmdudia
= e a a ) ' al v Y 2 a o a v v
uanadeviinvesarsiegludiege lngiieuteyadiugiuteyanvinnisimszilinda 3

RaulanldlunisTauaninanisian 3.6

A15197 3.4 Waulalunisimsizviaig GC-MS

Gas Chromatograph-Mass Spectrometer ~ SHIMAZU, GC-2010 Plus

NIND 3.54 Lasaannalasualnsnsit-undaiagainlnsines
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NAN1INAADILATaAUIIUNA

4.1 msfnwmisldarsueuainaangugrsliudasesiuludassfisenlans

Uy anusvesusani¥sasel funu %alﬁﬁmwﬁnmmﬁ%’uﬂ';aﬁuﬁa
(Pretreatment)  venengUgEMmunszuiunislalnsvesianfuauluietu iaulei
vnsfinwdegamainaznaililunszuiunislalasmesdalasldinusvhazats uas
sl ilunszruiunisansusluedu Segamgiinssurunslalasmeifaiivhinisdne
léiun 140,160,180,200 uaw 220 esnwaifed wazian 2,4,8,12 uas 24 Flus lngwa

msfnwaulugnureinengunBnEunIsUSUUTINURILEAIR MW 4.1 uay 4.2

3NN 4.1 FuniuazasndugnguvasengugiBuazaenglg@iiunsyviunslealas

weiaieamgiiwandeiudunan 8 dalua

Condition 7 (ng_l) B ot Volume(cmngl) Pore diameter (nm)
Pure 0 0.00046 90.15
Pure car 900°C 2.29 0.012 3.679
140°C 8 h 900°C 537 0.077 3.697
160°C 8 h 900°C 582 0.089 3.667
180°C 8 h 900°C 586 0.099 3.653
200°C 8 h 900°C 354 0.088 3.627
220°C 8 h 900°C 336 0.073 3.649

AN5NA 4.2 udfiavesnenguiBnniunssuiunislalaswesidaniaiwmnaieiui 180

IANTALTYA
Condition S, (ng'l) s VOlumE(Cmsg-l) Pore diameter (nm)
180°C 2 h 900°C 366 0.048 3.641
180°C 4 h 900°C 456 0.072 3.651
180°C 8 h 900°C 586 0.099 3.653
180°C 12 h 900°C 356 0.053 3.639

180°C 24 h 900°C 407 0.010 3.694
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PRI 4.1 uag 4.2 uanshiiiiuiinengun@ildldiunszuiunislagesiiiug

a 2 -1 4 & A ' a ) & 2 i o = °
A7 0 mg asnniuialdanansafinnisgadunialulasuld widlodinenglgiduni

'
=la

aaa I3 W Mo 5 v 2 -1
fisermsveuluedy  (egldldtiunszuiunislelasivesda) azliiuiiin 2 mg

aaa s

= = L7 A & as 1 -:i' o s
Wisuiiguiunengug#ntunseuiunislalasimesdansunasyijisernisusuluedu
wunAuiiRazsuNAY gungiivasatlunsyiujisenlalannesfaiinduuieamal
180°C way 8 Filuwmwdidu wudrdiuiiagiuuilduiiindy deswnluanaves

[ o a s =Y v ol [ =l s ﬁ’j =3
annsauwsidldhaeiustludnengun 8l luananfivundnuieduszdug finzgnion
sananwinduaillenunszuunsmsvetluedy widhaaumglivazinauinnil 180°C
wag 8 Ml UEIAY WUTIAINUNRIIEANEY LB INTUENaYIITIUIUNINEILITAUNS

2/ [ 7] 7 [ - ] ¢ st aa @
whluhaneiusslusinengUlddie disrkunsyuiumsarsusulueduluanaifivuiadn
wiefuszduzgnietasnain ndadmeileiuinniy  dwalkiifuifianas  9nuanis
Anngndniuaunsoagllainszuiunslalasmeifavedieusuusaudfvemeang U@
Titlufwazadugnguundu dwalinuamnsalunsgaduindudann

MnwansAnwIdesussiiuiteulaivnzauildlunisuiuuaiuiinvesnen

a v & o s Y| ¢ o a
gumEaenszuIunslelasveiianiveuluedursteulunislelasmesianenumgll 180
asrngadpaluig 8 dalus waznisasusluedui 900 ssmuwadeailung 2 Falug
o o A P o V&Y 8 Y = | o [
esnnidueuluidisiunuiiivemengugrElauinfigauazliBunisiaislasads
P a = I~ o sl ) o a ¢ o )

vaanangugrduniiuly Famuivauiazianldidudsulvlunmsduaneiiisessumany
AuauUAnisiididgyvesiisessunfensdnuniiguieiiuiunlunisdanizeetoynia
fssUfisewaziiniuinmsviugizetues

=

dglavinisdnesanisldasuveunnnengUgiidusisesiuludssljiselans
InifanaraeUilasivuuiiisudunisduaszidis s jasonlanzlaglilddsesSuian
asungluudaluuniountnll lnewaniseassnuinnisldmsveumiuiisesiuteliiinnss

)
o

andulsygueslansludassfizenls

4.1.1 Taniziinina (Nickel)

4.1.1.1 man1sitAsIThALewmalin Scanning electron microscopy

i
a =i 1=l

NAMA 4.1 Fawaasniw SEM  vesdassufisenlansinifanlifidnsesiunasd

& g Qs = < a a _ay ia e s < R
AsuauIIneengUg B luAasessu lunwi 4.1 (a) Aslansinifanlufidaseeiu szl
langiinifadidnwauzidusynirvuiadn dnisnszaieiasudadesuarinissiudiiudy
nauneau (Agglomeration) ¥a3 NiO viafiiflasanaynia NiO fiduasizilatiuiadniain

NN59WFAINUNDAAWSITUNURY (Surface energy) Tu@ILad wallaYiNN1SFRLATIZHFILT
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aaa o = o s 3 ' =) a oo Vel o o
ujisulangiinifavusisessuasueuszsnuilansdnifandunseilatinisnszaedng
waziinssuimiudeutudos syniavedansiinfalugUeesinifadassfidnvaunse
naunszeiLlusymMAaiefegiauRITawhsessumsusuTInaengUn Sfuanstunm

4.1 (b)

53400 20.0kV 5.0mm x20.0k SE

$3400.20.0kV 6.4mm x3 00k SE

WA 4.1 0w SEM fesiissuisenlavsiinifa (a) lififsesiu uay (b) Sasueududa

895U

4.1.1.2 Wan153tAsIZNR8wATA X-ray diffraction spectroscopy
NN 4.2 Fauanadan1siaeauuvesssdionuse (XRD) veslansinifalisuiu
missfisenlansiinfandarsusuainaengugisiudisessunuinlavsiinifamiings
duaswiilaglilifnsesiunsueu @ Ni Pure) fiiansideauuddondn 20 = 37.4° 434
°, 63.0 °, 75.5° uag 79.3° Falunsiauaiuuvesnd (phase) 189 NiIO Fauanslainlany
a a da & as ' aaa o a 4 24 [ aaa ot a
tnianieduludsswiseregluguiinfalesoy wie NIt wavviufiseiuesndiouay
wanaaeanluzuues NiO wilun1wi 4.1 (b. Ni/C 40 wit%) Fsuansnisideauuiadidnd
vosisuFitenlaneinianiiasuowdusiisesiulusnidiu 40% vosdsesdu wuin
= ot ¢ = ) Y a a &
naviinsuansianavesnsueudaluvewiseiu waswavedanziinia 31nnsmasiiiu
1 a a « s 1 aaa I ¥ a a a =) ,0 = el
lailavsdinAaisinguudnsujisedunnegluglvesiinfiadass wie Ni uagiiiiles

drndegwintiunusinglugdues NiO
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Ni ¢
4 n y
1 :
] e (b) Ni/C 40 wi%
5 NiO
2
17
e - ?
@ NiO
=
g NiO
NiC
L L
7 (a) Ni Pure
i ' I v I L I L 1 ¥ I ‘ ! ‘ I M
10 20 30 40 50 60 70 80
2Theta(degree)

aaa

AT 4.2 nemadgauusidianduedusslfiiten (a) dMiseinseilavednifailuiiin

)

5993U wag (b) Musalfisenlaveiinifaniinmsueuluiigeesu

4.1.2 lavzaauilas (Copper)
4.1.2.1 HAN1SIATIZHABINATLA X-ray diffraction spectroscopy

NN 4.2 Fananadanisiaeauuvesdedidnuisd (XRD) waslanzasuilasifisusu
mussufitelaveaetilesifinnsuousneanglgailuiisessu sswuillavzreliuesi

@

Mnsdaaszilaglulesagessu (. Cu pure) wansnstaeuuresssdidndsnuiuy 5 Ain

Toun 20 = 29.7°, 36.5°, 42.2°, 61.4° Waz 73.6° Fudun1sidsnULILARITUNE (phase)

votlavsasiveifiagluglves Cu,0 lnalavsrauainduaszilasreglusuuesnauiles
<4 + o aaa Y = 4o

looau v Cu wasvitufiserivoanBiaurunanunaeonuiluguees Cu,0 whdloviinis

Wizl iselansaeuoiniiarsvowduiisesiunuitaedileslesouinnig

=t

2

dTuAmantlunmn 4.2 (b. Cu/C 40 wt%) sziruldilanzaouiesfivusnglusise
aaa | i " fa - 0 o | o w "
Ufifeen Cu/C dllvnjavegluglresrelleidaszuie Cu  uaslivndiundsagluguves

CU.ZO
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l C
3 C
E Cu
| Cu0l  Cu  cu0 Cu
o~ " A
’;:‘ . (b) Cu/C 40wi%
& Cu,0
= 2
1]
e
L
=
o] Cu20 Cu20
Cu,0
Cu,0 2
1 2 ‘
}. AJ 1" x Jk L.k
7] (a) Cu Pure
T I T I Ll
30 60
2theta(degree)

as '

] & o = P o/ Vo aaa aaa saly 1
M 4.3 nsinsideiuuiidiandvesingiujiten (a) dassfisonlanvaeulesilaid

15895 Waz (b) Museiselaveasdilesniinsuswdusiisessu

4.1.2.2 Han5AT129R8WATA Scanning electron microscopy

RNANN 4.4 Fauanan1w SEM vesiaissuiselansasuilasndansizilaslaild
sesfunaziinsuauaineengugBidusiasessu Tunni 4.2 (a) wansnwlanzaaliles
wuulifidrsesiuanituldinlaneaaUesisnvasdunquisudauinainmssiudifuves

= & o d ] 1 o = a i L a
Cuo Tpsildnuauzadnilusuuveunmaseiulznsuruinanunsnaglusnum uilunwd
4.4 (b) wansinssujiseneuilesniiamiveuaineengunidilusiasesiu ssiulaalaved
Fuaseiileilueumamglligunsandnaeudiamnisuualiiizusefiniuou Tnsaynalans
aoUwesiiwaidursuilasdasznszaramauuiuiivesdisessuatsvou linn155Ius

L -
nuldunguneu
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s s

a‘ @/ I aaa L3 1 =
A 4.4 2w SEM vassasslfisenlaveasuies (a) liddisassu waz (b) dasuauiu

f15895U

MnNsAnwRaranisldarsveuainaengugrdiuiisesiulunsdunsisidaise
Uiisenlavegiinifia (Ni/C) uaz aedes (Cu/C) wudsssfiselaveililddsesiuas
sanulugUraslanseenleanlinionldinu wazfinnsnszanednlid Hanissudatuves
aunalanzeenlediiunguiswidludeululavzdniauaslangaouives unileldasusy

e s @ s & J = v aa & a
nrangugrsiluiisesiulumsduaszvinuiteynialansiimsnszaramnauuiuiiaves

I

Msesiumiveu Inssusdeutie lnseumeaveslansinfassizusaluiounauuas

! = as 1

& = s = =2 =] I ' aaa o
suninneUdedasiidnuusilundnuaiiyusenliwduey vensindiuseuiiselane

G
o

duangilasdansuouainaengun 18y symalaveazedluguvaslavsdasy (Metal free
<4 .0 0 = i v 9] ] aas =i
form) @8 Nii wag Cu  Fulumanwiouldnulumsissujiseinmsiasu LA Ju Gl
Tues MalllunszuiumsduesesildnisveuainaengUgrsiluiisesiunda asusudayin
v o s R £ |t I aaa = 9/ o
milusa Reducing  agent  liundassufiaselanzdnaae sz iviinszuaunis
Calcination Migaumgil 900 esrallivd a15dulavzgnivdsulunsuaulasindelumm
o & a = = = = & (73 ° aaa ' o
fiimeuuiuivestunassiasusuilunanlaveesnlys anuiouluvasyiufisendemaly

@ @

Afuauimthdusivae379 (Reducing agent) tegadulsyylanzaulavsegluguues
Tangdassimzuuiiuinvesisesiumivey uandolansliiivszaiohlaldifanssusiy
pondiaulugUvadanzaenludiuies UjAsefiiniiendn Carbothermal reduction Faidu
Uffserilavzesnladandoansueuiufinigifadlasnmanadulszauasanylivinlilane
agluzUreslangdasy uararfvouineandinduiueendiaueglusvosaisuounousles
(Carbon monoxide) #3a m1suaulasanlad (Carbon dioxide) nalnnistinujisesnauans

luauns?i 4.1 waz 4.2 waznIwi 4.5
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2NIO(s) + Cls) —> 2Ni(s) + CO, (g) aunsi 4.1
Cu0(s) + C(s) —> Culs) + CO (g) aunsi 4.2

Nickel nitrate

: pregnatlon Dry at 1052C

=i a aaa . o a o o ca
A 4.5 uansnalnmsiinuisen Carbothermal reaction finTulunsdaunsizvisaise

Ujisenlavelinifaniaivauainaanguggdusiisessu

4.2 nsAnwnavessnsidIuvaslanzranisesiulufassujiselavend

3 [ ot s
ASUBUIUUNITDITU

maffideldinisAnsdnsidnlumsiiulans (Metal loading) vusasesiu tiem
SnsduivnsauuadlidnunzsesiuisUfAsenda Tnadasdnildne 20%, 40% was
60% Tneriwiin Fsassinsiduindelunsmasinfauazaoiosasuuinsesiuanaen
gUqEmeisnsyuillon (Impregnation) wazvhmsiiamgiiausazeiduasesilise

wAdlA XRD, SEM, EDX waz BET @silnamsvnassisil

4.2.1 Tavizdiniia (Nickel)

4.2.1.1 nan15tATIERAEmaila X-ray diffraction spectroscopy

nnsMnIsasRuEididnusdvesmasinswiisolavsdnifaninsdulans
(metal loading) wumnieuluwansiananvesnisuau 2 finAeniinnunitewnn (borad
peak) Tuaine 10° - 20° wasfiAuvaufisunualssann 80° Fauanalaitarsuauainaen
gUnEnduaneilauszneumemaninuiuningdsiilassasnmanuuu Hexagonal waz
=4 I3 =i s o = I = ' < 4 a
fimsveuienvvedilidifanmaddougudulasndned  wazainnsmaziuimniieuless

waasnAranvadlany 3 MANAIWMUIUIEINM 44° | 51° uag 76° Faduianuanidaunguad
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langiiniiandawnsiey Imaﬁﬂiamﬁmﬁaﬁﬁﬂwﬁaﬁaﬂa'nLLamdﬂaw::ﬁﬂLﬁaagﬂugﬂ‘uaa
a = e s 0 o ' =
lavgBasy (metal free form) fiuszalansiviiugudfnegluzuaes Nit tules udvziiiudng

WigefiadingAuansidaiilaveifinnsnadlavunagluguues NiO Usingogluiisafisen

Ni
Ni
T NiO riio h

(c) Ni/C 60 wt%

L .-

(b) Ni/C 40 wt%

_/\ ] L. AW

(a) NifC 20 wi%

Intensity,(a.u.)
1

30 60
2Theta(degree)

AN 4.6 NTINUARINTSIALNULTBIFIFLENTLSE (XRD) vasiatssUfiisen Ni/C inisiiu

Tanzlugnsndau (@) 20% lagrwitin (b) 40% laevvitn way (c) 60% lasymiin

INNIMNISELIUUTIEEnmsENLan lunIwg 4.5 szrulaidleinnisifiunisidiy

) W a = = o0 & = a v oo 1
langasluuudisassululSununuindu Arvadlanz Nii 919 3 ARzdA1AULLANINTY
\9991n19¥11n151% metal loading Ainnduvinlviiduiualddnaiunsaianissadilu

Taug Ni uindutiuLes

4.2.1.2 Wan1sATITRA8mALA Energy dispersive x-ray spectroscopy

dovhmsinneiosdusznausluduse fidolansiniAavussesiuasueuly
wiazdeulymaidulangiomaiia EDX udlduanisAnudmandunissd 4.3 taglusisis
wiuldifusufiteniidunsedliusenouiosiavan 3 saldun dnfa ansusu uas

pandlau Faudlavinsifia Metal loading fiundwinliilesidudvessininifasnduituiy
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TnawasidudvassiniinfialiAlnalfssiuieulusnsidiunisidiudidvun yenaniaziiiu

5 L ¢ = o a .
Indlsmveseandauunngegudlulasidudiisn Faiezndusandiaufiogluguaes Nio

gaapdnsiuna XRD Tunmd 4.5 Isingiiadngues NiO Tushissufisenlany

M1997 4.3 wantasnlsznauvaaiusufiselansiniiavuiisesiumsuau

Composition (wt%) Nickel Carbon Oxygen
20 wt% Ni/C 28 67 5
40 wt% Ni/C 45 51 a4
60 wt% Ni/C 62 32 6

4.2.1.3 Wan153LAs12%8mALlA Scanning electron spectroscopy

dl o s 1 aaa ] = s ) L3 o & v = 1
Winhsseudiselaneilnfavuiisessunsusulylinsgimemeailn SEM wui
A NTInansiaaynalaneinAiaiin1snTEALAINAUUNURIVBIAITBITUATTUBL AR
Tunmwi 4.7 Tegaziiuinflefimafulangludndiuntuihliliduieuniafininiy
' =l I [ P > s ' aaa
wiayn1AIEdvuIaEnaiuandlunTei 4.4 99N Ind 4.7() uansnwiLssugisenlavy

=Y a

lﬂ' - ld at 1 ¥ d' =3 1
dnfaluteulunisdulavendnsdutosnanria 20 wt% aziuiteunialavsdinisnszang

|
o

FaNAuURUAIveIANTURY BYNIATUNTIABUYINaNLALAANTTINAIAUSENINOUNIA

i
' 2 [

Aoudnad efiudnerdruvaslangidu 40 wit (1wil 4.7 b) wudteynaivunndnadus
fafinsnszareidia 1Ransanifudusunalugfissldivinm weudlelidulaved
dnsdruanniiantio 60 wiv (nwil 4.7 o exiudfivuelndidesiudeuludnsdiy 40
wt% usvueyeseyniativundnauileiiisuiuieulvdnidan 20 wit% synialavsiin

ANSIINAINUNIN UNUSHIULNITTINAINUABUYNNHIN HAn1snTEaresIniif

M15797 4.4 wansvuneun1avedlaveliniiavuiisesiumsveuludnadiusieiu

Condition Particle size (nm)
20 wt% Ni/C 19
40 wt% Ni/C 14.7

60 wt% Ni/C 14




73

by, R ey ® Py None Ry 2 . e s A
+ S340040.0kV 4 Emmh 0.0 § A §3400 20.0kV 5.0mm x10.0k SE
ARRMEIGITRIPAL 5, i ;

Y
*

53400 20.0kV 5.0mm x10.0k SE

AW 4.7 an SEM vesiiswfisenlavelinfiauusasessumsueuludnsndau @) 20%

(b) 40% wag (c) 60% lagrimin

4.2.1.4 Wan15LATI8YA28 N, adsorption-desorption

o & da s @ ) €
NPT 4.5 WAHUTHIUTINATINTULAYIUINTHTUVEIITBIFUAISUB RN
aongunruarinsAserinifavuiisesivasveuniinisfinlavsludnsdiunsneiu

wuindasesiuarsuaunnaengUgendsliiunsiiulany (CF carbon support) SiNuiiia

2 11
a4909 12138 m g

U

34
HUSmasgnIuauIn 0.578 cm ¢ laelelumeaunisgaduuansludsziam

=i

4 (Type V) Fudulelewmennisgaduvesiangnsuruianarsianandunini 4.8 ovih

9

n1sdelavzaslduuvuisesiudslidiuniivessisiujiteranas visiiileanangngu

1 =

YaeTasiumTusugnuatsiiisseynalaveiniianinizuuiuiatuies Tnadedinsidy
onsduveslansiniiauniu wuniivessinsujisenduassildanasmuaiuiguiy
Walaloweunsgaduvesiusujiselavsiinfasglulszsiani 4 (type IV) Aauansluning

4.9 wansiwissliselaveinfatanudugnguluszdunaide mesopore i
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A5 4.5 Ny YSuesgnguiazvuagniuressissuiteriinfavudisesiuaiveu

Condition S (ng_l) B Volume(cng'l) Pore diameter (nm)
BET
CF carbon support 1213.8 0,578 3.685
20 wt% Ni/C 657 0.328 3.688
40 wt% Ni/C 566 0.5 2125
60 wt% Ni/C 418 0.54 3.686
800
700 -
600 -
'—
)
Ry
Jf 5004
=
2,
g 400+
£]
(=]
>
300
- —— CF carbon support

0.0

N T 4 T
0.2 0.4 0.6

Relative pressure [P/P ]

0.8 1.0

i 4.8 lelwiveunisgaduresiisesiunisvauainaengln s

BERCY

Violyme [cm'/g STP]
!

—HVC 20W%

(b)

(c) f

= NNC G0wWE%

Relative Pressure [P/P

A 4.9 lelsmeunsaadululasiuvesdussljisenlansdnfaniaisueuainaan

gUEdusnsesludnandau (@) Ni/C 20wt% ,(b) Ni/C 40 wtd% waz (c) Ni/C 60 wtd%
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4.2.2 TavzaaUios
4.2.2.1 wan15aas1zudaemaiia X-ray diffraction spectroscopy

< & v o a 1 s ] aa '3 s
NNAMA 4.10  uanInsiaeuuTdlnvsdreislfiolaneaeuivesuusa
sosfumsveunuimnideulanansiiandnvesaisuen 2 Wia lounfiafdainuadiawan
(Broad peak) Tudrauasinsiwas 10° - 20° uazAuaunsnlsUszaal 80° Fauanals
i s Y o v o o P = ¢ o
TaiveuainnengugrEnduaseilaUszneumeaniinulundngs  wasinisuoul
onvvzdiliianiswdeuglldulaswdned uasainnanuitlansaeUilasidaaseilana
3 Weulvdsznaulusie 2 wa (Phase) nslansreueosdlngazeglunavadlansdass
e 0 ¢ A v aa o o i o '
vie Cu  ellAaundniiladnudugsdiuiy 3 Anddunusdssun 43°, 50° uag 73°
wenanfifssingiavesasuieseanladeyluzlues Cu0 Jululanzaauilasdiudasd
aa ' ) = 1 al o a as I cal
gnImdlalivuatiues lngannsnazwiuidieymiiugnsndiuveslaveaslioineu
] Y o Y} 0 = o) 1A o P | =
40 wt% WUIIAMUINNANENTEY Cu  dAanadidntas wililsvihnisiusnsidulansis
60 wt% AnuduiaiiaunTuag1aiulate luvpsiinvaana Cu,0 falndiAseiusie 3
Reulvdnsndau waasnlanzastesdrumnnannnsaifianisindaisaisuoulanuiagyin

nsianlanzidnlluuSunanundu

Cu

C
1 G
Cu v
Cu,0 Cu,0 F
f ‘.._J..' e s Jl\._J

(C)CUIC 60Wt%

1

—\—/\rWL/)L -’L_)\.-—o- M = A g

(b)Cu/C 40Wt% |

Intensity,(a.u.)

| /N

(a)Cu/C 20wit%
T T T | i
30 60
2theta(degree)

A 4.10 N3 lEnINTSEELULYDITEONeLIE (XRD) vaedaseUfjizen Cu/C inady

lanzludmsidiu @) 20% laeuvdn (b) 40% lesumin waz (o) 60% Laguiwiin
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4.2.2.2 gan1saaszialewaila Energy dispersive x-ray spectroscopy
A o a ¢ I3 Wi aaa I3 @ o s
Wevhmsinsgviesdusznausiglusiissufitenlavenslilaiuudisessuaiiveu
Tuudazdaulvnisiulaveimemeatia EDX wddldnanisAnwiduanddumnsiei 4.6 laglu
a1519aziuladfsufitenduasigilalsznoumesiaudn 3 s1gldun Aediles
¢ a =2 4 o = ) = =S v ¢ < €
ATSUBY WaroaNBlau JauilovnIsiiy metal loading MunAuvnlvilesiGusvesinaey
g 4:’{ ] s ¢ @ 2 aal 1 ¥ al V| s ] a o
wWoeduntuguiu lneweiidudvessigrelileiinlndifesiuteulednsidiunsiiun
o & = 1=l a ' ' § sl & ot ' &
Avue yenanilagiiuiniisineeseandiaulsngogualuafidudiei dairandy
a = v W = = = &
sondiauiiegluguaes Cu,0 donndaaiuna XRD Tunmi 4.10 fivsingfiadnues Cu,0 Tu

ssaiselany

M5197 4.6 LansaeAusenauvasiasaufiselangasuilosuuisesiunisuau

Composition (wt%)  Copper  Carbon  Oxygen

20 wt% Cu/C 23 ¥l 6
40 wt% Cu/C a4 50 6
60 wt% Cu/C 61 36 X

4.2.2.3 HAN15IAIILR8WATIA Scanning electron spectroscopy
Wevnsinseidygiuvasiassiitelansaolaiuumsossunigmadia SEM
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& = o 9 = = =
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sunmaualgsudntes wasidlevinisiusasdndu 60 wid% (nwil 4.11 o) wui
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Condition Particle size (nm)
20 wt% Cu/C 126
40 wt% Cu/C 100
60 wt% Cu/C 92

4.2.2.4 HaNN5IATIZNAY N, adsorption-desorption

AT 4.8 UAMRUATIUTUIATITNTULAZVLININTUYBIAITOITUAITUBUAN
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lagAaseesuaiuauanNaenguy1® (CF carbon support) Niduasieviladwuniageia

24 | ;
12138 mg #USuAsINguIIN 0.578 cm g laglolameunisgadunanddulssinni 4
(Type V) Ballulelemeunsgaduresiangniurwinnanaaiansdunmi 4.8 Weviniside
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AU 20 wtos HAWuYINAU 480 m g vieililipanaNguIuveiisesiuaIsuBugNUA

o & da w ¢ & a a v

Usuiiiasneaynialavegmouleininizuuiuiiwazenatieyniadiluinmennglugnuves

s s 0') A lhl o) 1 L3 Ly

fseafutiuies Inadlaiinsiiudnsidruvedlansastilesunntulu 40 wt% uay 60 wtd%
oy 1 2 -1 2 -1 y
HufRvesRsUfizenduasigilaanashe 412 m g uaz 370 m g AudmuLiuiY 39

lolowmeunsgaduvasiiiaujitelaveiinfaogluussinni 4 (type V) duanslunini
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Condition SBH (me) Pore Volume(cm g ) Pore diameter (nm)
CF carbon support L2158 0.578 3.685
20 wt% Cu/C 480 0.105 32716
40 wt% Cu/C g12 0.099 711
60 wt% Cu/C 370 @ 37 3.684

(a) (b) ()

Volims [cc/g STP

= CuiC 20W% CulC 40wi%

= CUiC BOwt%

T T T T T T T e T T T T T T
02 04 s e 19 L 0z o e a3 % s LH ae a8 oz 1

Relative Pressure [P/IP )}

A 4.12 lelameunisgadululasiauvesissujiselansaedivoinilasuouainaen

sUmBlussessuludnsdi (@) Cu/C 20 wid, (b) Cu/C 40 wt% uag (c) Cu/C 60 wit%

4.3 nsAnwinsiseufiseanisdeuiiaaifiuniduinusininialsuanlau

RN ENIRRETRIGVE

magIIslainsAnwinIsisefisenvesduswjizelansinfauazaeuoiuum
sasfuarsveunneengugEnduaneilamenisissujisetlalastiutureinisdsuaiia
i@aun (Methyl levulinate) Faluauiusvasnsaa)diin (Levulinic acid) luiluwnuan

Jialsuanlau (Gamma Valerolactone) luszuuvasvianlagld 2-propanol tudavinazane
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wazsluszquan (Photon donor) wAUfAzen delaainuanisnaassnuindiavinnisifiu
gnsrdruvadlansmatnifatazasuilasnsiinudniueladaianas Aawanslun1san 4.9

waz 4.10

M5 4.9 navesendulansinialuujizeilelasiiuturesnsaeusiaagdtndu

wALLILalswanlau
Ni loading(wt%) Conversion of ML(%) Selectivity of GVL(%)
20 wit% Ni/C 2342 2.89
40 wt% Ni/C 32.24 2.12

60 wt% Ni/C 12.47 1.61

13197 4.9 WuwanmaiseFtenlalastiuturestisefidorinfauuisesiy
asveuiiinafslavglusnsduiaeiy wuindeldiissjisolanzinifaisnsdiu
20 wt% FinsiUasunasvasanss sy (ML) 28% waziinisuianansinet (GVL) 2.89% Fuile
YmsiudnsAlU 40 wid% msiasuntaswes ML dandiududu 32% udnistin GVL
fnanaudntioaidu 2.12% wideldmisaugiselufoulvdnsdugeando 60 wi% s
Wasuulas ML Saanauvdeiiies 12.47% uaziia GVL e 1.61%

wazaINesed 4.10 Wuwanisisaufazenlelasdiuduresiaisajiseneyilosuush
seefuansuauiitinsiulanglusnsidiuiisnety  Tesaswuiniinanisvaassaenndasiuly
Houlvvaslavednifade wevhmsiudasduvedanzan 20 wioe Wy 40 wi% n1s
Wasuudaswes ML fiduisduain 28.21% 1Hu 32.43% usilslddussiisenidsnmaan
madnlang 60 wt% nswasuntames ML nduanaandedios 14.15% uanainiiilevh

ANSANERTIAIUYINSHLIANZUINTUIN IEN15IRA GVL 8AadInLaTsNy

M1379% 4.10 navessnsdulanereUiveslulfisenlalasiiudureimsivasumiiaaidin

Wuwnuaiualsuaalau

Cu loading(wt%) Conversion of ML(%) Selectivity of GVL(%)
20 wt% Cu/C 28.21 3.28
40 wt% Cu/C 32.43 1.28

60 wt% Cu /C 14.15 192
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TULD

M1597 4.11 WUy USHese1e Wasnan1sisiisenvesinsalgiselaveidnifawazaey

Wasludnandiumneg
Metal loading Total Particle <A (ng_l) Conversion  Selectivity
(Wt%) metal (%)  size (nm) of ML(%)  of GVL(%)
20 wt% Ni/C 28 19 657 23.42 2.89
40 wt% Ni/C 45 14.7 566 32.24 2.12
60 wt% Ni/C 62 14 418 12.47 1.61
20 wt% Cu/C 23 126 480 28.21 3.28
40 wt% Cu/C 44 100 412 32.43 1.28

60 wt% Cu /C 61 g2 i i 14.15 1.92
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Fantastic carbon material for nickel/carbon support catalyst
reducing via calcination enhanced with hydrothermal
carbonization
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Abstract. In generally, the metal catalyst which synthesis by conventional techniques
is usually in metal oxide form or easily oxidize in the air thus the metal catalyst must
reduce to metallic form before using. It was complex process and dangerous. In the
research, Carbon material from cattail flower (CF) were used as supporter of
Nickel/Carbon supported metal catalyst (Ni/C). This research were studied effect of
used carbon material from CF as supporter of Ni/C and varying nickel loading. The
Ni/C catalyst were prepared by hydrothermal, impregnation and calcination process.
Firstly, Dried CF has been pretreat via hydrothermal process with optimized condition
at 180°C for 8h. Then, the nickel solution was added to support via impregnation
method by varying Ni loading from 20 to 60 wt% of supported. Finally, the sample
has been pelleted into 0.5mm-Ni/C pellet and calcined at 900°C for 2h under nitrogen
atmosphere. Ni/C were characterized by x-ray diffraction (XRD), scanning electron
microscopy (SEM), Energy dispersive X-ray (EDX), surface area and pore size
distribution was determined by N2 adsorption. The result indicate that nickel particle
on Ni/C were in the free metal from without reduction and well dispersed on
supported surface. Particle size and surface area of Ni/C were decreases at the
increase metal loading. Nickel/Carbon supported metal catalyst were ready to use and
could be controlled particle size, surface area and crystallinity by metal loading.

Introduction

v -Valerolactone (GVL) is a versatile lactone which can be directly used as
fragrance, green solvent, monomer for biomass derived plastics or gasoline blender.
Furthermore, GVL is utilized to produce various bio-based products like aromatics
(fuel additives), short chain alkenes (jet fuel) or long chain alkanes (diesel fuel) [1].
GVL has been generally prepared by the hydrogenation of levulinic acid (LA) in
liquid phase in a batch reactor system [2].

There are many transition metal catalysts were studied for hydrogenation of

GVL conversion such as Co, Ni, Cu, Pt and Mo. Generally, the metal particles were
support on supported surface for example Al,O3, SiO», TiO, and grapheme oxide [3].



The processes to synthesize metal/supported catalyst has 2 step. In first step,
Conversion of transition metal salt such as metal sulfate, metal nitrate, metal acetate
and metal chloride into metal oxide particle. Then, the metal particle were converts
from metal oxide into metal free phase by Oxygen reduction reaction (ORR) to
remove Oxygen in H,O and H,0, [4].

The method to synthesize carbon-supported metal catalysts such as strong
electrostatic adsorption (SEA), Deposition precipitation (DP) and Hydrothermal (HT)
and sol-gel [5]. It was complex process that start with synthesis of chemical
supported, doping metal on supported surface and the product were metal oxide so the
processes that used for ready to use product is high energy, dangerous, high cost and
no eco-friendly process[6].

In addition to, the properties of supported is another important factor for active
metal/supported catalyst. Ordinarily, there are various notably characteristics of
supporters in a metal catalytic reaction, for example, high surface area per volume
ratio, high porosity and low stability for reacting to metals which causes an
achievement of reaction easily [7]. Silica and Alumina, both are well-known
supporters in diverse studies due to its significant properties, especially low stability
for reacting to metals. In contrast, because they are able to react to metal comfortably,
narrow distribution of catalysts, low active site density and a difficult synthesis
process occur as obstacles in this reaction. Instead of both substances above, biomass
has been introduced to be not only one of the precursors in diesel oil production, but
also a brilliant and effective supporter’s which overcomes all complications owing to
carbon structure which provides better properties, a high elasticity during the
performance and hydrophobic. Moreover, biomass preparation method is totally
simple [8].

With limitation mentioned, This present work is study to synthesize carbon
supported form Cattail flower (CF) via Hydrothermal Carbonization process and the
process to support the metal catalyst on supported surface via impregnation under the
effect of nickel loading. The objective of work is to produce ready to use
nickel/carbon supported catalyst by easy, safety and low cost process

Materials and methods
Cattail Flower pretreatment

Cattail Flower (CF) from Kaengkhoi district, Saraburi province, Thailand was
dried at 80°C for 12h to remove water and moisture. In hydrothermal process, 30 g of
dried CF and 60 ml of de-ionized water were mix in 500 ml glass container and put
them into stainless steel reactor. The reaction was heated with optimize temperature at
180°C for 8 h [9]. After reaction, Autoclave reactor was quenched in ice bath to stop
the reaction for 30 minute. The product was dried in vacuum oven at 80°C for 12 h.
Then, the support was produced.
Synthesis metal/carbon catalyst via impregnation and calcination process

In the reaction, 10 g of supported from CF in 250 ml beaker was placed on hot
plate and heated at 100°C. The metal solution were prepared by 2, 4 and 6 g of the
analytical grade nickel nitrate (Ni(Nos3),) and 20 ml of de-ionized water were placed
in beaker and stirred for 15 minute. The metal solution was slowly added to heating
supported and mix together. The pores of supported were impregnated with nickel
solution. The impregnated products were dried in vacuum oven at 105°C for 12h.
Dried sample were compressed into the Smm Ni/C pellet. In calcination process, Ni/C
pellet was placed in quartz boat and put the boat into quartz tube in  horizontal tube
furnace reactor under nitrogen (N,) atmosphere. The calcination temperature was



900°C at heating rate 5°C min" under N, flow rate was 100 mL min™ and maintained
at this temperature for 2h. Finally, after reaction the tube furnace reactor was naturally
cooled to room temperature.
Characterization of carbon-supported metal catalyst

The carbon supported from CF and metal/carbon supported catalyst were
characterize phase, morphology, elemental composition, surface area and porosity by
X-ray diffraction (XRD), Scanning electron microscopy (SEM), Energy dispersive X-
ray (EDX) and N, adsorption (BET), respectively.

Result and Discussion

The X-ray diffraction (XRD) pattern of Ni/C and Ni catalyst are show in Fig.
1. It show pattern of (a) the pure Ni catalyst was calcined at same condition of Ni/C
compare with (b) the nickel was supported on carbon supported surface in 40 wt%
metal loading. The XRD result of catalyst with no CF carbon support is observed five
reflections at 20 = 37.4°, 43.4°, 63.0°, 75.5° and 79.3° which are the NiO phase but in
Fig. 1b are show carbon phase of CF carbon supported and nickel phase so the nickel
is in nickel metallic free form (Nio). The XRD results are clearly seen that carbon
supported made the reduction of metal catalyst. Used CF carbon supported can reduce
the Ni ion into Ni® so the XRD pattern of Ni/C (Fig. 1b) is mainly show Ni phase in
Ni’ and found only small intensity of NiO phase. The metal free from is higher
catalytic than metal oxide therefore used CF carbon supported properly for synthesis
catalyst for hydrogenation reaction.

Fig. 2 show the XRD pattern of Ni/C supported catalyst with different nickel
loading. XRD result show that mostly nickel phase in all various nickel loading are
Ni’ and small intensity of NiO. Increase in the nickel loading resulted in increase of
the XRD peak intensity suggestion the formation of crystalline Ni°,
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Fig. 1 XRD pattern of Nickel/Carbon supported catalyst that (a) Nickel precursor
calcined at 900°C and (b) Ni/C 40 wt% catalyst
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Fig. 2 XRD pattern of Nickel/Carbon supported catalyst at various metal loading (a)
20 wt%, (b) 40 wt% and (c) 60 wt%

The chemical composition of various Ni/C catalyst are show in Table.1. The
result show that in Ni/C catalyst composition have a few percentage of oxygen accord
with XRD result that show the Ni/C catalyst have little NiO peak. In addition to,
increases the nickel loading related the weight% of nickel is increase too.

Table 1 EDX analysis the composition of the Ni/C catalyst

Composition (wt%) Nickel Carbon Oxygen
20 wt% Ni/C 28 67 5
40 wt% Ni/C 45 51 4
60 wt% Ni/C 62 X 6

The morphology and particle size of the Ni/C catalysts were characterized by
SEM. As displayed in Fig. 3, the nickel particles showed the well dispersed on the
surface of CF carbon support in average particle size about 5-30 nm. From SEM
result indicate that the nickel particles size decreases when metal loading is increased.
In Fig. 3a show the lowest metal loading (20 wt%) observe well-disperse and non-
agglomerate nickel particle. However, in Fig. 3c that show the higher metal loading
(60 wt%) are seen the agglomeration of small nickel particle.
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Fig. 3 SEM images (10000x) of Nickel/Carbon supported catalyst at various metal
loading (a) 20 wt%, (b) 40 wt% and (c) 60 wt%

Surface area, total pore volume and average pore diameter of CF carbon
supported and Ni/C catalyst were characterized by N, adsorption (BET) are

2 -1
summarize in Table 2. The surface area of CF carbon supported was 1213.84 m g

with total pore volume of 0.578 cm3g-l. The surface area and pore volume typically
decreased after metal loading. The decrease in the surface area and pore volume at
higher metal loading is due to the metal converging on the CF carbon support and the
blockage of pores by metal species. The N, adsorption—desorption isotherms (not
shown) of CF carbon supported and the Ni/C catalysts exhibited type-1V isotherms,
indicating the typical characteristics of a mesoporous structure,



Table 2 Surface area, pore volume and pore diameter of Ni/C catalyst

Condition SBET Pore Volume Pore diameter
3 -1
(m g ) (em'g) o)
CF carbon support 1213.8 0.578 3.685
20 wt% Ni/C 657 0.328 3.688
40 wt% Ni/C 566 0.5 3. 728
60 wt% Ni/C 418 0.54 3.686

Summary

High surface area CF carbon supported were synthesized by hydrothermal
impregnation and calcination that can be used for produce metal/carbon supported
catalyst. Used CF carbon supported can reduce the Ni ion into Ni’ in Ni/C catalysts
so their mostly relate metal free form. The nickel particles shown well-disperse and
non-agglomeration on CF carbon supported surface. Increase of metal loading make
the nickel particle size decrease. Surface area, total pore volume and pore diameter
were decrease at higher loading due to the pore was filled by nickel particle. Thus, the
particle size and surface area could be controlled by metal loading. The metal/carbon
supported catalyst were the metal free form without reduction and on simple process
that suitable for catalytic hydrogenation reaction of GVL.
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Abstraci— The copper/carbon supported metal catalysts (Cu/C) were synthesized using Cattail flower
as a supported catalyst by the hydrothermal, impregnation and calcination processes. The effect of the
Cu loading (20-60 wt. %) in impregnation method was investigated over a Cu/C catalyst. The Cattail
Sflower was pretreated by hydrothermal at 180 °C for 8 h with highest specific surface area to produced
supported catalyst. The copper particle on supported catalyst was prepared with impregnation method.
The samples were compressed into pellet (diameter of 5 mm) and then calcined at 900 °C for 2h under
nitrogen atmosphere to obtain the copper/carbon supported metal catalysts. The resulting samples
were studied the elemental composition, morphology, and Sper by X-ray diffraction (XRD), scanning

electron microscopy (SEM) with Energy dispersive X-ray (EDX), and Nitrogen sorption, respectively.
The copper particles on the Cu/C catalyst were a metallic phase and high dispersion on the supported
surface. The Cu loading at 20 wt. % was the optimal condition because of the highest Spry. The
increasing of Cu loading resulted in the Spgr and particle size were decreased.

Keywords— Copper/carbon supported metal catalysts, Carbon supported, Cattail Flower, Hydrothermal-
carbonization, and Impregnation.

1. INTRODUCTION

GVL is a five carbon cyclic ester which has applications in the production of various chemicals and
fuels, such as polymers, fuel additives, jet fuel, and as a solvent as well as a precursor for other green
solvents [1]. GVL can be produced from levulinic acid by hydrogenation of levulinic acid (or its ester)
to gamma-hydroxyvaleric acid (or ester) which by an intramolecular esterification produces GVL. [2].
levulinic acid produce from lignocellulosic biomass consists of three main components: cellulose,
hemicellulose and lignin.

Many metal catalysts have been used for LA hydrogenation to GVL using noble metal based and
transition metal based catalysts. The main disadvantage of noble metal based catalysts concerns their
high costs and therefore the development of non-noble metal based catalysts is important. In the last
few years non-noble metals like Ni or Cu were studied as hydrogenation catalysts for the GVL
synthesis [3,4] and various supports for synthesis of GVL such as Al,O5, SiO,, TiO- and graphene.

Generally, the metal/supported catalysts have been synthesized by 2 states; conversion of transition
metal salt (metal sulfate, metal nitrate, metal acetate and metal chloride) into metal oxide particle.
Then, the metal oxide particles are converted to metal phase by remove oxygen under flowing
hydrogen [5]. The processes to synthesize metal/supported catalysts such as sol-gel method,
hydrothermal process, deposition precipitation method, electroless deposition and so on. It is a complex
process, hard to control the form of metal and the product is a metal oxide.
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With limitations, the development synthesis of metal/supported catalysts is interesting by mixed the
method of hydrothermal-calcined and impregnation using Cattail flower as a raw material for fabricate
support. The metal/supported catalysts are a metal phase without a reduction and large specific surface
area which promote the active sites to maximum dispersion in catalysis [6]. The objective of this work
is to synthesize the metal/supported (Cu/C) catalysts under the effect of metal loading on the
characteristics of metal/supported catalysts.

2. MATERIAL AND METHOD

Synthesis of support

Cattail Flower (CF) was dried in vacuum oven at 80°C for 6h to remove water and consecutively
weighed until no further weight loss. For HTC experiment, 30 g of dried Cattail Flower (CF) and 60 ml
of de-ionized water were placed in the glass liner (500 mL) and then put into the stainless steel reactor
(600 mL). The hydrothermal reaction was heated at the reaction temperature of 180°C for 8 h. After the
reaction, the autoclave reactor was quenched in an ice bath to stop the reaction. The product was placed
into a vacuum oven at 80°C for 3-6 h to completely remove moisture.

Catalyst preparation

Cu/C catalysts were prepared using impregnation process. Copper (II) nitrate (Ajax, analytical
grade) was used as precursor, Cattail flower support from hydrothermal process as support for
impregnation. For impregnated process, the copper (II) nitrate (20, 40, and 60 wt. % of Cattail flower
support) and 20 ml of de-ionized water were mixed in beaker and stirred for 15 minute and then using
the pipette sucked the metal solution. A 10 g of Cattail flower support was placed on hotplate with
heated at 100°C. The metal solution in pipette was slowly dropped on the heating Cattail flower
support and mixed it. The impregnated samples were dried in vacuum oven at 105°C for 12h. Then the
dried samples of impregnated were compressed as Cu/C pellet diameter of 5 mm. Finally, the
impregnated of Cu/C calcined in a horizontal tube furnace reactor at temperatures of 900°C for 2 h
using heating rate 5°C min™' under N, flow rate was 100 mL min™' to obtained Cu/C catalysts.

Characterization of Cu/C catalyst

The Cu/C catalysts obtained from hydrothermal and impregnation with calcination was brought to
characterize for the morphology, metal phase, the elemental composition, and specific surface area by
Scanning electron microscopy (SEM), X-ray diffraction (XRD), energy dispersive spectroscopy (EDS),
and N, sorption, respectively.

3. RESULTS AND DISCUSSION

The XRD pattern of Copper catalyst with carbon support (denote as Cu/C) and Copper catalyst
without support are show in Fig.1. The copper catalyst without support (denote as Cu pure) was
calcined at same condition of Cu/C. In Fig.1, it show pattern of (a) the pure Cu catalyst compare with
(b) the copper was supported on carbon supported surface in 40 wt% metal loading. The XRD result of
catalyst with no CF carbon support in Fig.1(a) is observed five reflections at 20 = 29.7°, 36.5°, 42.2°,
61.4° and 73.6° which are Cu,O phase but in Fig.1(b) are show carbon phase of supporter and Cu
catalyst phase so the copper are in two phase as mainly Cu metallic and small intensity Cu,O. The
XRD results are clearly seen that carbon supporter made the reduction of metal catalyst. Used CF
carbon supported can reduce the Cu ion in Cu,0 form into Cu’ so the XRD pattern of Cu/C (Fig. 1b) is
mainly show Cu phase in Cu’ and found only small intensity of Cu,O phase. The metal catalyst in
metallic form is higher catalytic than metal oxide form therefore used CF carbon supported is properly
for synthesis active metal catalyst for hydrogenation of LA to GVL.
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Fig.1 XRD pattern of Nickel/Carbon supported catalyst that (a) Copper precursor calcined at 900°C

and (b) Cu/C 40 wt% catalyst

Fig. 2 is show the XRD pattern of copper catalyst with CF carbon supported in three different
copper loading. XRD result show that mostly copper phase in all various copper loading are Cu” and
small intensity of Cu,0. Increase the copper loading to 40wt%, the Cu’ phase was small decrease but
increase to 60wt% metal loading resulted in increase of the XRD peak intensity suggesting the
formation of Cu species to crystalline Cu’. XRD result show the Cu,O phase does not change when
increase metal loading cause the Cu,O species are not agglomerate and Cu ion species are form to Cu”

phase.
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Fig. 2 XRD pattern of Copper/Carbon supported catalyst at various metal loading (a) 20 wt%, (b) 40

wt% and (¢) 60 wt%

Table 1 EDX analysis the composition of the Cu/C catalyst

Composition Copper Carbon Oxygen
(Wt%)
20 wt% Cu/C 23 71 6
40 wt% Cu/C 44 50 6
60 wt% Cu/C 6l 36 3

The chemical compositions of copper catalyst with different metal loading are show in Table.l.
The result are show the copper catalyst with CF carbon supported had three compositions that is copper
of metal catalyst phase, carbon of supporter phase and few percentage of oxygen accord with XRD
result that show the Cu/C catalyst have little Cu,O peak. Furthermore, the increases in nickel loading

related to the weight% of nickel increase.
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Scanning electron microscopy (SEM) analysis was conducted to study the morphology and
particle size of metal catalyst. SEM image of copper catalyst without carbon supporter compare with
Cu/C catalyst are show in Fig. 2. From Fig.2(a), it can be seen that the crystalline Cu,O particle
without carbon support are agglomerate to large bulk Cu,0. In contrast, Fig.2(b) are show SEM image
of Copper catalyst with CF carbon support in 40wt% metal loading that copper particles are well
dispersed on the surface of the support.
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Fig.2 SEM images (3000x) of (a) copper catalyst without carbon support was calcined at 900°C and (b)
40wt% Copper/Carbon supported catalyst

As displayed in Fig. 3, the copper particles in various metal loading showed the well dispersed on
the surface of CF carbon support in average particle size about 50-120 nm. From SEM result indicated
that the Cu particles size were decreased when the metal loading was increased. In addition to,
increasing metal loading lead to increase copper species on support surface.
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Fig.3 SEM images (3000x) of Copper/Carbon supported catalyst at various metal loading (a) 20 wt%,
(b) 40 wt% and (c) 60 wt%
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In Fig.3(a) show morphology of lower metal loading (20wt%) indicate that well-disperse and non-
agglomerate copper particle, then the metal loading was increase the metal species are increase too.
From Fig.3(c) that show the higher metal loading (60 wt%) are seen increase of copper particle on
support surface and the agglomeration of small copper particle.

Table 2 Surface area, pore volume and pore diameter of Cu/C catalyst

.y 2 -1
Condition S, (mg)
CF carbon support 1213.8
20 wt% Cu/C 480.1
40 wt% Cu/C 411.7
60 wt% Cu/C 405.2
Cu Pure 45.3

Surface area of CF carbon supported, copper catalyst with support and copper catalyst without
support were characterized by N, adsorption-desorption (BET) are show in Table 2. The surface area of

CF carbon supported was 1213.84 ngl with total pore volume of 0.578 cmjg-l. When copper was
impregnated onto the surface of support, a slight decrease in the surface area was noticed. Table 2
shows the surface area of the copper catalysts decreased with increasing copper loading. The decrease
in the surface area and pore volume at higher metal loading is due to the metal converging on the CF
carbon support and the blockage of pores by metal species. From Table 2, the surface area of copper
catalyst without support (Cu pure) is less than copper catalyst with carbon support which may be due to
the agglomeration of bulk Cu,O that decrease surface area of copper catalyst. The N, adsorption—
desorption isotherms (not shown) of CF carbon supported and the Cu/C catalysts exhibited type-IV
isotherms, indicating the typical characteristics of a mesoporous structure.

CONCLUSION

The CF carbon supports were synthesized via hydrothermal impregnation and carbonization that
can be used as high surface area support material for produce copper/carbon supported catalyst. The
copper particles shown well-disperse and non-agglomeration on CF carbon supported surface. Used CF
carbon supported can reduce the Cu ion into Cu” in Cu/C catalysts so their mostly relate metal free
form. Increase of copper loading lead to increase metal species on support surface and slightly decrease
metal particles size. When copper was impregnated on CF carbon supported indicated that slightly
decrease in surface area which may be due to the filling of the pores with copper particles. The copper
catalyst with CF carbon supported shows well-dispersion and non-agglomerated more than the copper
catalyst without CF carbon support that was the cause of surface area of Cu pure was less. In summary,
the surface area, particle size and metal species are cloud be control by metal loading. In addition, used
CF carbon as support can be reduce and make well-dispersion of the copper catalyst. The metal/carbon
supported catalyst were the metal free form without reduction and on simple process that suitable for
catalytic hydrogenation reaction of GVL.
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