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ABSTRACT

This research to preparation of monometallic and bimetallic catalysts on
carbon support via hydrothermal carbonization process from Cattail leaves for
synthesis of biodiesel fuel. This research studied the effect of different kinds of
monometallic (Fe, Co, Ni, Cu, Pb, and Bi) and bimetallic (NiFe, NiCo, NiCu, NiPb, and
NiBi). Metal catalysts prepared by used hydrothermal temperature at 200 °C for 12 h.
The 4 M of KOH was used for activated porosity of carbon support then carbonization
at 900 °C for 2 h. Metal catalysts were loaded on to the surface of carbon support by
wet impregnation process in 5 wt% ratio of metal/support. The samples were
characterized by Scanning Electron Microscopy (SEM), Energy Dispersive X-ray (EDX),
Nitrogen sorption, Fourier Transform Infrared Spectroscopy (FTIR) and X-Ray Diffraction
(XRD) were employed to characterize morphology, specific area (Sger), surface
functional groups and crystallinity respectively. Biodiesel upgrading by used metal
catalysts were characterized in cold flow property by cloud point analyzer, oxidation
stability by Oxidation apparatus and composition of biodiesel by Gas Chromatography
- Flamme lonization Detector (GC-FID). The results indicated that the catalysts composed
with nickel have a good distribution property. The NiCo catalyst has strongest catalyst
activity to the partial hydrogenation in synthesis of biodiesel.

Keyword: Biomass, Catalyst, Carbon support, Hydrothermal carbonization
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1NaUNI5 2.1
25729 m"m‘?’fu (Moisture)
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=l Ty agf i1 o a e i &) 1 a
FrurafivSuruanudunInagdsnabiuseansninniswnlvdananduseiauin Ysune
anuuluihmainsieilanniniviinimglundainisevtnuialviuisiaamail 105-110
eAwaLtied TneviluaryinnisaudiuialuwiaulwiiaunTINIa LI aUIY LN YD
P8R0 IAgUIMTIAILTUIL LN DDNUIRINTINIATENINNVIINIS DU TasUsua

dit’ - .a‘( 1 as =) = = r_‘gi/ =l Yl 5 1
anuaulutinnasvtuegivainuetina Uinaenuiuludunadssunvliiausdsesay

25-65 Tuwpgidndudimiavszianninaenauainnistrvadids (Sludge) agilusunm

ANNAIULINNTIITBEAY 90 [11]
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anTeENimun Ao gangil 900 aeAYALEYd Wuran 7 Wi viseauninuivtnagasilag
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luTwgrmadudaiuannia laseimeaziintiuannnisnaudalsmeanusaunsalnlslada

(Pyrolysis) [11]
2.2.2.4 USUNuAnsuauaeRi (Fixed Carbon)

USinamsueunsiiduduiiaiivsvedasiadnedmandinnnsiiaiusouun
Fafioumgil 900 asmwaidea Fediulngjarusznaulusiesgarivey Usuumivey

A uandldnuasadsaunsee Uil [11]
%FC = 100 - (%M + %A + %VM) (2.1)

We  %FC  wuieda USunuensuauasin
%M YUNEDT AINTU
%A wuIEDe USuaanan

%VM e Usunuleseive

2.3 nszulunstalaswasia

ni::m'um3151615mas‘:ﬁ’aLﬂunﬁsmummﬂigﬂmamﬁﬁﬁw Ayildlunisudasiinina
o a o ¢ [ = s ¢ w & Iy a
Wundnduavasude vse lalasyis lalasivesiadunseuiunisAteaIIusauivlIuan
Usunueandiaunazlalasiauvesingivduaa Ingltundudviujisenieaaadans
A15luleinsn(Carbohydrates) 1ilag91na9AUsEnaurBsdaeilim aissTouasilong

aelaaneduiiluaien lngazyhufisennislannusounasaiuau gaumginlvey

€ o a

381319 140-220 °Cmin ludaufnseintaatiinasldfanadrenrsveuniglianiiznis

dupsevimenssuiumslelasvedtanlizuuse gnailunisviujisendugluautavane

v

lus AruiiuUszanm 10 u1s legunAnisgesaanetuiadsisunuiigumn)iiuseann 180

9ImwalEd FIAUTULSWIUAseENam N iNNTULa N lun T UFATeN

@
= & s &

FezdwalvnandunniuTunaaisveugedu [12] idndneiiifiafiuseninanssuiunis

lalaswmasia laun vosuds (lalaswns) arsazarsveanal waziie (Useuiu 10% law

v &/
o [ =i

wminuesingiv) Andnvuzyemdninelalasvsmiiaduaziiviuiuaiiuounsiiiuiy

=l = all, al s =i s 1 5 =l s &
HAnuuLiaLmeIny NﬁllUWliJ‘U@UU'T LLEiEJJFWT]?.Ja']iJ'ﬁﬂsLUﬂW'i@@]‘?]Uﬂ’J’]WUUﬁ@ﬁ\? [13]
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2.3.1 nalnan1siiaufisen

2.3.1.1 Uiiselelnslada

aaa

Ufisenlalaslada (Hydrolysis) Wunisliflulanavesii (H,0) Wvhujnsentuans
megugu Taura Wudu Insluanavesiazidrluvhanewusy (Break bond) vesdniu

a =& o i = o a e |
waglaa wazeliwaglod Fadudiuusznevluinana niuseiisefudumelden (uwena

el Aegiianmsuenduaneleduideluanaiifivuindnas [14]
2.3.1.2 Ufisenlawstu

Uffzendlawnsdu (Hydration) \unisindaluanavesin (H,0) 8ensening

lalaswediia dwalvillusunamsusy (Carbon content, %C) untiu wiadnluwinilsielu
o a g de O Y oa =l =i ' a a & o
msmaneendiaulugduesdy laeldvilminnisivasuwdamaed Tudiiiialelnsivesia

ansmsiiaufisedlamstuazgenitfnsvendiatunn [14]

2.3.1.3 Ufjisenmmiuandiatu

o a |

= I'd = LY = 1 aaa o & a

fAsuendiadu (Decarboxylation) WuUjisemaniinazidnnauasuendasen
nasusenavuazdassnivaisusulasanlan (CO,) lnaUnfna1suandiaty vuleds
Ufjise1vesnInariuendania ez nanvesnlsususanvnaslenisuay uljisead
v ) o @ 5 = ' 3 a v = a ¢ «
JoUNAUVDIATININIUNTASATIERLALSENIIASUaNTaty Fadlunisiiuaisuaulnoanlys

adluaisusynau [14]

2.3.1.4 Ujisumedmel sty

I~

UfiTemedimelsiedu (Polymerization) Wun1ssandaiuve sluananfvuiaidn

< a I = =l

wiefusyauq (@eddliiatios) Wulnanavuslvgifiniuatiosunniu [14]
2.3.1.5 Uisenmsmuuuu

aaa ' . aaa 1 aaa aal
UfiT81n135A7ULUY (Condensation) UfjAse1n1sarvuiuiuufisemiaailv
lulanaaesidainyinungusinduiieasrduanailugnit wilaeiluluujizeanis

a a 2, | oA a a ' o= o
'?D'T‘/]EJ']LUUﬂTﬁﬂ']ULLUU‘V]Lﬂﬂﬁﬂﬂﬂ’ﬁwﬁmi‘l%ﬂumawaﬂEJ‘LW [14]
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2.3.1.6 Upiseeglsinlaadu

aan

UfAsereglsunlaadu (Aromatization) Wunisildsuaisusznaulelasasuou
Tgasadulgis usaniswasulalasasusunuvraduansvsznovezlsundnlaeldaudou

LarsLsaUfisen [14]

2.3.2 Yaneniansnananssulaunisialasivasila

=

2.3.2.1 gaungdl

Y

v
aaa & @

gnsnsiinuisenlalasimeiiaduedfuaungiiiutledendnuasidvinany
v a
W

Ujisenisgesaansiussresinung Weatiugumivinlvussniameesnisuuasdiuga

£ £ o
=% '

AUy Wesnndndunulunisiateiuszvesdina wenaniguvgingstusening

U

=

nszuaunsvadlslnsmesiatiofiveslsusinvalaseainniuou Tnevilusdnfusifdu
voaudeaziintunnniigaludagungil 150-200 serwwatiea uaglutrgamgivunans
250-350 asAaed vinliuan sneivesudsanas uarlusaeigumgfiganda 350 pam
waldua vinlinandnvosudsanaadustsnniesnuiinueendisunaslslasiauanas
dawalsindnfusi Awanniu uennd gampifidmanisdonsanseurunislslasinesifa
iesnnviliidienumiinanasiselfuanaresthunsidluvhmelassasredunadana
Wiasimsaatsiuiuiu lnedvswavasaudueu faserdimuddioadedisuiu

gaungil [15]
2.3.2.2 NN

nanlumsvigisenfiunumdAgglunisivuavaun nsinujisenlelasmesda
Wuufisendn leenszuraunistelasmesiaasldnawendrsiululudisaeuniivie 2-3
T Fanalunisvinugisenteiinadouiisenlalasladamnizaranamiavingu dufunini

=] | o < a [ 3 [ F v £
azlifinansznulagmanszuiunis Inemluvinnaundndasivesdsazinnudilgnailuns

aaa

vinuffsenainiinuitetsiuiutu lagssesiiaitunisyiujisenazidudaiimun
peAUsznaUTRINAnAudlaeTIn meldannzmiiadinganislelasladauazdnnistesaaiy

108 IazABUTINGY MunaTlunsihuiisenssdu wasnisldanduglunmsihuiisen
¢ o YV oa  w & a o S 1% = a da

lalasmeifiavlindn dnsiitondiiduvesudendaniuiougs Weswneendiauniieylu

Funagnidnesniuviaidunislelasladaeiiwaglaa dulunalunmahujisenfigiuas

3

a 1 o = = aa
PANNTTNIRAIVBIZWIU U‘iﬂJWmEWEULLaBWUWN?QQ [15]



2.3.2.3 ¥finua9tning

TassadeuaroerUsenoureetiniaiinuuanaiafuidesenianuunnmiavas
anwndeslunisiadaiula uaznatlunmaaiyivle Jsdruuseneundnvesdana 1eud
waglea iflwaglaa uaxdniu laevhluTunafifiosduszneuivaglaauasiefivagloageay
Aolionanfaueiidusitunn LLaxﬁamaﬁﬁadﬁﬂixnau%ﬂﬁugaaﬂﬁwawﬁmlaimwﬁu'1ﬂ

Wasanantuaiunsaea aaawléfmnLLasﬁIﬂiaa%’waﬁ%’u%’auéawa’ﬁﬁé’amm%’aaq’tu‘[maa%’wa

o |

= v @ a o
e meldteulunssuiumslalasmesifaveswaglaavzgnlelasladaigumgigni

U U

al a = i a _ a |
200 29ALY ALy e LﬁNL%a@JIﬁaWUﬁBQJ’]m 180 99ANYAHE WazaNUUITda18NINUTLU

s

200 sswaldea Aaludiuusznauve sinliuuasigaglaaluBatadunumdrdgiasvinld

o

iinAunguvedlalasys [15)

2.3.2.4 @2U6U

]
= ala

v & a (Y = a | ' =l =
rusuludndadovilsiiidvinanenisdesaaetialunseviunislalasladanis
dasaaneinunanazdnsnisialnsladaannsaamuaulalagnisinuninudu Tegausull
HARDANVUINUUTDIRWINEEATE DFIYNaZa18NlANNUILINEINSEaI8MI799TI0a

wINNTU LHUBINeIYarargalunsawnsnaulUulaseasstimalaniafe agaalsinulu

W
aSa a o [ L7

anmewileingrarunulziisninatosunnsdendniasiunduniouia eswinanunuayla
finansenudeanunu LMLy mIafvazatenn Arwsuludsfnsaiamnsoiule

lngnsiingungilagasavialagnisifinvesnal 1wy lulasiou Jerusuiiinduilase

nsiialalasyns lesanauiugeinlvigumgigeludinalinisyhaeesdusenauves

9

9 ]
v o o ol

FrainTUBENTIASILALHARA U TILAT AN INAY AIUUNANSENUTDIAIUAUTL ALY

q Y

ylvinisnamvaslalasunslauindu [15]
2.3.2.5 fisaufisen

anwnzvessIUiselinudfgsanisnasivadlalasus nsldansanuseiia
wiedsditelulinnalesagdieiinujiselelaslada lnenisnszanedveseynia

mssUiseluanstanasdelunsaasasussneuiniuiazvaglaaifioasslalnsus

aaa

lawndusgninnszuiunisveslalnsvesidas vilavesdanssjisenssdnadeufisen

=l

lngmluiissfitensaiiussdninmunfiandwivujiseilelaslada Tuvaaisiss

Ufjiseuarzdnvinanisnasivedlalasvisuaziiunisazauvesuiiduman n1sldmise

o a6

UANTedailiiinn1ssaag NO, ileandassufizenaunsawdsu NO, iululnsiauuas



g o 1 ] s = a ! aaa oo = = = oa

wldegnesings dmsunsidendselfisefiffinsasfiafosmeanuiou fusednsam
T1AANAT wasiauaansalunisdengeanunsaulasianalunandaliuin fegrady
loineulansenlan (NaOH) nunaidoulensonlen (KOH) leiRsun1suaiun (NayCOs)

Twuvaiguua1suaiun (K,CO5) Inswiuea (C;HgO) tenuea (CHgO) nsadnsn (CeHsO) [15]

2.4 nszulauni1sArsuauluwdu (Carbonization)

afvauluduilunszuiunisnielnlslada (Pyrolysis) vlagnisumnngavlud

suemAlufigamniiaingt 1,000 esrsalies Iuegiuvdavesinghuvinliiinnansis

i [

auusziny loun aufidnwagdaisenin 913 (Char) druidurssvaiisenianig (Tar)

] i
=4

wazdumduuia %umaum‘sﬁ'lﬂﬁﬁ%mm%vau‘luwﬁu%’m'j'}Lﬂufﬁgumauwﬁqﬁﬁm'méhP"ffp,
wnitgn ilesanlunsvuiitormsvevluwdusssimaduaiimedasagisgnu Inelu
seminensiuisersinuazesdusenoudgildliafuousiuia arsssimesngg wu
lalasiau sandiau lulnsiau LLaxﬁ'lﬁ)xQﬂﬁﬁmaaﬂmwnTﬂﬁaa%"}waai’mQﬁ‘u’l‘ug‘dmaaLLﬁaLLaz

uniumsnntduaglaws (auaudflndidssiumivew) innsdniseeuedassadawdnd

'
= =

LiuszideuBaasiiverinagniusendtewan

© aaa o dl A 1 L3 1 -
nmsvihuiiserrsveluedueynonduqililmsuou 1wy sondiau lulnsiou

(%
s

wazlalasiuazgnindneenluglusuia asnoumiveuimdenzSoeiiduiug uriasdu
Usznaulusmeramnindeu (Aromatic ring) Woalsstuuuuldidussideunaziindutoaing

= = & o I3 =i P ' ' o ' - I3
Vl'iaIW'ﬁﬁ fildLUUWE]Q“U?NW’JTWHELLﬁSﬁﬁEJu“]V]lﬂil’lﬂm‘jm’l GUEN'J'NGNﬂ57?ﬂgkﬂaBULUUEW?U

=t

MilaudRnisgady WermNsEUIuNIINIINSERY Jan1sysawandusimsuasasougiia

= i

INNITEIDDNIINIWTINIDUDITNS LLamﬁwyjﬁaﬁ%’wummw dgwalilseansninlunig

ANTUVDINARS NIRRT Uz TUNaNI9nlATIAT 1IN LA wagUssansamlunisgadu

&

' 1%
=

smLﬁmmﬂﬁl,ﬁﬂmauﬁaixﬂuaEﬂuamaxﬁlﬁmﬁai AD Maugliduml JuIeneenisnazly

inzAvlulanaviessneandu 1wy sendiaulueiniAnieszneuduqogluaisaeiu
v 1 o v w | ) a a a o

NTEUIUMINTEAUITTIEINTTUAUIENI Rz ouASUD U VD zneNd A ulusyLATIAY

AL ﬁﬂ%Lﬁﬂﬁ’uaxmamaam%wuﬁﬁnm"uawammﬂmé’amﬁﬂﬁmm‘m@,ﬂ%’u

&

wuuiaiifueandiaufigumgil 400-500 asmwaidea waziUdsuanmilussnlesideil

Lo =

gamgiigeau vennnidiainiuszininulussiverneulalasiauiiodinagldgaumaiigeds

U

=l [ | Q o @ 8/ =
1,000 ENW]L‘GﬁL“dEJﬁﬂlilﬁ'\lﬂiﬂ‘lﬂﬂ‘ﬂ@Sﬁaﬁﬁﬁfjﬂ’ﬂ@ﬂﬁ]’]ﬂﬂ‘u1@] LLasmmmmasmaulu‘lmmu
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sanvnlulanausuluisuazdaiasennainluanalelasiaudalvduasfeznonngy

g1laau (Halogen) sonanluianasilaiau visnogluanmufavievesmaiiilaiaiolumy
€ as 1 = @ 1 d‘o o A a :‘ a

andumnaquuiivesinetauanddyAeinfiinanerneureiaIsusLLazaandIlaY WS

58N Aeenten [16,17]

2.4.1 Uaeifinadanszuiunisanduauluwdy

=

2.4.1.1 855091930 AU

L]

Fanaudazyiaiinnzimunzauuanaeiulunisiuiiseornsvevludu Tae

=1 dd = = =Y & o aan L3 o v Y a o

Funahiivsunadniuuaslulasiaugulioiuiiseimsveulusduudasziundn Susiun s
= -:‘nl a = =Y v = d'd é’l’ :'; Y a s L3 (2

unnTaanivsinudnfuiaslulnsieules wazdianiamnausiaslvndn Sugivns

| ol &
INNINFINIANUAINAYUES [18]

2.4.1.2 gaunqil

1 ] L
= v aa ' 2 okl e = P = =

gamgiiilulaveniinade Ulinundadiusiuinian esnnilegnmgiglu Usunu

e a 5 & av v oa = wa 5 o ¢ |
Y3fiaTuIranal dauiiumiuazufanlainuniu uazanauifivesisiumsasiings
Tssedradsuudaslusne esmnmsiiivgamgiifuniafiumdsnuierhaetuss el

TAsIE5 190977198 [18]
2.4.1.3 A7100U

nsviiselagldmiudugaiiosinyinlvlessimevasuiainududuiiniu

danalvidnsnuiseamsiinufnseiniiu (18]
2.4.1.4 §nnsivavesuid

v o o | A ' aaa o ¢ =
wiandudinans wu lulasiau (Reesdeufisenwilvdasiaivow) aviinanssny

AoufATen d1dnsnisiuaveufaiazdrsiiunisnesivesnandusivifiiiesanduia

s

duranusialddunarunuwazanUsunandfniadu [18]
2.4.1.5 8m51AUSU

ansIinsiiugagidniliansoveasnisnediveslessinedunidanounia
WA [18]
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2.5 NMsNTEAU

£ o o L5 = 1 LY LY (1 i a
nsnseduiunszuiuntsmvdsuiagiviviuausuiudluaniwifivsuna
sondlawdrindadudunounsiunuamuazdszansnmnsgasulitudiuiududosiivs
nsvvnsidsuiagivluiuduiuiudlaenss weznszuiunmsiwasuingavlududiy

L &

113 Mnuiadguniumnslubuduiuiud lnemlunsnsedushle 2 33 As n1snsedu

s

VNAEAMN WagN1SNsEAUNIuAl feil [19, 20]
2.5.1 MINTLAUNNIEAIN (Physical activation)

L%usﬁgumaumiﬁw‘lﬁdﬂwﬁtﬁmm‘sﬁ’ﬁumgw;ulﬁuwnﬁu‘lmamiaaﬂ%lmﬁéﬁwLm”a i
ufaasuaulaoenled (CO,) wislath (H,0) Wudu Inglvgnmgiinsziuroudegalugag
800-1,100 a@mwm%a’fuﬁ‘wﬁm‘uaﬁmqﬁuﬁﬂmwiwmmw&ju%Lﬁmﬂﬁﬁ‘%m
uadiiiadu (Gasification) szwrireufideendladivarssemeiinndogludumsuazozney
psuowhliimsimungnguintulunsnssdudsled lodhildroaulathiiteusan
(Superheated steam) iitevilwansBunddeneg aaeill Tnedlolothdudatuiuyisas

Aaujfseufaditeduiuseninlatiuasesnaumiveu musumsuAiTese
C(s) + H,O(g) — CO(g) + Hyle) AH = +117 Alagasiolyg ... (2.2)
CO(g) + H,0(g) — CO4g) + Hy(g) AH = -42.3 Alagasialya ... (2.3)

aaa & o © oa & a LY e & o A a = ' [
nnuierilnAaufandndasnduniademds 1Suni1 Syngas Usenauluse

Lo

#38UNIGAN9Y W AmdusuNeuenlen (CO) uarlalasiau (H,) lnsudaasuauueuanledi

Weduurediutlazsijasedvletaivgludae (Feauns (2.2) vialdiuia

5 E 5

asvaulaeenladiintulussuy dmnisnseiuisuianiveulneenlad aunisufisen

9

wanslaaai
C(s) + CO,(g) — 2CO(g) AH = +159 Alagasiolua ... (2.4)

nujizeiinduillouiandndunmtuuiansveunousnled Jadeufaveindad

£
a ]

ndudiulngingeeenld szvinlilassaienieluresnumsiinnisiudsuudas Tnedl
9 Y : = Y Y add A !
dnwazidugngunszawegily wignuildannnsnseduiod3deedivundnnianis

nszRuMLAlidsdsmadenmausalunisgaduresauiusiuduazainnisiletdviouda

=

msuaulaeenlamitufizeiuarfveunsouisgarnudeuaininmsueuivinligiizen

= n:‘r( @ 8 . . || 8/ 1 o Qs & 9 qqln‘l‘tﬂ
navutuluugaANsau (Endothermic reaction) ToAvainsnsgsuaunuiunmeisiae
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#99a19815LAINRNANNB BN

252 m'sn'iséjuﬁwmsmﬁ (Chemical activation)

o s

= 1 o o & Elﬁl H; 2 v o =
Lﬂim']’iﬂﬁﬁﬂ']uﬂimuWI@EJﬂ'liNﬂﬂJﬂ'ﬁLmJWVI’1%‘15’11’]L‘ﬂUﬂ’]iﬂiﬁﬁ!UL‘U?ﬂU?@lﬂ@]U

1

o !

Mntudingavilaludunszuiunisasveluigduiigungiunnsdraiulutaussuin

9 v
aala

400-700 asrnialdea E?Tuﬁ’uamﬂﬁﬁlsﬂumﬁmsﬁu Ingansaiinlenldiunndnilamuaudd
@mﬁ;ﬁ 1a (Dehydrating agent) 14u waaldsunaslsn (CaCly), BaAnaslssd (ZnCl),
Inunadoulansenlen (KOH), lnuna@eudalna (K,S), munadoulnlalagnun (KSCN),
nsAneamaIN(HsPO:) UaznIAdaT3N (H-500) 1Husu TunsviliAngwsutuildlaensly

= ' @ =

ANUTauLTRgAUTINAUEsIAll Ineasifidiiunuinlunisianslassadusvvesinghiu
o lURNIUNSEUIUNITASUB ULt Ua g AN @886 799a1589A Use Na UB WS Hun9vtin
= (%) =y o b a r-" s a [ | ./ 1 nddy
vuihvesingauiivlassaiaianiswenlyifuiadulassegngu Tunisnsehumeisi
s =] 3 =Y -:; 1 7 v 1 2 d’l’ 1 n‘ :‘z{
egamatiansasnlsenavuetianlidaiunsoaatsdlaanlule dwwaliladonuiiiudunay
_- € = iol as = 8/ 9 4 :l' s 1 17
WansnTeundiuauladesas wazannisiarsiadnldunsndaagaislulassasieves

U @ w e Ll a o o al o 1% = o 1 ot ¢ el
muﬂuuummﬂwmuLﬂﬂmswmmlmuaﬂ LLﬁ%LJJBu']JJ']a’NE{’ﬁLﬂM?J@ﬂﬂ%ﬂ’ﬂmﬂﬂ’luﬂu UNNU

'
o

JWguNAY FelunisnseduengisilenaliUymlusesvasasanasluguiuaiugle

2.6 NMSLATBUANTIUGNTEIRULAITDTU

o 9 3 @ Y (7] a aca Ada o 7 aal
nsvinlveanlannszarediuudsessulduisnisnieuuan aunsaviald 4 35Aans
ANAgNau N1sRATu nsuaniUfeuloesy wasindeulavelnedsiedin uiasisidondaldy

FIRDININTUNINNIT LTI

2.6.1 n1sRnmpznau

aaa |

n1sanagneuunisinliiinujisersenitmeeyninvesiisesiuiuindeves
asazatsdsenalueonyian lunsm Famn wieraslse lusdnatsiiduiua wu NaOH
KOH NH,OH NaCO,; 58 NaHCO; inlvilalansanlonusonisusiunvelaveiliazaeluni

v e

aswvaiausadsudueenledldlaenislianuiou nswieuililnenisnaziadiiu
Y9snvpIfsassuiuasaraneindermuuiaiivang fuanudeanis noun1siujisen
wiluunensdfsesivennaziesgalaeinielusisessuieliuiledtlifiennaluzwgu
wdniudafuasaraswadievliifamsnnaenou dursustesnfiensnsesviemsuen

wideidnansene laun aisasareva Judulessuvesansisiu wazarsiiduaguu
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Favthimnnifuldesn nsmnagneumineiunswisuieliiviualangiissufiseves

psAUsEnauaUANTUAUS I 10-20% f1saensUSuafanIndamsiasaileisou

2.6.2 N3N

s =

Aanistnentaniidudisessuunaluansazatsindonianiiu

L

d [

LU ANNUNTS

andu N1sanduldudsiuunzauiiofsin1sUsuuesAUsEnaufuITuss Jalduveunaina

U Y

' '
e = 1 o

nsgaduAsTIumlAAnn sBufiai Medraduy luansazansfinifauazezgiiun
annsawssdlviiuTunalagliieand 2-3% Wiy msgedunaieaisazilulauiunm

langgedu uddasldnaun Famsliisauenmzmnzaundy lnevlunsgeduloseaiines

2
o =

faunauinduilsil
augadmsulesouuin (C*) lay S Aemilandu
SOH+ %+ C* <—>S0.C* + H*
aunadwmivlessuuin (C) lag S Aowgiteridu
S(OH)" + A* <—> SA* + (OH)

2.6.3 n1swanilasulasay

wilaunisnisgaduuuulesatin dnsduiiiesudiinnsuanidsulossuliniu

'
o

usninileanlusneu lesauniidsz 1l 1iu Na* asuanivdsurivlessuniiusyqgndt wu

q

&/
o =l

Ni?* uazilaunaiindudisll (S Aanyilandulag)
SNa*+ Ni#* <—> SNi** + Na*

msuaniUasvlessuaiinduldmiielensumlmiunuiiaunsoduiusisessuld
wdwusnilossudin dnlveleyafanisuanivdeulessy iswinasindsnisudfsesiuas
Tugnsaraneveandeveslansiifasnisuanisy udsesuldUsununsuaniudouiigasnis
Forvinsuandsuitesiinidessndedddna waviieansuandsudusudiaglsl

aunsaiuUsinadlessulaan

ol

2.6.4 nswnaeulanzlneisienn

s

& aa . 2 ad o o =
wadeulanglagdilam (Impregnation) WWAsnsAdBuazazaInfignlunisinion

aaa s @

mssUfjisenvumsesiv lagdsesiuaggnudegluasazatsindevaslansiieviliian

' i
= o s

sp95UNdsnsuduailumeniparsazatvnielianineidivun (ALY

INY YUYW, NISHAY,
% 2 v
= v 1 = =

gaunndl, an) wenanlidetuegiviteulunisgaduuuiuiafsessudivdsmanomuaiunse
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Tunsnszaeivasinisefjise lnglawziisafiseniifisinum wu Tavedasenaall

aaa o o ot

UAsenumasesiuiussUiisen Mseefuildiuediunsvans Ao azgliun arunudus

ot =

wazdaniaa waddesinaluniswseuwuuiedoulanslaedsiledn Aearuaiuisalunis

o ' 2/
kg ot o =) @ o = s v W s L4

agane (Solubility) %aﬂawﬁgﬂmuﬂwmmammasmﬂau6] UBNINUULAIITITUABIH
anantAiveuth (Hydrophilic) dnsdiilssesiulifinaautdden svuuiudosuiunis
meldgeyainia vievhmswasusiavesiviasanefuasidanauifidentushsesui
vhanldam Taevialy LLé"ﬂawﬁTsﬁ’LumsLiqﬂg‘jﬁ%mﬁﬁuawuﬁwa&%’uwé’aqﬁﬂ‘%mm@&j
Turae 20-40 % vaefsesiu nandneianvneflddosiunseuuis uasw o dnans
Umﬁau’tuﬁuiqﬂﬁﬁ%maaﬂLhaxé’aLﬂumnﬁu@mamﬁL%dﬂamamﬂﬁﬁuﬁqL'i'ngﬁ%m Tu

Y =l ar ' aaa ad o = as @ =
dsavangdumenisinieudisalisenlnedslailiunisiedevlanglyvudsesiull

Junpusiail [21]
1. mawseuimLsaisenlaneuusiigeaiu

o s 3 =l o ' aaa aal o & = s o o’.’/

dwsudunounisinieuiissliseleedsieindumsiadeulangluvuinsessuiiu
o o/ ! aaa a e v =l v $ 2 1 e o <4 -]
wielvlavgfuse fizeranmnsanszatemlifasdesiinisliaiuisuunisesiunieiiluga
oInrenmIsd IN Ao IRRNTULAY N ABENINgNSURBuUTasuYasluasazany
indeveslanzdagilvasasasanasaunaiinggnsulanau anndutansazangindeves
lavgazgnifnaslugnsulaenisnenssvuiseduliilondy TnsUSunuansazaiedang
annsadnulannUsesgngus evinnsvedeuneulasldivhasanevenasuuiiseasu
InsuUTawlueuudinnsIaUsuesivihlisasessuilanwed udr3aiiusunnssyi
avanefilauldlunisdnnanuduiuresasazarsielilduiunalangaiudenis [22]
Ingundvuimeynialavyuussessuivegiuaududuvesansazaredld mnasazane
indevedlangildlunsyurunisiliadianududugs Tunnliunasildoynaveslaned

vnvg waslugininnmsldasasarsinfeveslangilaans [23, 24]
2. M3IYLMS (Drying)

n1ssemeiienidnieanainlassadiednsaufisenlaevinisoudi 100 aen

walBed Uszanal 24 9alus wsiiiendnuunaianeandevedlansasinisfnfiiagnsuvesd

5893V TuspunIsyi liwmilinudAyuinaean1snseaefvedlave N uRIv0 95 59950
[3] ynsiiliuviaedstrqindeveslavedlugiasgnindeudnouusnadinTnss vilvnnsg

nszaneflvadlanzuuilsessuinnuliainaues uwidvinuraeg1esnsiaeyinlilaneiingy

Al o

N3gEFB Al IaNauNAIT8asy Ialui s AT 9R daunisssmeladvinazane

@

| o 69y v = 2 O aa P
s ludunaunsyiiuisdadutuneuificuddusnn [23, 24]

o
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3. MswAaTUTUMTENTWFALTIUA3EN (Calcination)

nntudlwieidndiwlanUasunlidos wu lessuuin/lessuauiliiadies
warasseelanendvadldlundaifinnisaanesuazindslanenatouulanzoanlesd
vizelangdaszinzuugniuvesnsesiu lnelunsidenaamginléndudueiuriinues

o
aaa LY =

Taveiduansiseujisen suwismamglivennsesfinsel (Reactor) gamgifldlunisiuntiy

=l =

Tuegiveiinlaveidudisnfieunasseiinasonnuiugniuasaunve i sufisen
Aatlgaumgiiguiuluifieangumgiiategresiniafiduvlieyniainnisidusiedng
757 aymaildasiivinalvg Sgnquiuazonmihlvansussneuunsiaaneiild fadu 3s

mslfanmgisiningumglinsaaeivesasysznauiideans udgamgiilifaasgs
waitaehlmAnan a1 Suduresnissandveandn (Incipient sintering) uidaslallfiAn
NM33ivBINanSuAnIINAI NS auTINAALLY (Excessive sintering) @edinntssausa
(Sintering) 1e¥ilyiuTiAY (Surface area) anas winaviliuiiiaideshluinufasen
(Active site) anas wazaraiduanwnvasnisiafnnisuws (Diffusional limitation) W31y

YUAYBITNTUTIANSY [25]
4. M53anTu (Reduction)

o o aa =l o o dl - d o o = 1 o aa
Dunsviisesdndungamaiias devhnmsidnoandiausenainaisissufisen
& I3 1 o AJ v a Y a
fiogluguvadlangaenlen lagnisiuufalelasiaudieliiienisidndueendiauesnuilugy
wp9a1sUsEnaveenien WU sandraslsa (Oxychloride) Nldannsnvedlanenaslsniinoyii

Tlanzeenludiasuglegluanwueslavedasauysel [25]

2.7 AnTUATEN

A15eUATen Ae arsifuasluifeslSunananides uadioisednsinisiinves
Ujfsewiliugisendrdaunaldiidu Ineddiuedhiienswasunlamianaiivaglaivia

Iaugamameslulawiindiasuly Feduiusiundanuneduiiudviendanunseduaes

'
aaa aaa

Uinsetiume cufitetlaindinunsequarufisentuialadowasiunduiisenlad

v aaa a o

& d; = ¥ oo ! aaa o 14 s
wasunseRugs ujiseuialdenuagtuilelimsldiusaujisenlussuuinlissdundsau

o 14 '
s =& o [

nsrsuresufiseiuanasdmaliinUiiseldiitudeissuisendadsanndesums
nszAuvesljiten Iudaseninduluiiamendamdssunseduldosiigndsaiunsn
AnufAsenld [24] Taedissfisenenadiduswlumsiinuisendevioldildiiedugn

Ufiseisafisewesliviinainfuaslinuantfivilounaudusiu
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2.7.1 vllavasinsaujisen
2.7.1.1 fsauisenenius

fussufiseeniius (Homogeneous catalyst) Wussaufiseniiiinnin (Phase)
\enfuansneiu (Reactant) uagndnsiuel (Product) Aldiduiiiedeanunazazansagmuiy
Taun fLseUisennsa (Acid catalyst) uazaaissufiizeud (Base catalyst) luansazaneii

wu nsegansnlaneylansanlya

Jof ApAuausalunIssauiselafnindissufiisediisnusuasiiaudinag
rowsfisenifeanslaie Tnsanngildlunisyiugiseflisuuss awnsofnwnalnves
Ujisenldiendn warlififymidertunsundvesmsdsulumdaussufiseniosnnes
Tudgmeaieaiu ﬁi'ﬂ%’ﬁiﬂeﬂumwamﬁwLLazarﬂ{]mummiaa’m@w’wa&wawﬁmﬁaamnﬂﬁﬁ%magj

Tun1zUn@ 1y aruiuusTeInd wavaamalivesialsslfisenidsniluuns

&/

foidu Aeusnfissufiereenanasisdunasnandnldonidessnegluinaia
\Weafu 33nsnlddulunafenisatanienisndusefvinazas wazaiunsoiiige
UAsenduanldlmivilden eagnsldnuiissfgouvueniusdunindasejise
s,wu?‘;ﬁﬁ'uéuawé’&%umaumﬂwﬂawéfaaLﬁﬁﬁmﬁmmiﬁwwﬁaLLawT’JLi’wﬁﬁ%m%ﬁmﬁ

dnaanesmvsaidsanmluannenlvanusouniamnusy [24]

v €

2.7.1.2 isaUfisunidsnus

]
=y i

L3I iseTIsWus (Heterogeneous catalyst) iusissfiseiiiliingniaunnsng

a

MnanssuLazaswihugisemselisintuileoreriutas nandndniduaesuds fiss

Qs i

Ujfsenviladisus 1w laveuazdlolan Wudu dussiiseondedldnalnnisgedu

3 aaa o

(Adsorption) Wagn13AEEU (Desorption) Imam“‘;mﬂgﬂsmasnﬂmwwuwummaqmm

YUY

s LY 3 o aa

UQﬂ?B?UiL?MﬁTLLWUGﬂ&JNUG‘i (Active site) LLauLﬂﬂUﬂﬂ?EﬁWNaNﬁWﬂLﬂﬂﬂJUﬂﬂﬂqﬁlﬂ’@ﬂ%’m

E

% L3

Gl']LL‘V'TUQﬂiJLIHG]LWE]‘LVTG]'DW']UQHEEJ'IL"EJ’H.J’W]Q‘?IUUUWUN'JLLﬁ?LﬂﬂUQﬂi&TWBIU LAZAILY
U
2

Unn m‘EJ']'ﬁ']i.l']‘iﬂLkEJﬂﬂE}ﬂll']"iﬂﬂwaﬁmm‘ﬂLLavﬂ'liﬁNmUhN’lElﬂ'}’W]"JL‘NUQﬂ?EﬂLLUULE]ﬂWUﬁ

ﬁ%&l’]d a&ummmmmlummmumwwulmm mem%mawamimuaa JCELEIER

D?"_"')D

aaa al

awnsaldldluannzfigumgiuaraudugald diseufasenfiongnisldemiionu

=

annsonduinlilwilaie witldedefieldanivvesjiseguasidgmiioatunisuns

gasansssrulunissuisoniiesanegluigninfiuannaiy [24]

2.7.1.2.1 auseuisenvtiniifnsedu (Supported metal)

s @

mistUfnseutingiisessuliasdusznounidfey dall

o
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1. a5L39U4N381 (Active species)

o/ ]

[ d' o v al' [l =oan :!! aaa 8 [ aaa ] 5
Wuansivimthissuisen fedsaljiserenavszneulumeansisaufizenvinguy
winsalnansisafzeniisimunavieiifuifion axdenliifindouansiseu§seruu

59493V [26]
2. 915995U (Support)

finagiduasfiflnagnuasiiiuiiings wihiivdnvasisessudonsituiuiiioun

U

assalfisen uenantlluuensdlaslidunsiseriusswinmsesiulazansissunseni
audedlalunisviugitengadu laemlvasidenldisesiuii@esuasldinufisetlag
isesiuensegluglvedin viens Tnendeuldlugnamnssufie ALOs (Alumina), SiO2

Y

e o @ = o i o aaa
(Silica) uae carbon ssosduiludnadenifidwmanaaruansalunisigisen Tay

g '
vad o w =l ala

ﬂmauumwmﬂmmaamsaﬁma UWUNKHT (Surface area) LLa“USN’WIﬁWSU (Pore volume)
qam'ﬂmaqummmmmlums@mfﬁ‘uu,asmsﬂsxmamﬂuaa‘[awlmmLLasaumﬂimma

Tavigfisn [26]
3. Iwsluwmes (Promoter)

o o a 1 aaa a v a v a
uansilallivihmihisadisenlaenss ssfnd luludiuadndeslurnsnsoy

s ! aaa él. 1 b4 I o aa 3 t dl ydc’{ o = s 1 aaa
missufisenietelvansisewise whmhilaavu nsduunuinvesiussfizen [26]
ToRvasssuiseveslaveilaniifiisesiu
] s ' aaa o o <4 =l q"{ 8/ 1 s
1. JuissiseaansadnmsviewisuvuladeuasUaonns

2. \udnssiseriannsaldtfumuinsalldvarsviiamnenufnsaliildtu

mnaniiluvesmar Msafiservied awnsadwnldlnl (Recycle) lalneinnsnses
3. \WusssUisenanunsousnaymediiulanzesnainiuléa
o @ W ' aaa | o o LY) e o
4. fsesfuiisaditennelunisnsemeimvedanglilvinedulunguiou
| ¥ aaa oo &
danaliufisendiasii
5. aynanidulavgegueniuegaududassidiovhnsniigumgiiags Falavild

o <] i
aunalanesminulusynialvg

6. anseuisevilnil drsesivoradumlusiumesladnse drudenauq
JuegfvantRanziiveaiisliseviintug wavszuuvesdisen laun sssuvifvey

lave sllavedlusluwmesuazines sy
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2.7.1.3 fsaUfAsenTisnus-tenius

Duissfisenviiaeniius (Heterogenized homogeneous catalyst) usilaisausin

Wulleifeniu iesondassufisediilulanavuialng loun oulel (Enzyme) Fadu

o o

arsUseneulusiudaduluanasuialuguin wulsdiduduselfizernviliugiseden
Jumizgs uariidasnialunisifaufsengann wulvdidudisew§isenineidesdiu

Ufisemstadl [24]

2.8 N3AAYU

3
a

) X = a v v o &
n3gAdu (Adsorption) vangfis nstuAsuLUamNUTNTUTeIaN TR URIvesa15gN

s l:l s o o/ o Ad a - d‘q
AAYY (Adsorbate) wauwaimamaﬂums@mu (Adsorbent) TaaasNLNa9IUDATE AR

'
o

(Surface free energy) anvzgnaadula urarsidndssudasyniagaazlignaady

Y U
'

nszuaunsgaduintudedimsdudaiulnonsssewitsasgngaduivansgadu Viunums
anduiufuvanstiads 1wy sssumAvesasgngaduiuanIgadu NuifavesFagdundsey
N5¥AUTOIAINATY UAZANIYNISAATY 191 QIUNQI ANULTNTY ANUAY WarWAIITUANG
vosdunIAteszminansiigngadu (eraliuvewdweavaimdousa) fuaisgadu (Feena
Juvesmamievesuds) dofuidefinadeuudatmudunismududu uaznis
LUE—]"&JumJadqmwgﬁwﬁﬂﬁﬂ%mmmsamﬁuLﬂﬁauLLUaaﬂﬁ@Jm«FnLﬁmﬁuquw‘%nmﬂﬁuﬁa
(Interface) Taofiitignaniaduresudaane uazfiuignamenmiuiou Tuanavesansd

1%
o

ngeduinzeguuRaviinreseudesatsgaduiaiunsgaduie vosulans Tueg fuiud

o W @ @ -

TdudavovosaInadu n1sgaduaniintuiiiosninusesiaganiy Aveveudsd uluans

=D D

gaduiAunniiimdanulaivediianavedueanaiiy MIgeduuuiavends wiseenld
auwssfgaduseniniuialuanadu 2 ¥iefs nisgadunianenimuagnisgaduniaadl

[27]
2.8.1 NM139ATUNTNILATN

N139ATUNNIEAMN (Physical adsorption %38 Physisorption) 81fElIIAIAANIS
IWfhegegauq 138NTUIUUNDIIEE (Van der Waals) wiowuszlalasiau (Hydrogen
bond) wssAegaszwinsansiegluresmariuarsgaduiininnitusafgaszuinsanslu
yoamaturesvaniliansiiegluvsamandrfnegiansgaduunu nmsgadurmanioniwlyl

flusensesu (Activation energy) 1nifigites musaurasMsgaduilataunismindignga
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dueanainiiigaduladieuaznisgaduiiadouiulimatadu (Multilayer) Tnausazduy

gouviuiuaginilatuniintunou lnedwiutuazludadiulaonsetuaududuvesans

waziindulalaifngamaiion [27]

2.8.2 NMIATUNININLAL

s =l

nsaatuntaAiinIsgaduniaail (Chemical adsorption %58 Chemisorption)

u

Weaduiledgnaaduyihujisenaiiiu HliAansidsuwlamaeiiiindigngaduiy e

LVAR ]

= ol

ﬁmiﬁ'}mmmEmmumi:ﬁwiwaxmamazmjmsmamﬁu waninsInssarnaudulvlaeil
s é i v 7] [ o =Y cE; dll = 1 Y

wuszLﬂﬁmriqLmLLﬁsﬁ’meULﬁuwuﬁﬂﬂnLau% iniinfudloguvgiiganingmgiiings
resanshgngaduiindsaunszdiu (Activation energy) Wuniigadas anuisursinisgadu

fidngansidamgngadueenaniimgeduldeinuagnisgeduiuwuuduien [27]

A157197 2.1 ﬂﬁi@ﬂ‘iﬁjﬂﬂLﬂﬁLLﬁZ‘ﬂ'Nﬂ']EmWW [27]

mMsgadunted N1sgAduNNAEBAIMN

ﬁhmm%’aummmsgm%’u 50- 400kJ/mol ﬁhmm%'au!uaﬂmagm%’uﬂssmm 20

kJ/mol ¥3a1ia8nin

AnldTigamaiigs Ainldigamaiion

luiiAnnsiunau iAnnseunaulamdudulg
Annsgaduiiiosdudien \finnsgaduvanety
fndseunedusiudifedos Lifindanudedusiudifededdunssuiuns

2.9 msﬁmungwgumummgm IUPAC

2.9.1 UssLangwsu

1. nqululaswas (Micropore) ugwguadvuaaundraldiiu 2 unluluns

¥ =l

(Fywntioandn 20 Seansew) lassadegnsunuululaswesil dflogdwiunnnavdmaliiian

U q

aenanfisuafiuiiidiwizgeunn uazsilosnnanuninvesgniuiuululaswesiivuie

flanivuinvestuanamluliuninuainminde Weilluanalaq wdeuiiviuneglus
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winkalaanawmauIranogn18laNENave LI B UNIATEIINHTIVDITNTY LTUTEN
W3SURsATENIIN “Usaiumeiad (Van der Waals interaction)” Uaglhsawiumasinadil
afivhlilassasegngunuulilaswesanunsadniivluanauiseinelila 3 aduuselon

sgnuflietfagnignsuwuululaswesluuszyndluimalulagnisgadu (Adsorption) w3a

o o

JandmiusTaguiuseuisenad

2. nguillanes (Mesopore) Huuagwgufindrenituuuusn Ae Jwuiaainuning
Tusiae 2 89 50 wiluiums (aglutag 20 dvansen - 500 dsansow) Awiluselevinaenug
1% v e ' a 1
wyuwuululaswedlumuanuamnsalunsnninuluanalaeanizegedsluanaruinlg
° = | ¢ A ad [T < = =
Jmanastiluiana iy eulesd vie fvue Wusu Wesninanstiluanalaguiniiauin
Tuanaflvglusgivunluans Sevihlisanuneinadnnutedilanesdndlaninasie
Tuanavwinlngmanilnanauuifievitlilassasngniuwuuiilene svuaandanadidne nm
Tunsinifvanstlaanawmardleilusged mednvassnanivililasasnsgnuuuud

lawesuuingniemhuldilutandwmiuniseSeguioules

3. nguunalATNes (Macropore) minefiagngufidvuInanunienus 50 uly

wns ulU (W1nnan 500 seamsew) wuiiluefnulassadiegniuawalngmail (Madllewas
1 € M Ve o = M val ) | i a

yunvguasuualasnes) llasuauaulaunnin wesanldladantislnensasonisiig

PUIANUARIT NN IEVDITANNTUTINAINTHVWINATINN T 9ve I gH LT g ndnluananaly

= o

1N (Maneseawh) Jaliussuneinadlifidvinanglugnguinand aedlshd Tu

ﬂ v o aw W s

sytuinideauiannisnsulaysnuddgyludintieguaslassaiegnuunalve)veai

q U 9 4

Tutan ieannlassairegnuiinaniivszloniiluedaunnlumunisduremediies

g dmsunisiedeuiivealuianadieg ludgnguuuululaswesfdvinadnninldde
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Waz3IAL377u Wessntsann s uuiiinanasunstugngueeslianayesvedlua

= a v Y
WPABUANN LA ULDS
2.9.2 lelemaunisgadu

"L'eﬂﬂmamfﬁgmﬁu %aL‘TJuﬁaLmu‘Lunﬁa'ﬁuwm‘iﬂsxmaﬁwmﬁagnQm%’mwd'\a

Ipaaveamallazesuls lagdnsnisnszanediflaunsainlanynaunaiarazduagiv

Y

§
=

rududuresigneadursenuaURvesgnoaduiiielinn1sgadutuluianaresdiaign

U

ot v o

anduazidinseunsmnimisfiamsaaziinnsgaduILRun LAz a1 lius e
Aannvesimendugsuaiosnmurisiuiniveyas usenadinsannsagadulaanasm

i i
as

nondulalaeilifadunisgedutuiiaemietuiauiniuiiseainnisgadutuaes

s )

| Y
=

AouituLsnaziuyniwmwazluu U9 Eaad uss A T UgIY JUT19T84
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o/ L & L r = a dy <= L
lelwieunsgaduazliteyainediunszuiunsgaduuasUinnaesansgnaaduuuiuiaf,

s

andulelemaunisgaduiinatswuuunndsfiuduegivriavasansgadurinansiigngadu

wagdumsnsvnsswInlianafuiiuiivesasgadu Tul a.a.1940 ladn1sduunlelswey

n1sgadurssaunaigniaufaduvesudedulay Brunauer, Deming, Deming uay Teller

\Sendn BODT lawusdnwauzlelemeunisgadueanidu 5 wuu Fanisudslszinnlelamen

nsgaduves BODT ladundnlunisuvsssimlelemennsgaduves IUPAC uazdaqiuls

finsiaueuszianlelaweunsgaduiiugn 1 Uszian d9 ililelemeunisgadures IUPAC

auysel {u 6 Usziaw

a519it 2.2 lelsmennsgedi [28]

lolannay

o =

AN85UNY

LUy |

| iAnvesansgaduilotieanysal uaziinnsdudafiudueulag

v aa

Wulelowenveinisgadudnuazianizvesasgadui

PUAENNT 2 nm (Microporous adsorbent) msgaduau

Tngjasdunmsgedulugnsuvunadndnuarlelamenazilu

ALY (Concave) Maunu P/P, @1sgaduiivuinlvginad

yuaduruguinansveslulanaignaadulinin mspndy
o o A

fifunEineuendoy daunisgaduazgndinaliasainly

annsnidrluagngurundnls msussyluanaaduguunn

Wanissendutuidealaleveuwuuld uneasuSenan

Langmuir %38 L-shape isotherrm [28]

wuu |l

=1

uguvuunfveslelgmeuiiiinluansgaduilifingu

o W v A 1 .
(Nonporous) 38 faagutisnsutuinie (Microporous)

Y U 9
Ingluwuviinziianisgaduiseilissainnisisesiluana
= 5 = 1 & 1 = =y [
WeruLae? (Monolayer) agauysainauadnaiunany
U (Multilayer) lusiaunanlelameunsausingalasu
1A %3997 B (Break through) azuandfian1TgATuLULTY
WertuiasauysalnntuiAuiuguaziianisgad ud
Aelllosnintuusneeluazagiianisgeaduiaiaauysaiv
AuRugargeqlalemenwuui veasuienia Sigmoid

%38 S-shape isotherm [28]
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wuu I

a0 [ ) Y

Wuguuuuvesnisgaduniiussisganseuseninigadu

U

L/ ar

LagAIgNAATULALTIRIARTENI1eRIgNAnd Ut u iUl

b

ADULNNUINANATAY LV IAANITIIUAINUVDIAIDNAR

Yoy

=

Funauiinisgadutunsnaziasaauysellunuud I ezdiuss
nsgyisgvislnanangnaaduiuilasgaduannndiuuy i
Fadunsmaglaeean (Convex) 91w P/P, 31uUa1sH

[

gnaaduiiuguegslidindalunuuiivay (28]

s

WUy 1V

Wulelemenvesnisgaduidgnsundvuialvgnitvuie

Y

=

Yo UgUnaveslulanaignaadutInIuinnITiTes
Y aa o < & u o’

sraaslaananiivesansaaduiluanitu (Bilayer) AUty
YoenNinTuBnaTulanuiuindy uandliiuindign

s a 174 a 5 = o

AnduiuANlugnIudnAT AN TWABUSEAUYDINT W
dioanusiuintudndunauisnnisauudunislugngu
999099491 (Capillary Condensation in Pores) Inganwuae
yo9nT I luYausnsmila uiveian 2 dagadaeulAsas

L.Lamﬁ&ﬂW'iﬂ“mﬂﬁ'mTuLLsﬂa&mﬂuyjmi [28]
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v el a

usaiagaszainalulanaigngaduivinuesmsgaduiiatos
Faznuluansgaduiisivuiagngulugiadeniulelumon
wuu IV dwiulalsmeniuy Il waguuy V i agfuamm
Auiialdeanidesaindunisgaduduiiaesazgnaiedu

' PRy < L4
NaUNYULINIBLEIVANYIU [28]
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Junisgaduuuy muttilayer LUuw T uuuRv0
nonporous tremmgeausasdusziiuniuanisoves

monolayer 'lu"i:iju‘l?uﬂ (28]
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2.10 n3peUfnsal (Reactor)
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= v 1 aaa [ 8 [ a a o @ v Py =
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winfenainufAselilueiesufnsalifeatu aunsaaduaussousveaaiosufnsaily
gaduldanmamuemensiduturesansssruvogumailunsifnujsefivanzan nsld
mwFeuainufisenaiefouitoduuvdmdsaulifuujiseigaanuiourilingsly
wasueesiuseavsnm sy Sundaalidnumieufifinisideanisanas nssam
winsensruviheufiRnsannsavilinane s Mudsdemalildindosujnsalviingneg 7

WNEAUAUNNS bI9UT5 9 [29]

2.10.1 p3asufnsaluuung

ww3BsUfnsaiuuune (Batch reactor) Whansvinunzeavuatowdnlulumio
Ufnsesfislinouuaifusiufisen dowdsauufiisemunaiidivun Fsdwesman (@svin
Ufisenduniony uasndasium eanatniasesunsal lnemldagliiaiosufnsaiuuuiis
nu lneilluniudisniuasinfisenlvilgumgiivasiianuuduviniunass n1sanewm

v o a ¥ & a a YN} fa o @ aaa

Anusauvilaanisinnsudniia uilauseuimisldrosdnaninigludaldlaluujizeiuuy
nusIgMaveuraaz Uiz iisnusigninfing-vesnas Jgniafing-reuval-vesuds
o o o ' aaa @ e a s 1% [
Mmuiusalfiisen warigniaveaval-veaval laensesufnsalavusenaumeluiinniu
waz reflux condenser telinaniulafuaztosiumsnarelulovesansusznaulasaunsal

Heanuuunuelivanuiuusseneuazgumiiliiiy 95 ssrieadea dagy [30]
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product
oullet

P [} = a L3
JUN 2.5 diutsgnevvenaiasuijnsaiuuny (31]

2.10.2 wn3esUfnInluuusaiiias

\wInsUfinsaluvudeiiies (Continuous reactors) a1sviugazentouidnfini et
\nsnaufnsalagereiiies niniusinlalnasenuiiinvesnanungvaussasulnsaluu il

o

vieguuuuismunaruuuvielva Ussiaiaiesufinsaivuusioiiiog fided

hard water in
R4

contains Mg?*
and Ca** ions
jon exchange

o .,:/ resin

soft water out
Petonsesemanar: 4

Mg?* and Ca?* ions removed

Ui 2.6 dwdsznevvenatasujnialuuvsalies [31]
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2.10.2.1 p3esUfnsaluvuvielva

.—41 = 3 1 dl' = 1 8/
isesUfinsaiuuuvielva (Plug flow reactors) luiaSesufjnsniuvuvielnaiilasaaing
AaNEAIsLantURBuANSaUSEULYIB (Heat Exchanger) Miimslwaluvelvnavuiuiunane
vie ansvhufisenluaduveiiiiuimidavindunasaludnvazgnguigniusenluainy

duduluwuadeaniunisivawifusaen anuiduduluuurfiemanisivaliwifumsed
Uiisenintusdrsraiasiiliaududuresmsin jizsdsuly uenanduluaies
Unseduuuiflaiimsnandniu Snvazmsluavesansiufiientizondn nmslvauuugngu
(Piston flow) visauuuvialua (Plugflow) [29]
PRODUCT
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«»

COOLING WATER

9

INLETIOUTLET

1 REAGENT INLET

U 2.7 mu‘ui“nawauﬂsawgmmuwm [31]

o a ¢ =
2.10.2.2 Lﬂi’@\‘iﬂﬁﬂ‘iﬂiLkUULU@ﬂﬁV}

i3saUfnsaliuuiuansi (Fixed bed reactors) tn3asufjnsaiuuuiunnsiiiluinsos

as =

Ufnsaififinnsesnuuustedeliiinisussyingauasinigluiaiealaeingivaglidingg

)
\ndouiilapazfignliausaunasaunseiusndivuadsiindeuiiluiaiesujnsaiide
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=
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mensgeeanlaslidugyaynia wnsesufnalvilniiluujnialodrdteign Jeilouldiy

o
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=

o/ = = (-] dy &/ 1 o v = CJ = ) dy = v
wilusziunskaniinsissuuliinldidui feduveuniesfnsalelinilifie avseaiinig
a = a 3 & L a a wa =3 v v = - [ a o &
Uarhveanissufnsaivnasimdsainnudianisiaialiumeaimianediewantn ity
gpsudsoananinissujnsaluaztiouingivyalvaiadluilunisy lU (Batch Systems) datiu
sruunswaniaduluguuuunsdeifieavialiseiiioavintdu (Batch or Semi Continuous

Batch Reactor System) [29]
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products and
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catalyst on
suppart

diffuser

reactents

= | F a ¢ =
U 2.8 @udsznauvrpuasasufnIuuAAY [31]

2.10.2.3 wisnsfnsaluvungdaladiun

L3

d’ o a L4 ~ad dl = L = L4
iwseaunsaiwuurigdaladiua (Fluidized bed reactors) insasuijnsniwuuvigdalad

= -s' a € oo Yo a a = o a ¢ 3
Wuesesunsalfisinnseanuuuliingduiianisiafeudilussuuunsaluvuiudau
(Turbulence) aunszisunninun Tngiuiideudirazgngesliiivuindniisanafiay

annsarasunuuututuleetnedasewaglanasnulunisyinlminanududinteganntu

'
=

TngRvargniouidisyuunuuiduassq mudsuundesnisdieingduidfeniely
o a ¢ala o o 19 < o o Yo  a o LY Yoo
w3ssUinsanfinisdeufreianimeninnsganeginluingfuiadousuuuiudu
& oo & & ' U o a
(szuvilfuszuuiiinisnanvesine-veauds) nuuliauiouunssuuIunseiaingiuunn
FmuaudadeastauingavidrdnasmiinsinuvesszuviRaluansadnlaindu

wuUsaLiios [29]

Distributor

JUT 2.9 dwvszneuveanissufnsaluuuvigdaladiun [31]
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2.10.2.4 \wssunsalivuianiusieliio

in3eeUfnsaliuuianiusewtiad (Continuous stired tank reactors, CSTR) @15%1
Ufisemmunazgndeudimadivesnissunsaledesiailiodlaeiiluniutieniuansvi

ﬂﬁﬁ%aﬂlﬁﬁamwﬂﬁua“ﬂmmﬂmﬂmﬁ'ﬁumaaﬂ Tunuimiiuenanyilviansvinuasend
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asaus (Uniform) wagiyinnuamanududuluvaslvanlvassnvsiwsazs [32]
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sU# 2.10 muﬂiyﬂa‘u*uaamsmﬂgmmwummumawaq [31]

2.11  dsiululefwa

Iulofiwa nueds demdnwariindnanlutudnd diduainie wioamsisuuie
Wdn saudsiiuildugannnisuseemmas dwadiunseuIun s Iuedveiliadu
(Transesterification) lngn1siiNKOaNDEDA WU WVNUBA 130 LBMNUDR Laeilfusauf]ise
wiu Taiisulansenled anelénngaaumniigs Wedsuluiulhduuiaeamosues
nsnlviiu (Fatty acid methyl ester) wielefialoawnasvoansaluiu (Fatty acid ethyl ester)
‘?Tuag:ﬁ'w‘azmwuaqLLaaﬂaaaéﬁiﬂuﬂwmumwﬁm wazilndweseailunanaosla
Feanusatuldlugraminsseuaziaiasdion (33] tiululefwaausalfifudoimas
Suqvseldnauiuiniuiies Wudewmadunissusmeald Tnofisnsnisavanunsald
nauldFaunsnsandosar 5% ulU Inevhluud lulewadiugitldvhnnsanfu i
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Awa JUesunin B100 dwsululedwaniilulefwasovay 20 naunuintuRwasaray 80

ot

TagUsuing Sunan 820 1Wusu [33] luledwa Andnainuisiunylududadddul
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avoravasnsudoduindon aunsawninliliauysal wagladeiiuai wainiudieldiindiu

- = fal
Tulafwalulpsoseunmiea
2.11.1 nszununisuanunsululafiea

TneUniud dfuiielud3una 100 dw iujisertuueanssed 10 dw Tnedlans
isafAseegfearldlulefioa TuuSina 100 dunagndiweiu 10 dnilunszuiummsiu
wamoiintuieulilufuulensenlas vialnunadeulansenladiuarsisaufisen
drunsruaunisieawmesiiadu dnldnsafusduniansanoanadn iWuarsissldisen
TnenanansisaUiseriuweanesed feududhuiitorsudiufis Uiiter swvesns

=Y =l =4 = =3 3 Qs al
nanlulofiwansonsiiawiiaeames [34] uananagun 2.11

H, c OCOR' ROCOR' H C OH

HC OCOR" + 3 ROH ——=t ROCOR" + HC OH

Hzc—OCOR*“ ROCOR-” H C OH
triglyceride alcohol mixture of alkyl esters  glycero

sUT 2.11 Yfisensimveaniaiiinuiiaeanes [35]

luledwalunandanilaniiuieiiiunssuiunmamaaiilislinuandilnalfeany
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s

2.11.2 Wisuiisuanaudiswirthiululefiwadiufiva

1. dhifululefwaifundsunaunuazenusmanniueiudussdusznauih
Ihadessuslivanudeladveanungusseinia fufuddsviwiizentuduiinnaanuasyii
LilAndunsaty uihiufeadeiiosdusenovrasimedu iogninindluaiessusiudy
fuzduazdsusuiliudameslneenladuaznsndaiiadn wie nsnfuziu audidy nold

Lafiun19e1nd WerunnasuisausnulanwIzyinlmiiadulunsale [36]

2. dudwaldiosndiaueglulaseaieluiana uaziiesdusenauves

a1suUsenaverlsuniinsavay 20-40 vauznlulafwaldiaisusenavaslsunin wanigly
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Aeduladeuazusinniuazouazaiumtogninitduaiea [36]

3. genulreaiiiululefiwaiiganiniiiufiwadanalirseseuaililulediva

finsyassidntininaseseuanldiuniuniea [36]

4. Tpssasrvenhiiufwalufiiusydluliiana uslulassaielulofwaiiiusye
Turhdudia Fefiusunamnntssunnasfiuduediveiavesdiuiuiy mvluleAwaliaiysi

Vnsandwdulasiniisiufwanazilszezn1siiusnwannisuanduninuindufiwa [36]

w
o w a

5. lulefwaiinaaud@lunivideduiasaseuianinhiudiwavilvineannisdn

s ' = = wa

nIpvodATessudlan lulafiwaiuananniiduivssrdanuasiauaudfiunnaneiy el

q
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Wesnmifuinduasuszneulasndiwelsafifinsaluiueglulasainvedlasniwelsnda
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2.11.3 aausuvivasiululeniva

1. yanaauauazaion (Melting point and boiling point) Tulefiwaiindn
nnihifuiivazdiasuiaeane warevinegsuiu auuinunsaluiuidussduszney
voshsufiviug ﬁ;waauﬁ'aLLazquﬁaﬂﬁuaa"LUIaﬁma*ﬁuaeﬁuﬂ%mmmﬁaLaama%ﬁgﬂu
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q
] 2 8
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2. auandRnisiuanigumgien (Cold flow) Aaautinisinalafigumngiini Ao

: [~ [} s

auausalunisldudemdaigungiivivislugiivssinanionanuindu dwd
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gy Ao gumgRiidemansuilufintuillovdesiveiwdiaduas dugalvam Aegaumadl
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Tuledwaniinunndesfianwiluveavar ldfiannuguiuey [(36]



38

3. Anlelofunaziaiosnmmenmsiinufisensendindu Aleleduvesindiuiy

Juivsuenifivsunauses (Double bond) Meghulassaialdufivaiiaiug diiuiy

i o o A

firlelefugumuneainuin ihdufivdudusinunsalvdurialiduiulussdvsznousn
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4. arauseu Inevluudliaiuivuazlulefwasziaiainudoauninin
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5. Arpunila Wledwanndnanuiiuneynvindsiainiunilngsnin
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2.11.4 aauawlulefiganinasieiatewus
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GT]LL‘I/‘i‘H\WI'JENl’JP’I?Jf'l']'imﬂﬂ{]ﬂ‘ifﬂ muu LNBIUI@G]LEHEBEJIUVIBNW Hay 059@ visedany

U

1% v oo W

nszAulv ”uﬁzfjE,Lmﬂaam.ﬁrﬂLﬂuaqyjaﬁfﬁz‘dizﬂauﬂ‘uamaﬁ’uaaﬂ%mﬂummﬂ%ﬁﬂﬁ

q

Waufiseneendinduiu Gedwalilulediwaiinanimisnas Tneldanaruviniigau
(Anwedweslsdiwtu) UsSunaweseanlenninuazinfuiniu wazdnadesanisteaulu

w3nspudsely Tagdfnsenlalasdiuduidunsifulalnsiauadiun saluiuludusidanen

. v da U

(Mono-unsaturated fatty acid) n3ensalagiuliddumnivuszalulassadrandasunusls

U

nanaunsnloiuduea (Saturated fatty acid) dualvinaunwihsuluiwanlad 30
NABUNAIFITY fadesnmsenisiineendwdurasuniululefiwa varannnudunse

Tuntsululedwaliunyldamisadafvlalusseziiatuiu Tasundinisidjizen

as I

=l s o A = L A:I aAaa < = s
lelasiaudiuduazyhluinissunsaiuvunsniisassfiseninifatisnguy lngldammdu 1-6

] =

U5 wazogigumgiiussina 170 ssrnwaided Saduanieidiiliinufisenguiss lne

Y

2/
LY

fswiserssgniiumuluegidunelfussenalalasiuildadiluasiiaiunesenie

wazrauluiiueziufisenlalasduduintu

JoidsvesUfiselalasiiutdune Wweswnufiseniliinneliannzgumngiiuasanu
fugedemal iz eiiedinusuusoiiildusnnasesnsaluiududunnniiu 1Wusaliqe
vaeumanvesiululefwaiiuiivegsunndwmaseanUinislvavenihiungumglinnvinln

a o & a a (3
Winnsaadulussuuirainisvenioseun [37]

H
H &2 H O Hydrogenation HHHH P
H-C-C=C-C-C_ » H-C-C-C-C-C
HHHH OH HHHH OH

sU 2.12 Yisenlalasdiudu [38]
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2.12.2 Yjisemsidealalastiudu

nrsansiuauRussglunsaluduliddudidientsviiljiselelasiiudu

(Hydrogenation) LUuaﬁnmmﬂmwmmuwwmau’lm 281915AM 11 N15BATIUIUNUTLARDY

U

o o

arlutSinafinewng msvindunidoa-lelnsdiudu (Partial-Hydrogenation) titetasriu

'
a

Llelulemaailnsalesudusunniiuliuinsizazdanaidedaaiuaiusalunisiva

(Cold flow property) figrmgiisnuaslulafia \lesnnsviwasidua-lalasiuduas

U

siaiulufiniswasunsaluiulidusiiifuszgasasiumia (Di-unsaturated fatty acid) uaw

WuszaausumUs (Tri-unsaturated fatty acid) luifunsaludulidudiussgniaiumia

U

(Mono-unsaturated fatty acid) Ufjfisensinanivziintuld wesgluannsfimunzauuas

fssufidenastedauaiumuaniziaizas (Selectivity) Tunisifne@nsios

Ufnsemisifualelasiutfuiitoldune ﬂgnimuavmlwnmmwusvﬂmaq
LY t:i t 2 o v =l s 1 o
ﬂim"l,ﬂuuuwmmulaimLﬁ]uaﬂuiﬂwam%m‘tmﬂaaumnnimlwulmumw‘[ﬂwa'mLmu

Falolaiwas (Cis-monounsaturated FAME) wWasuluunsalafiuliduimniilaseasteuwuy

as

Savnsiudlelewad (Trans-monounsaturated FAME) anasifinduvesnsaludulddusini

Taseadsuuunsudlalowes (Trans-monounsaturated FAME) yilvidsnansgnuilisause
Aun iy W Filihifuiigaenesneungetiudwalinuan iinisinaveuifidigumai

R1amnad L8931 mono-unsaturated FAME Noglugy trans-isomer iyanaouinad

(Melting Point) aindn uazlassainainesonsdusa (Pack) fuduvesuds Waidsuiiisuiu

Y

|

cis-isomer Yilonshululafwadiil trans-monounsaturated FAME fanuansnsalunisina

(Cold flow properties) Yo iuanas

o =

arsanuSunansalesuludusnilasiasrawvunsiudleleiues (Trans-

monounsaturated FAME) vasu1siululafigagiunsainlalasnisaivquanitzluns

1 as

a aaa 5 a o o o aaa o v aa
WaufAsemisifealalasiuduy lasanznisiiufisonluladeiinanesdniinis

AuFAzen Ujisemnidealelasinduazyhnannenseulouviengamgiiuasmueius

o aaa

$ugRsenAnngumniigauazmuiugazinduujitolalasfutulasiiliionsaluiy

LT V]

Liusiiasauunsudinndu Tnsnsihuiisoransalinuasesfnsaluuune

(Batch Reactor) uazia3nsufinsaluuuiunns? (Fixed Bed Reactor) dimslddusafjiseyin

2 a o =

wiiPReBLanAseuBaTEIINWUSYE ULAATUANENIE fldlunsiAnuFiten 1wy gaungil

u

2
=

anudu Ydunsvenialalasiaunarsunudssuiter Wudu Ujiserdaindnaziintu
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[ o o ' aaa | ! a o
19 LSJ‘GEJEﬂUﬁﬂT!BV]LﬂﬂJ']%ﬁﬂJLLE]SF]’JL‘NU{]ﬂiEJT‘J%‘U']HﬁﬁLﬁiﬂJﬂ?’lMLQW"]ﬁLﬁ]'}SﬁN (Selectivity)

Tunsiiananfug amnsoannistiansalaulududNnilasias 1 auuuns uals fau

i
s

UiRsomnsidealalasiudunionindeniujisenlelasiutuiunsnlufuliduigedou
(Polyunsaturated FAME) TiiAnilunsalusiulidusiniilassadnuwuudalolawes (Cis-

monounsaturated FAME) 3agnu mﬂmwaﬂiwimmmwlﬂamwa [39]

H, H,
"j ¥ H /O Patial Hydrogenation H \ H i:l O
H(%CCCE"C > HCCCC{)C
HHHH OH MY H OH
sU# 2.13 Ujisemdidealalastiudu (40)

o/

2.13 MUAWNNYIVD9

Akshay Jain, Rajasekhar Balasubramanian W& ¥ Madapusi P. Srinivasan [41]

2/
&

aATeilldAnenisfuiiuiiswguves Activated Carbon Tagshunszurunislalasinesia
ansuanlutiufiiunsnssduiansayate ZnCl, TnevhmsAnumavesgamgdillilunis
v¥iufn3en 200-350 ssrneaidea lutian 20 wafi uardnsdmves ZnClinsamsning
i 1:1, 2:1 uag 3:1 Lt,azﬂmjﬁlﬂﬁgﬂmzéjuﬁaa ZnClL, Rntuisariunisaiveuluedy
fgaumgdl 800 perneadea iuiaan 2 dalue antuimedreitlduiiessiand@se
wAdlA CHNS analysis, Boehm titration, BET, FETEM lasn31u7171 Activated carbon

o = ¢ ') | % =i = -
WNWUHW?W?WLQJUW&T’}U@m'ﬁ'\a'ﬂu‘ﬂaﬂ ZnClZ:ﬂaﬂa’WﬂJSW‘iﬂ Lﬂ‘u 221 mqm‘lﬁﬂuﬁi 275 paALaLae &

& { 3
=1

wuiniluSunawesmyeandiiue (OFG) inuINAgn uagungniuLuuleiiudung 80%

osnanuaunsalunisazateves ZnCly, WuTU uasazanatilegunniiifugedu

Nour T. Abdel-Ghani, Ghadir A. El-Chaghaby, Mohamed H. ElGammal W@
El-Shaimaa A. Rawash [42] $1u33ifldvin1sdaiasnzsi Activated carbon a7 olive cake
waste Tngrunszuruniseiveuluduiigumnll 400 ssrnwafea uaznszfudiie KOH
ﬁqquﬁ 600 uag 900 perwaldua et 1 way 3 $2lus Tudnadrunis impregnation
7 1:2 uae 1:4 9niuiidegreafilauninseiautadieimaila BET, FT-IR spectroscopy
waz SEM Iaevsiudn n1svnaesdansiest olive cake-based AC TngunszuIunIsAISUDY
lududl 400 ssrwadea wiwhmanseiuliRngwgulagld KoH Musnsedu igamgl

n13n3EAY 600 asrwalded Wuna 1 93lug Ineddnsndru KOH:char iu 2:1 vils
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. av v o a & a A & o
Activated carbon (AC) N1l# ugwgwmﬂluiﬂs wazluly WeduLaziUSIuRunInguLIN

‘ﬁ?jﬂ 672 m?/g

Yuchao Shao, Yuyang Long, Hengyi Wang, Dongyun Liu, Dongsheng Shen liag

Ting Chen [43] .1uidedlaf@nuinisdansizvilalasyiainvesdenisdizain

|
1 4 =l

(GW Green waste) fae3slalasimasianisusuluiadu lngnisnsziuieaaululasia
(MHTO) ttanisinluldsunissundsnuuaziangedu lnednuinaves ddslnlunis

nseRuR 800 watts ¥inslalasiveitaiigumail 130-190 esrmiwaidva 1Wuia 0.5-2 h

2
. o o

Tusmns1dau Di water : GW # 7:1, 8:1, 9:1 wag 10:1 @ua1au 2 niudIf8g199 AN

[

Ansevautadnewmaila FT-IR waz SEM Tasiinanisdidenall nnsdamsiesvilalasynannaeg

8

\Henadhznn (GW Green waste) saeislalasiasianisvouluwdu lnensnsequaiey
adulalasian (MHTC) nstiiwgamgiiuazinanlun1si MHTC vl Tassadaes cellulose
way hemicellulose Wan1saaTeMeanluusrnundolassase lienin Tuilan HHYV ﬁqq WAy
anasionanfivduginnia 1 Hlusilesnniian1ssausazes OM fu hydrochar way

) o v I A = oo
nsszvgaanvasasazmesngatgly GW ililassasadanudugnguiinniu Tneiidle

daa A d = =t A v '
laafignAogamnil 190 asrivalded Wuan 1 h Teeifidnsnaau L/S 1u 8/1

A. Jain uazAuy [44] 9ndei Wufnwnsduasievaunusiug (Activated

carbon) aMnnsgLaunIsialasvesda dudunssuaunisiildlunisusuussmuivesansds

@t (3

= Y oa ¢ i ) o = | o .
1nataaylandn fnendulalasusuaziinisduasisiioivasuluiluauiudug (Activated

2 !
S v o fa a

carbon) Tagazdnluussynaldilusasesivwazimgadu venanidwuiududfndalaain

o e (3

lelnsuidsgnioalilusudanadon ndrunazgnamnssullnseiinsnanduiudug
anlalasedlasuauauladuotrauiniiiesann nslindndusiai Oxyeenated
functional groups (OFGs) unnuazinisumdeudes Taslusuided aedunisdnu
nsrvaunslalasmesiauasansuaulueiuvesastima Tasasfnwnalnnisideuansia
snadulelnsvsuasnalnnsuanduisiudsiudsinunaesiulsaegifinelasained
WasulUresiunauazrdndaaiils lnelunsmaaesziastiunaviaseg Wy Wisndy
Tugulsn wdUuzsadonudesd Wudu vrhunssuviunislalnnmesiamiveuluiedy
Londnsnaiudulalasniuaznisi lalasmsanaistnadisqwanesnuiduaudusdiug
ez eginanadsuulameayilsddushomaia XRD waziinseinanunug

wyuielimnzadlunisuszendlfiluisesiunasfgadu
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H. Laksaci, A. Khelifi, B. Belhamdi kag M. Trari [45] -1u3dpdlavinnisAnuyinng
Ha1m3129 activated carbon aannInnuHmeISsueuluedu Tnenslaiua KOH uag CO,

Tunsnsedu Taefmundoulvanuidudu KOH : arsaesu W 1:1 wiw wdnhld - asueu

]
=

luwtufioumnil 800 ssawwadea Wuan 1 $alue neldusseania CO, antuing

q U

AinsziautRives ACs fruwmaiia BET, FTIR uag SEM udihmauuisuifisuiuiatnadilal
W1unsyuaunsnszaulag CO, Inpaguliin n15d9AT1eyt activated carbon lagldnns
ngdusy KOH war CO, Heulviikunisnsedusng CO, dmmlunmsifiuanundugngu
w4 activated carbon 1nnindeuluiiviinisnsedudie KOH aghafisrdesas 11.81 &9

nalein Co, amnsainyssavsnwlunisaadured activated carbon 1a

Balla Putrakumar, Nekkala Nagaraju, Vanama Pavan Kumar e Komandur V.R.

Chary [46] swAdeiilgvhnsAnwinavesnnududuvessissfiseinisiasunsaaiatn

TUunnuanialsuaalau lnavinnsdasigidnssd jizelavzreuvivssasuuiisessu

2giun fMeNTEUIUNT Wet impregnation Tagfnuaoulasoraznisdumisauisen

Taned 0, 2, 10, 15 uay 20% wazviliuragamgll 110 ssrueaidea Wunal 6 42l
o 3 o =l = o ar ' a 2/

wagyinisasuauludui 500 ssanaaded Wulan 5 93l A28g19NRIUNISIHILA IR

YinsaiasIzARasiag XRD, ASS, TRP, Ny sorption wagz SEM lagainnisnaaesannsnagy

aaa

i1 nmsdapsediiseufisenlans Cu uufIseIsu Y-ALO; Wisldlun1sisaufiseinis

v

ai aa 4 £ o oo ] aaa
wWasunsaagddnluiluunugnalsuanlau Aaaudadu Cu Swid% vilvlamissd §iten
= a = a oA I aaa et A
NHNTTNTELITURAT 51Nﬂﬂﬂi$ﬂﬂﬁﬂ7Wﬂ1?Liﬂﬂﬁﬂ‘ﬁ&ﬂ‘ﬂﬂ‘ﬂ i

Pravin P. Upare, Jong-Min Lee, Dong Won Hwang, Shiva B. Halligudi, Young Kyu

£
=

Hwang Wag Jong-San Chang [47] :1uidsdilavinasfnwinavesdssufjisenlavy 3 vila

= ot

1#un Ry, Ptuaz Pd ioufjisenlalasdiudulunisivdsunsniagdiinluidy

= 1/

wauuLalshanlau kagyiin1snaasuaasliisenniessuy Continuous down flow

aaa b2

fixed-bed reactor kazviIN1TILATILENWNLUBIATIUNTEIAIE XRD, TPR uag Online

& L2 1 s aa l=l ot 2 a
mass spectrometry lagannnisnaassaiunsaazuladn dussufisondansieiled

5

Auaunsalunsisauisernisiasunsaaddn (LA) TWluunuumalsuaalau (GVL)

Tnevilavesiassufiselave niuszaviamlunisissujisengsigaae Ru Sainsnszans

v
= =

fnfNgauUNURIYIATUBEaWEUY Pd Uag Pt



a6

X. Jin wazAne [47] Adeildnvmavesvinaisiaiuazdnsdiunlonsedqulums
WIsugufuTudandniiumie K,CO, waz KOH (@sazauidudu 40%) lnoudluaisazaie

Hunan 16 Falus anturinsadveuluwduigaumgil 500-900 ssruaadys uiian

i
&l

20-50 unfl duiusungnnszdumaaiigniundnsantisiemeda BET lodine number

]
%] =l

PnMsAnwmuIeuiuiudfignnsERuimeg K,CO, gaumnnil 800 smwwaldea Wuan 50
Y7 ﬁﬂ'ﬁs‘ﬁw%ﬂnw'l,ummm%’muﬁaé‘uuaLLaﬂaiaﬁumnﬂdﬂdwuﬁ’uﬁ’uﬁﬁaﬂna::ﬁuﬁ';EJ KOH
ﬁamavmaulmmmnmuaamﬂLmaamwnmmnmﬁ 600 ssrLalded CO azgnitdnaeaniy

shlvuiifouaz swsuiiny

2.14 WATALAZLIASIUDIN

2.14.1 Aneduguing1siignaes (Morphology) drendesganssaidiannsou

WUUda9n51M (Scanning Electron Microscope, SEM)

Scanning Electron Microscope (SEM) ilundosganssaudiannsounidideeislal

1 st ﬂl A =l o GJ v o i/
gahiuieses TEM (A3es SEM fifdsuensgegauszanad 10 wiluuins) msasianmvile

]
=

1AENNSP513TABLANASAUN ALY AUINNAURINLIVDIA 288 19NNINITE159 Fanmiileann
1309 SEM i azifunmdnwuzaes 3 IR dudweies SEM sgnihanlalunisAnendng

LATS1UaLL S AR IENBENURN VDL WU AnvaiuRIsuusnUe LilaldauazIwad

wiwavadans ez Tan 1w [49]
o o [ fa o |
2.14.1.1 wdnMeMUNapganssALBIanATaULUUHINT 1A

MANNISYNUR9LATEY SEM 28U52nausmeunadnuindidnnsoudainntinnam

&

Sidnnsauiiodoulsiuszuy IﬂanauaLanmauwlmnmmadmmm zgnisagaudlin

a

a

mﬂﬁum-jumaﬂm‘sauwmmaua‘nmm%’qa (Condenser lens) itovilwingudidnnsou

=]

nanelugdidnaseu Fanunsausulivuinvesdididnaseulunviodnlanudens win
v e ) o Yo a & = ] ar & o a2 o
faamsamiianueudnazUsuldadianaseulinunnidn nawntuaBianaseurgnUsy

sroglnalaniaudlnding (Objective lens) asluuuinTusuiidesn1sinel naeain

Sdidnmsaugnnsinasuutuuazyililindidnnsauyienil (Secondary electron) Juds

U

Fyguannddnasaunfaniil au Qﬂﬁ’uwﬂmvwaﬂlﬂm graunmediannsedng udagn

ﬂﬂ”LUa%"m‘fJuﬂﬂwuwaimﬁﬂusialﬂLLasmmmﬁ’uﬁﬂmwmﬂﬂﬁwdmﬁﬁuﬂlﬁma
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n¥asganssmididnaseunuudesnsiadsuiiiadudiannsouuniuas Ineduriin
Sidnnsaugnainesannisinenseuabifihgaununainiivany ilididnaseungneanain
agan MntudEnaseuiingaesnuergnAuasiimmanelFauLuivin Jsodandnn
mMadaueddnaseuluauuuiminviofiFoninaududmamilidBidnasouugugil
Audhunnssnuiuiuan esunsisevesdifnasausedumuransuuy Weann M
SiEnaseuiannsynuTuauindsnugs viliaidnaseuiivameanaintusuiansseiu

WU Lusledu

Uszinnueddianmsau

a

a a & = o &
1. 8lannyeuNAYQil (Secondary electron) LUUBLANATBUNNGABDNIINTU
LOUN15Y (Conduction band) ¥suounasamuiaiaud (Valance band) @slaidosldnasanu
guannsavgneenanITuTUlihe YsesaSenindiannseudass Gusiivimaseu 10 GN
a g ¢ a a & v a4 a & a & ° @
50 Bidnmseuliad dlannseuriaiazldlun1sai1anIMAUSIAUNURIVEITUIUAINSY

ndesgansIAUBIinAToULUUERINTIA (SEM)

a >3 ) - a a
2 Bi&nmsaunuunsiaenay (Back scattered electron) Wudidnnsouiiiinain

a

nsfiaBidnmsoudgugiiadeuiuiuay negydenasnulyiiuernenluiunuiies

2
=l = [

UMY Ua? HIANISNILIIINAUIDNUNAINTUNU %awé’ﬁmumm%lﬁﬂmawﬁﬂu%ummLm

(44

wdruvediinpseudsuniilusutondanudidnasouniond Amdue1eqiinsgids

2 2
o/ o/ @

ndunastuiulavinanznenvass I MiussAUszneulutuay duiudianaseuyilail

Fesanunsaldasenmiluansauunnitevessinle Insuansluguiuuresaudy uay

=l

auadsvesnniintulunsazusiim 1lun1siins1eini1snTz91a1ve9519 L

[

Ju

aepUsEnauluTuIY

3, $sdiend (X-ray) Hunduwimdnlnihiitinueadudu g fieen
nﬁ‘iﬁﬁﬁ,ﬁﬂmiauwé’wuqﬁqL%’Wu%wuam v‘iﬂﬁ%ﬁnmaﬂmzﬁu%uimamqs] (K, L, M, ..)
I#SundanuannweaurgnesnanNelaas uhdidnaseuandulaasdaluidanuni vinlie
nsUanUdestidiendoonin Ssannduvesdsdiendiivdeseanuiil anunantiluiiesies

[ i
= o/

wearUsznaurassIaldnludnunmuazUiina lasAmdsnuilsziuiuaresnouyes

= L3

519 Feagldvatadadiond (EDS) lumslinsizideyausznouiy nédesgansseidianaseu

LUUdansa (SEM) [50]
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-10A Auger electrons

- 50-500 A secondary electrons

continuum x-rays

/ f -secondary fuorescence
;,J"?w by continuum and
characteristic x-rays

sUl 2.14 Ussiavwesdianasey [51]

2.16.1.2 S2UUNITIATIEA

1. 580U High Vacuum Mode v¢lvauazidengs nndavensags awaudad
Tnushagenanusodinsieilasaainiigy lufaudu mndegrelidilwin agsasannse

1
= 9/

wasunesaansuauld laslivatednuuziafmegainain1simsginegay

1 W =l o 6 o o ° s '
2. 52UV Variable Pressure Mode a¢l#518a21880M91 AN89081861 laesiiaena

v 1=l dy 18/ -] =Y v [t = =l = s ] v < &
rodlifianuty onslispailwvhnled lidedinsiafouifedismenasmsensueu
2.14.1.3 99AUENDUNGRaNISAUDIANATIULUUABINTIA

d11U5YNDUVBINARITANISAUBIANATOURUUABINGIA UAAIAIFUN 2.15 LAz

s

- W a &
ﬁ’lu‘ﬂi“ﬂ’aﬂﬁ’mﬂ]@EJIUVI@E‘iﬁUﬂJWﬂWﬂI@]BMU?W’U@Qﬁ')UﬂiSﬂE}ULLW@%@UﬁiWBﬁEL@HG\ U

1. unasnuiladidnaseunuuiudianaseu (Electron gun) Ineniluldvnain
ﬁ’ﬂamu%lﬁﬂm‘iauﬁlﬂfj‘luné’awamiﬂﬂaLﬁﬂmiaumua‘a&ﬂimﬁaﬁLﬁﬂmauﬁnszﬁaﬂé’wLLas

q

@Lﬁﬂﬁ]‘i@‘u fea

2. 1audsiuudy (Condenser lens) viantafivasulvdidnmnouivuinuay

]
= s

AU NI UL ZENAUFD EJ’NLWQIﬁlﬁﬂTWWSUWLQUVIﬁﬂW NAIVEILABINIT NNTAATUIAVDY

S18innseuartefiuunnueItaene

3. YAaIndIMTuUNISEeINTIn (Scanning Coil) ¥whnsdulidiannsouadoun

TULUIUDULAZ LN UASUUSEUIUTYDIRIBEY
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|
o v ol [] =

4. \auding (Objective Lens) Wutaudvitminnlvdidnasouinniwuuau

q

o1fys ALY LarauNwwan auiTeuSuldsuniidaveneanuANtaTaInInwle
Tnensusuvsunaunszualiiluraainudwdniaii s linianisiwasuuwlasanuvuiwiy

YRALAULSILUWEN

v a o

5 §1n5225a8L18nmnseau (Detector) @A udua sanasoulimidu

oo

o

“’ﬁynpmlwﬁm’%aammmmwimaﬂ’mﬁuﬁfgﬁgmLLsiasﬁ;manmaﬁLﬁﬂmsauﬂiﬁﬂgtﬂumw

Lyt v

VUIBDNTN

scanning coils
objeetive lens

specimen stage
P

Uil 2.15 aeAUsEnoUYDINABIRaNTIALBIENATOULUUABINTIA [52]

2.14.1.6 MSMSUURIDENS

1A304 SEM anansaynsiasgimaanuietaldianuuresuds wuuns fdundou
f19819m19T10 W fedrmnsiaguazBiannselind Usunadieg1anseunseuieinng
a ¢ I v o =] v ) <] [ =l ' 1 &
Fms1edt mndunvues Ingnandaswingy winiuvauds AIsienIeuuted1etiey 2 Ju
iedasiuruRanaiansdiiegiadenie Taelivuialiiiu 3 gnuiaiaufiuns (Huun
\@nazfindn) ilseanmetsazaunsnanumdlanasouansMalaanan Yaeiunis charging
effects @rufpgnamadinmiduniussdusznou Wi eolbe Aoeviins dehydrate fae

ethanol 130 acetone Wfau uagdaivwIAlifiu 5 gnuiAndadiuns
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2.14.2 Anwanudundn (Crystallinity) Arewadanisid galuuvassaddnasd
(X-ray Diffraction, XRD)

2.14.2.1 #&NMIWATANITIEIULVDISEBNDLTE

s o e = &

NENATVNNUVDIATEIILATIZRNSRELLSIEend n1eluATeiAsIEyinag

a g 3

aw [ 3/ ] a v o ¢ al [~1 = 1 173
LAELUUTIALDNY USENaUumIeY ‘maammmmaawnfﬂmﬂwaamﬂmmzaqmalmaﬂ'ns

@
€ 9/ =

gania Jadedidndazgnadiadulaglinszualwiuniduainiiansus (Filament) fiag

v
] v Y 1Y)

melurasanidnsdisngylmduandeutunaznalminnisvantasedidnnsauaanain

o aaLyni

\duaan 5Lﬁﬂmi@UL‘lﬂ’ﬁ:’Wﬁ’i}xQﬂL‘j\‘lﬁlﬂﬂ’ﬂuﬁhﬁﬂﬂﬂﬂﬁ N1 WLﬂﬁ@Uﬁﬁ’]&lﬂ?’]NL%’]%ﬂ%?ﬂ

U

duaeitaniilduiaualnadhsuduelusddaemluianiaveneuns Bldnnseunvs

=

hruagyilididnnsewasiuan (K-shell) vasazmounasunimgn senlufuinludesineidy

Wunaldddnasaunsuaniiaudaun (L waz M-shell) lAANITUASUSEAUNSIIIUAIULNUT

U

Paeinatulasnsmesedlondeonuiannvasnfiiidessdondludiasaioge wasSdiandn

LREULRDNINENIHRE1398gNATINTUMEEUNTRIN TR UTadend (Detector)

wadaengsgRnuNsnTunSawatAn s AL UL E lanasilumaiiainii
Sediendunlfiiasisiansuszneviidlegluansimagisuavinunldfnneaideaiieaiu
TAS9E519HANTDIANTAIDENY INATANISIABIUUYDITIADNTLSEDIRENANNITUBINTT B

o = L8 L7 ' L) =l

< & o a o o al
$sdiendfinsuanuemeaulinsznuiunu MliAnnsidenuuvesfednyudegfulaod

ﬁﬁm@uﬁﬁu%’aya Wiasanasalunisibeivuresiidiendasiusgiivesaussnauuas

Tnssasesansiideglusegnetoyailldfuiiannsavuensiinvesansussneviifiogluans
fhethauasdayaiildamnnsiesmitagfemedanisideuresidienysdildvarvila
LA YUIANEN TEEEMNETENINNTEUU (d-spacing) apalaseaiiandn Usuiuamdundn
AuaNYsalrandn W15 meslasindn (Lattice parameter) N15dAISBevBINANLAL
mA3en (Strain) luilduunslasdoyafina1iinaiunsaiinsedldann fumiuazguing
P83#iA INAUNITNIIAIUIUTTHTUNTENINTEU (d-spacing) VBIHANAIUNYVDIUUTN

(Brage’s Law) [53,54]
2.14.2.2 nUDLUINA (Bragg’s Law)

o = 1Y) ) o a 19 df i @
Iﬂiﬂﬁ‘ﬁ’mNﬁﬂﬂigﬂ@Uﬂ?ﬂmU%i@'ﬁ%ﬁu’]UTa*ﬂag@]auwajﬂqiﬂagwau‘ﬂa‘u%ﬂﬂﬂigV\‘U‘l@

laggusnnszgnuwiniuguagyiou viadl

[

nAUTIgNazieuaentIINTLEUIUANY Aand19edl

F‘L’J'TilL‘ﬁiJQx‘] (ARANNITUNINADALUULATH) ﬁﬁiaLﬁ@ﬂ’ﬂNLLmﬂﬁ]‘NiL‘WﬂN‘w&JBLaU‘W’N (Path
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]
o=l L4

difference) wespduiignasiounnszutulaqivssunuiiegiadesiufiandudnnaumives

U

ANMUEMAFUNANNTENU ANUINANEUNTSN 2.6
2dhk15iﬂa =nb [2.5)

il o vnede  ANupTAduvesdidiand
N vnete awunsazvieu
i MUY TEUEHNTEMINTZUIU
B wuenY yumﬂnsswuLLaaumasﬁauLﬁai’ﬂmmLm
SsyuUTImEIRiansan

e

W8 diy Aosrer1eseniIngsEutulsLaniianildviiaiaas (Miller Indices) 904

szunU bkl Teefiwatianisidenuussdienday anfoanssdiond (X-ray Beam) NfliA1A118717

.
v =

adudu A mmmﬁaﬁ%ﬁﬂﬁwuﬁ’uﬁaLﬂﬁamﬁmnmgmmuﬁu anuduesddiidaLuy
penuntuazgniiutuiinluguvesilanduresmunisideauu (Diffracted Angle, 6) n
AULdLUDIE Q04 (Intensity) %'ﬁﬁhlgjLﬁuquéﬁmmaamﬂgmLuuL*‘fJu"Lﬂmu Bragg’s
Law

BRAGG'S LAW !

1
r Q:&, nA = 2dsin@ 7

UM 2.16 ASIAEILULYDIS AL NTLUNEN [55]

2.14.2.3 MIW38URIDEN

1. anssedeilunazfosduuineyniadszuna 40 luaseu wisunlniiniu
azduaunige IneUsunaiidesldlunismaasusenssussann 1-2 niu dinansiegeaslu

wauldmedraudilinszanaladnadndagsliuduielvilinniiSeuigs
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W ' a g o i e of W o o i
2. Fragremilureand e fduuisazdasiivuin 319 x 817 x wun iy

= = v v A i = = =3 s ] 2 7]
10x10x2 fiadwns warldiumhndeunanlunisieseilagldindladafniediaudniv

wauldsngng

2.14.2.4 nyUszyndldiaTedinsginiaideiuusdiond

1. Mmeeeilassadawanluansmegrwiisuiugmdeyauinsgy (Phase

o3 U

=

analysis) jUuuuNsEuusdiondueanaidundnasiidnuuzuaninafuiuiunisdaiGes
svasazaunielundn faiudsauisaldidusduanlainansiegiaiulsenauniungn

yialavaiazilassasraduwuule

2. N153A51EMRIRUTENaUATIA288719lULBIUT NN (Quantitative analysis)

E = d” w (3 [ | dl s =Y d‘ = =%
AULTLUDINANT TRV USIEDNY AL UUATNLUTEY audSunvoanandundnneluans
fete saiuSeausaldmanuduesinduiumuiinaeunassaussnousneg  Tu

arsaesle

3. PTIASIERAUIAUIREN (Crystallite size) WALAULATIATEAUANIA
(Microstrain) Auninsvasiianisidenuussdiondilunalionaniasodlslasanuwaeyn

MeAMYesansies s tun Awueseagania TaUNNIBIUDINANLAYIUIATDY FIBET

[
) s

FItuTsaUTaf I UM IARANLAEALATER FANIAINAILNTNYBIRANTSIALIUY

$sdangle

T )
A aa

2.14.3 nsiniuiiRn vunauasyiunsgwsulapistan (BET)

Qs ' o

& da o (v = wa o ] L7
Huiduwnzaesdan WuaudfineneaminsianudAgsenmsiilulddsznaunis

@

Qs s L

= 4 o & w = a = = | v = -
WANTUNDUNIER U‘IUW@JUWLUUNaWﬂN%@N‘] muﬂmmwm’mﬁmaamwﬁamwmmgm
° @ dfi‘ n:q ] o 14 = lad o I u'dy s = (24
ATUUANTITIAWUN ’gmmwxmlﬂwm&n% LLF]'J'G‘V]‘\'ISﬂﬁ??IUWULﬂUﬂWi?@U?M’]ﬂJ%@QLkﬂﬁ

2
s =) = o

Tulpslauiigngeduuuinvestaquariunmumdudiuiiidimnswas Usinnsgniuves

Y

s

740 [56]
ngufiugulasrannsivasiu

UEﬁ?%LgﬂJLMﬂﬁLLESLV}ﬁLa@‘g (Stephen Brunauer, Paul Hugh Emmett and Edward
Tellen) WAnwns gaduufalulasiawd suufimdhuasnielugniuvesias dwandunmy
1 wuiufalulasiouiigngedutivesll dunilsiindevuuiavesfanludnvusiduluana

A 2 & da o v ad  a i a a )
Fuderauduiuiinney antuuialulasiauivie unsnszaellinfeuuuiivesiagly
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anwariduliianavaletu dsanslunini 2 Fearnnan1sneridaunsn Weulans

] 0
&

o @ f \ = o o @ ) v o W € o =
AMNANNUTIZINUTUIUVBLNANYNAATU (W) NUANUAUTNNNG (P/Po) UBIVAAVLNUTU

5

@
=1

WWuannsy Senin “aunisves BET” 1édatl [57)

1 €~=1 P

wiCQ)-1]  WmC  WmC G,

(2.6)

]
o ol

W W wnede USunameadalulasiauignandunmnusuduivs P/Po

U |

o =d

W,  ueia ‘U%mmmamﬁa‘tu‘lmm%uﬁqnamwLﬂaawuﬁwaqaﬁ
Tudnuaeidulmanatuion

P v anusureaialulpsiauildluvagyinismeans (e
Hadlunsusan)

Po Weae AnueudLveduialulasiau (mhaduladwssusan)

PR
=l 1

d vaneds Arnenduegiundsunlglunisgadu

U

JUN 2.17 nsgeduufialulesiauuuivtiuazmelugniuvesiag (58]

(a} i ()

U 2.18 msgaduluanaveuialulasauvesiagdudug [59]
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nALduTuSaNnT BET Wendonnsnsewing L/WIPo/P) -1] fu P/Poazlénsav

WFunse aauanslunind 3 mnudu (slope, s) AIALNTT

c-1
§ = —— 2.7
Weo C
WALIARALNY v (y-intercept, i) AEUNS ;
= — (2.8)
Weo C '
BET plot for a low surface area alpha-alwrnina determined on the Gerdnt 2360
20
12) gy
16 J 255
R E R CRE BIEEE STRT T B BT R L R
14 | A
o~ QRS R O P SPAPAIS PR VR (A IR PR R
=2 1 (5
g:'i W O~ e -';’L"v..
2 03 =
= 06 P
04 7
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08 00507 004 006 00F 0.0 0.3 014 016 0.8 020 022
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0

JUR 2,19 nsnwAuduusseninsURinaewiangneadufuausiuduims [59]

Qs =

Usnawesuiialulasiauiigngeduuufiave siagludnuvusiiduluanatudes (Wm)

U

AMNLABLN s LAY | WaLAbUALANS

[

WuARTwIgvasian Arwalaedn W wnuatluauns

Wi NA
M
de S vwefls NuiRavestan (mielumsnwns)
N wnefis laralang1les (6.023 x 1023) (mheduluanase

Tua)
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Mo e dminluanaveufalulnsiau (28 niuselua)
o & d v ow & = @
A vnedia fiuimisinuesluanavesuialulasiauiigngadu

(16.2x102%) (Murendumisnaums)

8

A1 S, Aldiilomsieusuuaesietsiagfilinaaeu (w) slariuniiduniey

wunsdumsaunsansy

St
w

S = (2.11)

USinmsgngusan (V,) uasauiagnsuade () vesiagiuialaannaudiusyes

aumIai

W.

V= = (2.12)
1%
2V,

— p

" 315

oA (2.13)

]
= st

= = a o a @ =
e w,  veds Usinoeuidalulasiaungngaduuuiovasianh
AueUEURNS (P/Po) ~ 1

R wnefia AEnURLuYaialulasleuignaaduUuHves

s P @ as ag. .. o)
TAANAIUAUFNNNT (P/Po) ~ 1

o
“

= ] a' o/ nl 1%

St et Nuiiivesianiivaaauls
TunsnadeumsinsaiTsiuuanuiii T msuazUsunTgngu ldwaddmiu
1 as 1 (3 § =t nJ O 1 - dy aa
Tdfota (Sample cell) 411U 2 Wwad lwaduilaussianiiegraidaanmamaaeuiuiin

Fumzdwdnvadildiagiegnuaimindugaddwdineunmsnadeudeslin sy

s

wwadnusseianfedaiieldrnudunazluanavesarsgngadurindulieanainiomi

%
ot s | Y [

yastanfods nduhliwaaieaentugyainim ieliagluadliiluanaveuna

[’

yiinduneugumadis 2 adunwurivssglulasiaumaiieiwadvsaeseglunnizgumgl

[
s | 1

i1 nvuRtuLSalulasudunlueadns 2 lnswdalulaswuidiunluwaaniianmogng

q
] o

azgngaduvuiivesagibinnudunigluwadiuisyiagdedanasaunsyiansi (P)

i
1l o s 1

Tuvewadiliifandetanuiurewialulasiauazai (Po) Teyaiiaiesiufinuane

q

AAUFUENRNS (P/Po) wazUSunammesufalulasiauigngadu (W) laeianiedrsantu
\wsesvzvdesuialulasaudundnduiieaiuasausnuaziialulasiaugngaduauaiudu
f ol w )

Asndniluuilaunseiinusuneluwadnianfmetitlianas (P/Po = 1) wansitliiia

nsgaduuialulasiaudnudy andeyadirududuinsuasUsinavenfialulasiauiigng
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Fuileadasnnsussinanalae MlUsLATUANANN15Y09 BET waninaandwduanufiig
TUNILUALUTUINTVOIGWTU

=S 4

2.14.4 Anwmafeidu (Functional group) faemaiinyizes

U

NsIUnasY

Sunssaawnnsdlnt (Fourier Transform Infrared Spectroscopy, FTIR)

wldmannisnszarsuasesatunasunisuasadudwanininlutisvasdunsisanan
M1ni1sinAtANduuasUSsulfisuiualtue1inaunsotauanidu (Frequency -
DomainSpectrum) @sfaglspanunduannsy uadmiu FT-R agldnisinanuduiduues
fANgIAAUAI9 Ausgereallauisuliisuiungl (Time - Domain Spectrum) 31AWY
= v & @ %) ' a = - a &
%gﬂLﬁaaulmﬂuawﬂmmaqmmwmamamammmwawaaLamﬂau‘[mamimiai
[ 9 - = 8 -1 7 = (3 § aa -:‘l' 1 9
m’mwmumaﬂauwamaﬁﬂwlmaanmWLUuamﬂmmjLiasmmwa'smﬁmimzmaiwﬂﬁ
SiAsIELSIEIRNTU NS a U IR LA B aRR TRl Tagh LUS B uNS 1S ATIAI N7
o ' ' al o - o e & a | a
pAuegIEINg 0.78 Badlums fa 1,000 Jadlums wseil Wave Number 1 12,500 t@ufluns
v oala

f4 5 Wwuiwns aeTnsaUnesuressid@sunsusa eanidu 3 Predailaviounayyieun

JirsnzsivnsatdnlnsalnUazslving 419nsiwsgvntanieny As [60-62]

1. 93alnddunsisa (Near Infrared Region Wavenumber, NIR) 12,500-4,000

cm ! Wurhanazlvawnesuiilaann laeslnu (Overtone Band)

2. 929lndduNs L5 (Middle Infrared Region Wavenurber, MIR) 4,000-400

e WugnenesldlunmsiesigrmidesannidUselerdlaunlunsiasie

3. Far Infrared Region Wavenumber (FIR) 400 - 5 cm™! ainaiudilaazidunis
funaunuvedlassainluanaviosonin PeaneRuniniioresans (Fingerprint Region) fadl
UselovilunisiSeuiievans wedann agiunihievesansiferiuaglvadnniy f

=1 s
wilauny
2.14.4.1 93AUsENAULAS DY

1. wasinilaawes olduaaawnsiunisususyesuaa Mobile Mirror

v oaa

2. AszanAaeud (Mobile Mirror) lWUNTEANRAUNTDAEYIBUSIATUNT LA

< o av v
LLagaqﬂquﬂwfﬂgLﬂaQUWlﬂ

3. nszanagiuil (Fixed Mirror) WunTgaInLAiamnsaasvioussddunsiisa

WulReIfunszanAaoun (Mobile Mirror) waliiaunsanazindouile
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LY [ N [l o ] = o 5 17
4. fuenauas (Beam Splitter) Wudiunagyhnmsusndunsusafinudmun i

Wuaasdufoausaliwamegriuld 50% wazazasvioundu 50%

5. Tululasiuimes (Monochromator) tHunszananfaiuisaasviausea

Sunssaltlunisiiduiienianisiiuea s @ unssa i lunuRenaNfoInIs

6. 99929813 (Sample Compartment) 1Hud1uiaz1dlun15ussa Sample

W lUiaNIsI Sz

7. wn3eiauasdunsnisn (IR Detector) ldinarnuiduuasiivioannnisganau

YDIAIDENS

@ ez
et m
lit
Movable mirror ;I‘m” &
D

((‘%‘—-‘q b Sample chamber

Datector

Interferometer

JUT 2.20 aeAUsznauraLATasiseinTune sudunsusaanlngadlnt [63]

2.14.4.2 Kann15¥INaTu

v aa

1. WAaIn WaASIAB LN 1S AAZVINISHARSIFDUNTUTALUIIIAIUY1IAAUNIT D

@uraunarlalun1sIAs eV

2. Beam Splitter %4 Beam Splitter %Uﬁaﬂﬁmqﬁhuiﬂﬁ Fixed Mirror 50%

wazazviounauN17 Mobile Mirror 50%
3. Fixed Mirror azazyiounduui Beam Splitter
4. Mobile Mirror 2z@EiuN&UNTM Beam Splitter

5. DUNSUIANAZNDUNIAIN V14 Mobile Mirror Wag Fixed Mirror 2g311574AY
LazAANITWMINaRANUALLATINNISH Mobile Mirror @1u7saAGauNlalagnITAIUANTE LY

- = & al . < P aa ° w o @ v al
N1ILAADUN IWEJLaL’d@ﬁLﬁJ@ Mobile Mirror Lﬂaau%ﬂ%%ﬂmsijmﬂﬂ’l‘sm‘wauﬂaU‘Ua\‘ﬁ&a
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SuNsLIAUE9 Mobile Mirror waz Fixed Mirror luvinfud sfvgdanalnsaddunsusanlas

| A s - _y 1
A1 AaUUAs Ul U ULARAINNISUNSNADALUULASUAY US0%Wna19nY L5810

Interferogram

6. BUNIUIANANNLIIAAUATNY FgdaryIoulUn Sample Compartment w1
Sample Fvasfinisgandudursian elivsdnluunsmnuenaiu daudunsisailign
gandufazeiiudng Detector dygyraumlanauiamasagyinnisulasdyaal Interferogram
o . i 9 & @ = a =
seaun1s Fourier Transform wailéaziduaunmiy nsganduuasBunsusnvesasi A

g1IAAUANY
2.14.4.3 YaRuaanAia

1. nansiinsneiiisiasuasiianulogs

= o

2. ignsnd1uvesdyyIuaadyyIusunIu (Signal-to-noise ratio: s/n) A"

#1391 s/n WHUSHUNUSINYADITDIUTIN AT Y ITINTIVIRLAVIavian

'
=y

7 9 a & v a i o
3 ﬂ')']ﬁ,JI’J"UENLﬂ‘i@\‘]@li?ﬂ?ﬂaﬂmﬁimwnﬂuiﬂﬁ’dEJﬂ"I‘iL‘WZJ s/N SINAVNITIN

Fruruseuresauny inasld drcular optical aperture WU entrance slit vinlwa594

HUUIRIINNILUU Dispersive 4 75-100 17

o

4. Yriaauasga wzEnsuMmeatarsamalauawalalivednnuaanias

bLEla

5. usna1nd FTIR Saliusgansamlunisuongesaunsianugneeslinini

0.01 cm! finalnyinauingne
2.14.4.4 Ya3NnUBwNALA

Tunswssusiegauisnatiansesldarsazateniusoulvsd@vzgriunariiagng

yzfpInszAulurIBunsusn uasinsasdlienldilsmAeudnegauasiialdinglunisiig

NN

2.14.5 fingUSunnuuiiaeanasvosnsaladiunavun (Fatty acids methylester)
freipsaanialasunnsnsi-iavlessludfnames (Gas Chromatograph-Flame

lonization Detector, GC-FID)

wwiasiasgvansiainldmataluniswenansnauiseineladny Adusaaunds
& = ey o o . o '
Yaana) wazinv taedifdeadusing (Carrer gas) Aid1LNTOLUNLILAITHANNINATT

nilaydace column Tilaungeansusznoulaeas sy Tuanmsiimiizad wazmnsiain
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A15M78874 MY detector mmmauﬁ’%mwwmqmﬁ NIDUVIAI LI I TAaZUS U D
an3mpgulaisuAUaIsNINSgIU (Standard samples) lnagnlusimeszuunauimnes
[64,65]

Sample Detection by
Flame lonization

JonFlon
NN
¥

Hydrogen Detector
Fiame

Eépiilary Column

JUN 2.21 dudsznauniosufalpsuiinina-iaulessludimamas [66]

2.14.5.1 waaauialasuilngns il

w3aduRalasinnsnsadl (Gas Chromatograph) wdnn1svauluduveuaisuia
Tasunlnsnsfendenatianisuensnuszneurosasnan lage1fyANuuAnA19YeI8msn
MsiARoUTIvEIUFaY IR USENIUTDIANTNEIU LW AR (Stationary phase) n1glan1sW1ves
wlaadauil (Mobile phase) dmsuiAas GC wlansii A awﬁag’maﬁluﬂaé’uﬁ du Ll
\AEouT Fe wiadidex La‘jaﬁﬁﬁéfaﬁﬂ’]ﬁLﬂ'ﬁ'}sﬁtJWL%"\gﬁjLﬂ%@ GC ansfiananazgnitasy
anuranveamal (Liquid) 1uuia (Gas) uazdauufiavesansuaunzgnwidigraduilag
uRadidoy Santgluneduaziinnisuenansuay (Separation) lagaidenisvinfAzen
(Interaction) szmiteansiioganelunedul (Stationary phase) uazansway nuuluiana
vosansidufnzgnniigimanlessludfimames (Flame lonization Detector) Lilafintn

USunauuviaeamasveansalodunaunvaaingululediwa [65]

Carmer injector Detector

g‘dﬁ 2.22 dudsznausosnialasualnns il [67]
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p9aRUsENRUYB LA DL AlATUN NSNS
1. whaw (Carrier gas)

ansivimihindunfaniayfosfinuantiiduuiadostazlidedsonsiujisen
(chemically inert) Tagvialunflonld Ao lulnsiau (N2) 8lduu (He) @15nau (An) uag

=

a1suoulaeonlad (CO2) ufanldiluufiantvzdoslidedlidanisvinfisen

2/
= 1 as

(Chemicallyinert) Fsnsidentduiandnasiuegfuainueaimsinianldsyuuvasuian

o
o w o

o o o @ Qs - a ] v o g ot
TnazUsznounigdldnduluiana (Molecular sieve) ieyvitninmidumiiidniiuasy
ansUuaudu laensusudnsniivesuian inlaeusumnuauvesuiadniugu e
m‘UﬂmL‘Nﬁuau (Pressure regulator)inlet pressure: 10-50 psi (UsguumIINgiuieg) way
Fn5151me9uia (Volumetric flow) dwsuunanaaul 25-150 mL/min wazd1msuataans
Y 4 2 a o o @ = o =4 o a i &
ARauY 1-25 mL/min Bavinn1siasuaILsIns 0 0ns 15IV0IN AN I IUADANUNANTZNU
1 a a Qt F 7] [ = ] 1 e d o [ @ =
aausyansninmeaudlunisltutaniurazstnasldwindu Tnenuialulasuduniani?
v o ) a a v F a 1o Py & ° & ¥
Tofein H agn (Louseavsnmmedutunniign) usvi e uswesuiansing anvieneves
' < o o o % a o aa alal v
Armansufaminlvldusedns nmlunisueninuau uazlalasiaunaraldoulven Hopy

fienasivoauiangs yilinasuenanslams ity
2. drudraIfinege (Sample injection port)

Hudililunisinansimaediad reduillaemlvdiuidaansinedradludos
1 (Inlet) sThezdifalsdanudou (Heater) finssagdnoieviliasiodnaodule  ns
Bonldauinedld intet wuulmfuduiuegfuansiaogns mnansiedraduufainesdn
shatadluie gas sampling valve vnaisfmeghaduveavailagnnazld microsyringe
Qﬂmﬁﬁaa&hﬁuuwmuﬂ%mmﬁﬁmmmé’ﬁmmu silicone septum 71 injectionport TU&s

Uanuvoenoal

3. Apawil (Column)

Wudrunlduenansiingiy aeduunlgnu v7luly GC Yuiiey 2 Uszian Ao

U

1%
= '

packedcolumn uag capillary column nisidenldmeduiusazylintuegiunmuandives

U

answanldanunsnszyliednsdauniseendu 2 wuu fe uwnareduluazaUaainedu

- wnArduY (Pack columns) SUszneume uiadey Yansesiureds ndaume
#e liquid stationary phase Tagluilmue nvesneduiagiuszuin 1.5-10 Was uagdl

urugudnansnieluegi 2-4 datiums
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- aUaan3nedui (Capillary columns) Sivduriugudnatantgludssuin 10

aalUnT

4. gmnivesaodind (Column temperature)

= % 3

dmiunisvihanufududrgungivesredulazdosgnaiuaulegdis £10 aeen

U

[ L
=

wadvavesguvnlild lnsgumapifiunzanfignszdueyivyafonvasarsiiadia las
whesignmgiiganinAedsvesyaiiienvesansiogiaiivadnios fim elution time ogfl
2- 30 wiluargumniidnaniinglirimwasiesiiaudifien elution time dansdioeedl
Fraveagatianning azdesldlusunsumuruagumgidiundielunsaivguuazivue

QRIVEY
2.13.5.2 Wauleasluddnawmas (Flame lonization Detector)

wanlessludimames (FID) Usznaushedasnsiuufadinnainaedutives GC tng
uRafteonunanaedives 6C (aevhiluasldlulnnauunionive) sedouitiwadl
fiannnmsunlvdisznindlelasisuuazerma nsiildlelasoubuidomdadsminnisun
usilalnsiaulaiviiinduauyaiivsyy Fliliidygnsunuiumds Tnawalriiiaen
nsaninfazegszminsaunilviih deflensdunidlnadumld msduvidoezandalviin
Huauyaiiusey Uszailiniuszgnaunliiiinfiadim collector vlwimudnanlvih
FID axfimnriaslgerearsdunis wishiuediaunsansivinnisiieguesuiailigniely
(194 N2 CO2H20 NOx@n5Us¥neu oreanic halide #eq “a) wianianAnlnlauslavinlviin
Hulesou (9 €O uag NHs) 1 gaiiviTl FID Henwsnzauinndwmiunisdanldlunis
Ansesiansaunizd ilv FID dusesedaifudidensusnilefesinnisiiasieiineds

A8y wananil FID Swvieusmereduiifudlaleglifesdd reference column
YURDUNTITNNIU

1. fausunisyeutiu eSumenisiagnmesiiainusaunniwaulosaludg
o & = a a = P %) v a ' 4
Aamosauilgamaiiiiu 100 asrmieaidyd Wasnndesdululmannisarvwduvasleay

71 collector WwszazynlAiAndygiusuniula

2. ileguugiiveaiansatagaiu 100 serwaldea vinisyalnuianay
sgninalelasiauivennia (Insunfgungivesdinsaindnsaslvlianiiguwgiinig
Fauweredutl) waransnsnisivavesufanmeiinariuneduioenuiellvyadald

418
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3. mmaaUuﬂaaleﬂlwﬁﬁ'wﬂﬁ'l%’ﬂixmﬂﬁaﬁuﬁ’ﬂamﬁm’nﬁamﬁmﬂa'ﬂw

v ol ',;' ] [ %,’ d’l‘ a 1 u’:: | ) o '3
dnillevmruuiuduremihuuiudvatulanainnisge v laauysal

4. Ysudmsnisivavesufanie (lulesiwuildluufanme lelasiauinlddu
Wownds wazannailiiduansesndled) Widulusuaidvus dalaevialudnazilunisan
Sosnsluavedlalasiau wazfiugnsnisluavasainiAaintdudamsiageudnasainuaila

famgninaglilanuly

Romovaable colipoier

Collector assembly |
nuf wilh insulators

HQ» i flame

inside oven wall
P e
©) CHP 90

Exit from column

gﬂﬁ 2.23 d@rulsznaumauleaaludfimawmas [68]

U £, 000
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o & = g at
13199 2.4 LLﬂﬂx‘iE]x‘]ﬂ‘lJiZﬂE)‘U‘UENLu‘ﬂaL@ﬁLﬁﬂiﬂiﬂ‘l’UNu

No. of carbon Common name No. of carbon Common name
atom atom
C8:0 Caprylic acid C18:1cis Oleic acid
C10:0 Capric acid C18:2 Linoleic acid
C12:0 Lauric acid C20:0 Arachidic acid
C14:0 Myristic acid (185 Linolenic acid
C16:0 Palmitic acid C22:0 Behenic acid
Cl6:1 Palmitoleic acid § 7741 Erucic acid
C18:0 Stearic acid C24:0 Lignoceric acid

2.14.6 ﬁﬂmqmauﬂ'ﬁmmLﬁﬁﬂ‘iﬁiaﬂ'mﬁman%m%’waqﬁﬁu‘lﬂaﬁwa

(Oxidation stability) 928 Rancimat

Rancimat LWuirdasiialunisinAemnuiaiissaemsiineondnduvailuledialsine
wazidetiold Tusswinmansarineinanzgnassudgiogainiululofwalufiaoanes
AusselunmuzUnainuazuve iliiauiiteeendinduredananavesninieamesiag
%Lﬁmma%aaﬂlﬁnﬁgﬂum5mﬁwﬁmﬂmﬂﬂﬁﬁ%maaﬂ%m% wdsannatulunsawviale
anosaziiuaneiuaziiananasiinnufizemaegd 1iun nsaedunidluanas wu
nsnezdin uaznsanesiin venniuasUszneuBunidsemeinani asgndndssiuluds
faindudaimstarnisihlnihedeiiles nnduridanunsansianulfannisfiudu
ozl nariiiulUsunsyindadusiugisenseaani Usingiudendan

wileniviievnnanunieniuazivundnuauzaunmueiegn lasedisnimlunisiie

'
=

pandinduveinsalydumiaeameiavdiunauresiiufwaidusuusiasgunddgy

11

=l

ﬁ’wumamﬂww%’um"waﬂu‘[.aamaﬁ'g’maimli1aluﬁawmmﬁm%’uL@uﬁwﬁm%amﬁaimuﬁma
whanudeu munesguaisnmniseandinduvedlulefwanuuinsgiu EN 14112

158 EN 15751 [69]
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« EN 14112 syiudvedlediunasiniuuiiaeanesledu (FAME) n13n1amiay

@NSUBINNSNADINTLATU

« EN 15751 1@0lWa981u8ud nsnlasiuiufiaeawas (FAME) wagnaunuuislu@iaa

NNSMMUARMULEDESYBIRRNTATUMETIeUf e endndu

wannsNIsnageumAtaiesnInresinUjisueendindulaeinses Rancimat

= ' = sal o =

MIRsEIY EN15751 fe mstiennidlvariululefiwavsawdiaeameindnnislransi
(10 Ans/4l09) Naaumgianie (111.6 samwaided) lusenineiilulediwainuiizen

2

pondwduazddoslovasansiiiindu Indsnnis snmaderidlevesarsuazeiniaaglnaniou
Wmaildihdaduiliussauiedindu waedidadidninsndmiuTadinsiil v
(Conductivity) uazazideusieagiuaunsainisin waztuiinua ueSesassutufingle
msthiviEudutu maftuedusinduietu esrnassetignasndladauiianis
ameiadulovasnsauazgnaaduluils 358 HuasHlIfudaundvans Fanumasgu

999 nsugInanany Usiululefwamsissuzinanativsnwiensiinufisereondindu

(Induction Period: 1P) 11nndn 10 4las

2.14.7 Anwanautinisiiuniunisivanaamginivssunsivluleniwa (Cold

flow property)

[

wa = P 1 a a a )
auURnusununiIsiva vineds eungiinweindnianiseasuluinieseud
{ =Y d’ o DI iﬁl s HI md o o =)
LﬁmmﬂwqmﬂﬁumﬂwawqmwgmwaﬁmmwLﬂuauumwm guastulofiwa wafnssun1s

IvadeureahiululefwalemlvasgnissiiulaelyAiam Pour point (PP) uazyavsen

'

=

Cloud point (CP) Tneqamn (PP) munedls gaumaiifiosigafianunsailutdiuiemaslduay

gauwan (CP)

2.14.6.1 3aw (Pour point, PP)

ada =

o sneie gumnififinsazauvessinuagnsazavasaaiintulugewdeinli
diulradeuldanas dwiunsnAigam asfeansadevgumgiineuiiveaudeazgadiud
nsaetnTudawas ganvadlulofiwagunsninldnuuinsgiu ASTM D5949, D5950,05985,
D5985, D6749, D6892 uaz D97 ASTM wmsgIu D5949-02 (uisnadeuninsgrudmsu
nsingamveskansusitlnadon Wuisd aaugvasouiiniseuauaudounazgomgiily
m‘sﬁﬁmﬁmﬁwaqﬁ’msmﬁﬁfmimaausm%aL%uwja%ﬁm%’umsﬂ'uﬁﬂqmmﬁLtasmaa]%"u
nawndoulmvesiegimaaoy gunsel Peltier miidl Aruaudasnisviauounse

SEUEANNSDUNE AU UNERSIAIN 1.5 + 0.1 °Cmin! lduwasnsradunaiiadang
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nsieasuluvesdegnainiiy Tdwasnuidauaaialiuasainansmagne Tudunauilludnsd

. a i I a = = w i = = =
0.1 °Cmin gaumgiavanasaunitasliifinnisinfounvesiegslulofiwanineds gungil

aigailudnisiedoulmvesdiuemduansisgam
2.14.6.2 9aviuan (Cloud point, CP)

ANNBN MED qquﬁmadﬁ’lﬁuﬁLﬁﬂwﬁﬂlmﬂﬂﬂgﬁaﬂ%LLiﬂLﬁ@L%@LwﬁqQﬂﬁzUﬁa
aufeu iosandisitudasavildhiudanuuuduandudnsoshiudemduas
vhanveaniesuiazgaiu ganmendingeniigam Taegamuenvedluledwaanunsaald
ANNMIZIU ASTM D5771, D5772, D5773 wag D2500 Tag ASTM D5771 dudsnisvnaau

wwsgudmiunsinagavuentewandueitinsden Faldisnnsiadumeuna Tu

[

Junouilgmgiiazialalugae 40 fe 49 asmnwalea lnsinisfivungum)il 0.1 8N
waldva gamgivegadnadeudassauisomunuldegiiaiiiasnagunsal CP finruaAy
laglulaslusiwalgaingruvesnivue anueangnimualaglymiauasisiuniuag

fnsIduLamnmMuesituvedreuniLes lutuneuligumvgilizanatederailiosruniiay

]
a o =l

gndunaiundnlylumuavesriaussyiediademnwas gungiazgniuinfidlndiAe iy

v

99U 1 ssruealded Wedanaiungumuen

3
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A5N15ALHUIUAVY

[ s

mATeilunsfnusnsessudiseudiseuulilusvadauagluiiadn v
seafuiiiisngussivunlunaznsiadeuanssnurvasiissufiielunisd sy
Tulefiwa TnevinsAnudadeluduresiinesiissufizotlaveuuulaluwiadauay
luiedaiidansedasuuisessuasuey ntuidisafiseriviinisdansiedly

vagouUsravsnmlunsissinsemsidalalasTiududmsuduanaiiululefiva

3.1 nMsAnwauURvaIRsURsEUNATTaIsUATUBNAINTUgUNE

aaa @ s L3

nsAnwIaNTRvesRs R ATIuuTsessua Fusulaedss U fRTenndaaTie

'3 s

laannszuaunislalasmesianisvouluetulunsiainitginuanvuzuasnadou
UseAnSnmueaiiisaui)iaen il

1. N153LAIIEVAIBNAD99aMIsALEENATONLUUABINIIA (Scanning Electron
Microscope, SEM) iteAnmndnugiuinea (Morphology) wesfissufjiselanzuuinsessu
ASUBN

2. N133AsIEREIEMATANISIABaUuTDISeEIEnd (X-Ray Diffraction, XRD)
Wednwmandundn (Crystallinity) s9AUsznaUsIARazaITUszneaufiegludnisw fAzen
Tanguusisessumsvau

3. saesiginsmaiayisesnsuanesudursusaaidninsalnd (Fourier
Transform Infrared Spectroscopy, FTIR) iitaAnwingitafdu (Functional eroup) VU LA

YDIRIDLN

¥
A ala

4. FAsEiFewAlla Brunauer-Emmett-Teller (BET) ilo@nwiluiif (Surface
area) wazaudugngu (Porosity) vosfassufiFelansuuiiufinvesiegs

waInIeTsianURveImsIUisememalading 1 ntutdassufisei
Fuaszilalunaasudssdnsanlasirluiseujiseansidealalnsdiudu (Partial-
hydrogenation) dmiunszuauniswanisululefisa ntuhisululefeaindnldly

ATIVIATIEVIANANATIET B SR aNSRAUN TS Y0 aNT LAYy



3.2 13945t T lun1538

3.2.1 gunsnl

1. faufnsatdmiunszuiunislalasmesiia (Autoclave)
2. myugymasudwiuussgludnfnsallalasinediia (Teflon)
3. maugldasdmiuuiiseasueauetu (Boat)

4. ILNIANT U UKWDY (Horizontal Tube Furnace)
5. Viouanulaad s uMIas (Stainless tube)

6. éjan (Oven)

7. llastius (Micropipette)

8. \A3DItaEsILUUATIREA (Digital balance)

9. \3oatiu (Blender)

10. 1 09UA (Grinder)

11. nszawanda (Litmus)

12. nsgmwnsed (Filter paper)

13. uviaAa (Stirring Rod)

14, Inina3 (Beaker)

15. nsguana (Cylinder)

16. Taumnans (Spatular)

17. vaaagaa1s (Chemical Suction Tube)

18. 1A509UgNspuuuNIs (Parr reactor)

3.2.2 Taquazansiadl

1. lugun® (Cattail leaves)

2. husrmanlessu (Deionized water)

3. nsnlalasmaasn (Hydrochloric acid, HCL)

4. nuvadesulnaanlan (Potassium hydroxide, KOH)
5. maUllosluwnsn (Copper nitrate)

6. iniialumsn (Nickel nitrate)

7. Tauoantumsyn (Cobalt nitrate)

67
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8. lasauluwmsy (ron nitrate)
9. lanlutsy (Lead nitrate)
10. Auluwsy (Tin nitrate)

11, waanilaluwsn (Manganese nitrate)

3.2.3 1A3943I03LA51EH

1. ndosgansiAudianmnsauluudeining (Scanning Electron Microscope,
SEM)

. Lﬂ%@x‘ﬁLF’]T]Sﬁﬂ’]’iLgﬁJ’}LUU"Ua\ﬁdﬁLgﬂﬁg (X-Ray Diffraction, XRD)

8. Lﬂ%i‘adwvﬁﬂ%m’lua“ﬂa%uauwﬂLiﬂal,ﬂnimﬁma‘i( (Fourier Transform Infrared
Spectroscopy, FTIR)

4. \3nsnTniavinansgaduasduinelulnsiau (Nitogen sorption)

5. wialasualnns i-wanlesslulduimanes (Gas Chromatography with
Flame lonize Detector, GC-FID)

6. LlA3napAaUIEREsANABNSIAReaNTIATY (Biodiesel Rancimat)

7. \ASavndeUAINAINN NS rananmnian (Cloud point analyzer)
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Jume

]
=

ilugunBlusuliuiaielaaiuiigamgil 90°C Wnm 24 Hlus

Wlugum® 30 ndu + ihusAnuseq 60 fadans Mnduldasludeunsal

nszuaumslelasivesianianmgil 200°C WWuwan 12 $alus

ilugugslueuliuiaielanuruiigamgi 90°C Wuiian 24 Falus

v/ 1 4 =

nszRuMBLUE KOH Aadiutu 4 M figaimgil 900°C Wuiian 2 4alug

Woshsaiseuuuliluiadauas luvisdaveadlavy Fe, Ni, Co, Cu, Pb, Sn uag Mn

AIUUAITOISU

¢

auliuiaialdauaungamgll 90°C Wunan 12 Falug

msvenluwtungamgi 500°C utia 3 dalus

|

N AN = ANwANURAN ANSANWINUR
ANSANEANURAINUEDES '

ADNISNADDNBLATY = ey €

nsAnNwINYHeNYY
AsANWENURAIINATUNIUY . ASANE LS LIV
, , NAEBUNITLIIUGATEN -

nslvangemgin 5

NI13ANWIATIMNUUNEN

N5ANH1IAUIENBUYRINANA LN LABWALA GC-FID

fg‘dﬁ 3.1 LAUNNLAAITURDUNISIEY
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3.3 nMasedluguns

1. dasiugugnlasusnionanzdnnduludieilyly

=

2. fimtugUgdlndivunaUssana 1 97 uanhlvsuliuaielannuiungungd
90 aernadive (Durim 24 dalus
3. ihieglugugsevauwiain unlumersestuauladuly

o w a y ° w = v oo <
4, u’?Lﬁu‘LEJWN']Uﬂ'ﬁﬂU ijqﬂquﬂﬂjﬂLﬂﬁaﬁ‘UF’]"\lﬂl@]aﬂ‘lﬂmﬁiLUUNQLLaSﬂWﬂIU

UNEIU

5. thfhegsiildainnisualuseurrunsunsaiteusndogralugugefidung
wastdulemananiu

6. tsogreidunslevlaauiud ungll 90 semuwadeaiiungn 12
dlaa

3.4 NMIAATIZUATIUYRTE

1. Farhwdnadlugugsnsiuniseuldmumudiuau 30 niu adlulnines
2. dwsluguigalisnegnaauiudiuseanyssauinnns 60 dadans

3. vssgdunanlugugEnRaiuTmanyseqldasiuntvuzimnasunaszlda

L%

Tutaufnsailalasmesia udnindrlvhdouiovinnislalasmesiiangumgil 200 a9

9 Y

waldsalual 12 93lus deasuaifidmumirasinseieenaingeuuaziinnisseuny

W

¥y 4 qu ana da & &
ﬂ’)'lll‘iauLW@I‘VTUQH?E}’]WLHWUUEUQWVW‘W

s s

4. vasanmavilelasivesia disiegsesnuwaztiimiaulanuyugumagi 90

o Q J) #~ps
LY oF e SO

= [ ) o =] 1 a
parngae AU 24 °U’QI§N VINUUUIUN ﬂW’JE)EJ‘NLLaSLﬂUELﬁﬂWJuéﬁU@

'
=l )

5. dnagslugungnriunseuaumsialasesfauntunluaisazay ua

KOH fiemududu 4 M 1duan 3 4alus 2antuviinisnsesuazoulyiumy
6. dhmeeslugugsnunistuniuluansazatsiva KOH wWhgwisnuuiueu
(Horizontal Tube Furnace) ievinismsveuluiduiigamgll 900 ssmwadeadunan 2
Palus aglaannizusseinialulasiau (N, Atmosphere) lnglddnsinisiingamgd 10
= i ) . @ & [ = 1 =
peANgagEano Ul (°C/min) wagaduiIn1sinaveuia 100 gnuiAiwufiunsAaund

(100 cc/min)
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[} 3

7. ¥nsUSU pH vessessumsuauiitnunisatsveulueduliiaseanm 7
muansazananIalelasnaainAINTy 0.1 M

8. n3uuasazarelanzlue lasdalanedlivinsdunsefus fidon
Sm31dau 0.5 wi% vosindaujasenlanssadisesiuariusufiiiunisnsedudae
Tnuvadelansonlan lagldmsossu 15 nfu naulavgluimsnivthusiaainyssquinnns
50 faddns wagyhmstumusewiisivnmumsuuesasnumsazanoduie 15 uni
wielvazaneidiniu
9. drdrsasiuarsueuiiiunisiuniufudnssl jisealansuisiinis

Bumsniutumein3es Rotary Evaporator lagldpanusu 600 bar Mgaumgil 60 sarmaaLges

Wunan 1 49lug

!
o aa a0 <

10. Wit fisenfidhunisifeoasuuinsesiuaisueu Wageuiierinisla

=

& oy v oa A a
ﬂ’J’]lJ‘lmlmmdﬁu%VlQﬂmmJ 90 DIALTALTYE

U

11. 15U n 38 MHIUN530aIUUAI TR UAISUDU LUNGA NN IMLIUDY

|
=l -

(Horizontal Tube Furnace) ilevhnsasuouluwdufigumgil 500 ssrmwadsalunan 3
#lus meldanmezussenialulanay (N, Atmosphere) Tnglignsnsifisgamgil 5 eee
wadearouni (°C/min) wazAr1uisInsivaveduia 100 gnulAguRLunIAaui (100
cc/min)

o w ' aaa o v o & 5 o =] =
12, 'L!'WY]Liﬁﬂ{]ﬂi&lﬂ“ﬂﬁﬁLﬂ‘i’l%‘iﬂﬂh’l?’l’]ﬂ’ii‘U\‘lU’]ﬁuﬂtLﬁELﬂU‘LUS’l‘ngﬂﬂ

3.5 MIATIVIALALAATITVIAMENTRA9Y

dssaiisemriunisdunsiziasuumassiuanluglg® luvimsieseiie

nIIvaRUAnENTRngY il

3.5.1 dauguinen (Morphology) fiendasganssaudianasauluudainsin
(Scanning Electron Microscope, SEM)

nsANwdgIUINET (Morphology) lnendasganssaudianaseuuuudesniig
(Scanning Electron Microscope, SEM) (8%81A589 Zeiss EVO MA10) 984/ 2154UfA581%
s [ s [ &/ =4 F Vaal 5 1 ] s A 2/
Fuaseils Inefagrsazdesgnindeuienealaeldis Sputtering nouviinsiauiels
fhegeiiiuin A iy lrlan wiaudeuingstu Inelunisfnwiagldanusredneglunis

159818nM50U 10 kV LaziIdaveny 500x
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3.5.2 AnwAnandundn (Crystallinity) reipSasiinnzinmsiaeauuvesssd
\dnd (X-ray Diffraction, XRD)

nsAnwianudundn (Crystallinity) FuladeiiAsizinisdsnuuressidiing
(X-ray Diffraction, XRD) (B%o1A309 SmartLab) Lﬁ@m’mﬁa‘uaqﬁﬂ‘aanausmuasaﬁﬂssnau
feglusisefiselansuushsessumsveudnzinannlugdn® wagshmslinseilagly
Tun Theta-2-Theta Tngldlumsuanudaus 20-90 asrmalfoauasly Cug \Huuvastiia

a a L1 L3
IELRNYLIY

3.5.3 Anwilaridu (Functional group) fretaTeayBesnsuanedy
dunsusadiuninsalnt (Fourier Transform Infrared Spectroscopy, FTIR)

AsAnwImyilandu (Functional group) YB3 URIR18819AIELATEITES VT UA

o v =

Wosudunsuseauntnsalnl (Fourier Transform Infrared Spectroscopy, FTIR) (E9191A584
Perkin Elmer Spectrum Two) wazyin1snsizilagldivan ART uanulutiauadunus

400-4000 cm’*

3.5.4 Anwiiuiing (Surface area) wazaa1Ldugwu (Porosity) freinaila
Brunauer-Emmett-Teller (BET)

nsfnuuiie (Surface area) wagananiugngy (Porosity) fhewaila Brunauer-
Emmett-Teller (BET) Tngvinisinvuaunisgadunarameduunialulasiauvesinedng

Tnelumsiiasgsioslddnagidun vssyadluwaduiniidnuazidunseiedanouyin

A5RTIVTARBINIUNTEUIUNIT MINITANAAILTUB BN MDY

3.5.5 AnwUSuauuiialedmesvansalusiu (Fatty Acid Methyl Ester, FAME)
grasesRalasunininsilagldmanleseluwdudufimanes (Gas
Chromatography with Flame lonize Detector, GC-FID)

n1sAnwUunufiaeamasaeensalesiu (Fatty Acid Methyl Ester, FAME) a3
in3aauialasuiinsnisilasldinaylessluledudufimames (Gas Chromatography with
Flame lonize Detector, GC-FID) (EWain3as 5890 Series) lngldfunaduil Capillary wuy
NALHATUTEVING HP-88 Yu7A 100 Hadlums way 0.25 Hadwns Bildsugnldiduufaning
favuadasinisivadl 70 Saddnsdeunit dgamglivesindedl 200 ssaaldualay

s =

fi9msInisuwen 75:1 1u°umzﬁqmmmaam%aqm'sﬁugnﬁwwmwli’ﬁ 230 DIALYALT U E

U
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fetediun 0.2 lulasdng gndadilulumeungnmgil 130 esrmiwaduandannliniig

foulluszoziian 2 undl quvgiiasifintuidy 220 esmwadeandng 2 esruduadoade

9/
L3

17 wazasliduian 15 ud Teednatsiulun1sies1gyineanaun 62 Ui sawazUsuiu

o

3 a ] & A 2
98409AUsZNAU FAME 3gnigyuagAmiaIngnamvesiiuinelagngegn

P wa = ] a s & i i
3.5.6 WeaAnwaNURRNMEDBSHaN1TRNTLATY (Oxidation stability) A2
\A394 Rancimat
nsiveAnwaudfniuiaiesreniseandindu (Oxidation stability) A1eLAT 84

Rancimat (8ve1A384 743 Rancimat) snssnsgIu EN 15751

3.5.7 WisAnwautianudiuniunisivaie m%gﬁeﬁ’ﬂ (Cold flow property)
ﬁ"wm%aa Automatic cloud point

nsiteRnwansRasdunnsivaiig YNNI i1 (Cold flow property) fein3os

Automatic cloud point (EvfaiAdea CPP 56) AINNINIFIU ASTM D2500

3.6 NAFEUNISITIURATYN

3.6.1 NsnAsaUNITIsIUse1vasasufitenlansuuiasesiuasuausiants

] aan g = =t s a g s =
iseUfisemnsidea-lalasiiudulunmswdnindululediva

{
or  as

1. painsiuudululediea 150 Saddans dasseufisenlavguusseasui
Faannssau 1.21 ndu ldvassdiuasnruzaunulaa (Autoclave) 1una 300 dadans

2. UnehiaTosvinuFnaniliuuuinisiula (Purge) amelunivue Autoclave
gondrounalulasiausdiatoy 3 aseneunsaausugoeuialolnsiou 0.4 MPa 7

n v o & % < = i =
qmﬁ ENUN] Wi@uﬂuﬂqim'JE}ﬂquLijﬂﬂw 200 52URBUN

o a

3. fufnsalgnlimnuieusuisgumgiifideanisldlunmsvivujisen 120 aem

aaa

wasawagyiUJise1auaTuRaI AN

W
a4 a o a & = - 1 (2%

4. \fledugaujisentaunsalgnanguugliasunguniivies Udesuia
lalasiaueaniieanAiusuaIntud i undnsunilaiie lUnaaaumasNan AuN N n U
meoiniaanfalasunlnsniilagldianloosluwdudufivanes (Gas Chromatography

with Flame lonize Detector, GC-FID)



74

5. Tunsuuazanelilunsinugisemisidea-lalastudususds 1-4 §

W
' s o w

Uadurdindusaufisewvulnluaviadanasluaviadaduidulidululefia weldls

o fala =

wﬁmﬂmmwmmmwmﬂwqm

q

3.6.2 Mmylaszindiululefiwandunsiujiternisidealalasdudulae
watawAalasutinsnisilaeldwavlsssluwduuidudmawa Sivavlosaluwdudud
WALADS

a 3 [}

nsAAsEiRan1sseUAsenvesinssujitenlansuuiisesiu ninduanilagn
Jias1zvienamaianialasuilngnsd lnevinnisweusrainseuialasuivnsnsdliuianle
polulwtuudufmames InenansusnlAaINNITNAFD UL DINUTUNDUANTIAS UGB

s

4

Zhe

1. daswaniuasnian Autoclave winstiumissianuiaseu 1300
sousauTil AuATIUASaNagnauAs kAN Ta NNl U T AU LU

AT

]
o = aaa

2. 1fllastiaLfudegeintuiitunsyuasen 0.1 nsu dasnmau iy
Tyigdu 10 fadans \aludaiasss

3. fhegnUsunal 1 lulasing gndauasuensausznaumenodutvdn BD-Wax
capillary column laggmumgfidmiuan (Injector), aamniiveeian3299u (Detector) waz
Split ratio gnAsLET 250, 250 war 50 esdsaiFed mudFy drogungiivosrodudild
wenanTEusul 170 ssenadeailiunat 40 unit antudfinduu 250 ssmieaideadae
§asnisiiugmad 4 ssrudoaldeadeuni uazaslifguugfididuiaat 10 und

29AUTENOUVBINENIUNYATATIENIMNERFIUINUTLINT W DILFATARAAATUTILIAN

A9

3.6.3 NMTIATIZREUUAANUENESRENSEENTATY (Oxidation stability) w89
indululafwankiunisvinnisidealalasdudu

1. gahdululefwanuiunszuruniswisiealalsdiudu 7 ndu ldlunasa
nuulavieadlunielunasalaeianierswniu nsaudalndrnusaumensea uWosaLay

ws1auNedeeueINAY nLuivaanldasiutaandireviedrnsulvuialnaniu
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]
= =

2. imsvedeumuunsgIu EN 14112 inusetnefigamgll 110 sseneaidya
neladnsInisivavesenid 10 ansiatlue TusenI1eanNs AL aURIBE19a15UTENaU

gnasnauazunnlaed il

3.6.4 NM5ATIhaLTRAMNAUVILNSInaNiguglian (Cold flow property)

u

T w a a ° ¢ = o
"UENHW@JNIUIBFILﬁaﬂﬂ'lun'ﬁ‘ﬂ']W'ﬁL"UﬂﬁlﬁIﬂ571]“4?1‘14

1. ussqudululefiwaiiiunssurunswisidualalswduaslunsugvn

s

dl o gf’ =Y o 1 ]
seaunivun nntulnelazinnvuyldaslute

2. 99U (Could point) {uwsfiwmesfildszymuduiusseninenisivares

q

yiululafwanieldennimiuuazinaniiiivun CP lasunisusidinmiu ASTM D2500
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NANISNAARILAZN1S9AUS1ENE

4.1 M3ANYINITNIAVRLMTRITUEaRUN YU i3

100 -
80
70
60
50 -

% weight

40

30 4
23.87

20+

10 +

0

T T I
Cattail leave powder Hydrothemal Chemical aclivation

= 7 s o 3 o
U7 4.1 walaSevazvedlugugdndunszuiumsislasmeiiamiveuluwdy

'
=

sUN 4.1 wanslFiiudinsanasvoIniaresasRaf UL HIUNTEUINNTT
lelnsimefifamdualuisdu (Hydrothermal carbonization) Tunsdsiasieiduiansesiu
Tnedlernunszuiunslalnsnestainalifosazveslugugdegil 67.97 ieaan
nszurunislalasinediia (Hydrothermal) a1fbAr e uLa A udulFTuanave i
arursaunsidnlunelulassarievedlugun ¥ uagyatelassaisveawaglaauas
\sillaglaa yilsanenedwesunnniunedwesasdy uasundiudaianisaaeda
natoldunag (Tan) wazfirwrieg wu lelasiau (Hy), Arsusuuauanlea (CO) waw
ansvaulaeanlas (CO,) Wudu uananisdivduiinareduesnanvesaisuouiiviian
fundaiuduiondninanasonisanaswesnavedlugun® msnsefudienszuauns
vaLAdl (Chemical activation) melualwuvadaulaasenlas (KOH) vinlmfnnsiansou
malaseadng visdwiinufisoeaneinarsifufing lilassadainnsaanesdulume
nanlfiinnsiiuiuresiufisnsunielulugugi® wdaiiunisnisaisveululedu
(Carbonization) finalé¥orarvaslugugiBaunienyil 23.87 issanaruseuildly

13 v o g W ] a 1 |
nszvruntsAsusulueduylianssemesiisgnegnnelulassasne i lalasiau (Hy),
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29nT1au (0y), lulasiau (Ny) uazin (H,0) \ianisszimeeanainlassasievinliiinteeing

E =2 [ & A a &
meluiiaansisnareduiungnsunadu

4.2 msAnwmylanduuunuivesiseslfjizen (Functional group)

1380-1240 et
Uun@ and 5 lignin

AC

HTC 12 hr

Cattail flower

7 1700em* 7" f i
/f/' / ‘\ =0 / \'\
36803000 cm? 2850’ | 1500 cmt
-CH group 2952 cm? LHAKkane  aromatic—C=C- l ; AGGc.m‘ . 1290cm*
~CH Alkane 1512emt ey bendlng -€-0-
Aramatic=CaCi

1 T E] 1 id
4000 3500 3200 2800 2400 2000 1600 1200 800 400
wavenumber (cm™)

gﬂ 1 4.2 n57W FTIR °uaamﬁmwmauaumn’tuaﬂmwaqmmvwmmiumumi

lalasimeasiansuouluiwduy

NiFe Strething CsC
{CaCaromatics}

L e e e R - o O o

T T T T L) T T T T -l T T T T T ¥
4000 3600 3200 2800 2400 2000 1600 1200 800 400 4000 3600 3200 2800 2400 2000 1600 1200 800 400
wavenumber (cm) wavenumber (cm’!)

sUdl 4.3 nsl FTIR vesdussufiisenlanguuinsesiuiidansnzsiannnszuiunis

lelpsimesiiansvouluwdu

gm‘/’i 4.2 LLamq’l,ﬁl,ﬁuﬁamgﬁaﬁ%’uu%L'Jmﬁuuﬁamaalugﬂmﬁﬁmumzmum:ﬁ
lelasinesita, luggrdnszuaunislelasvesifansueluiwdy uarluguniliniy
nszurunslalasmesdaniueluwtu wuinderiunszuiunsiudseganindenis
lelasimesdfaitgumgll 200 esanwadoa Wunan 12 2lus iian1sanasvesiia OH-

stretching (3680-3000 cm™) %&Lﬁuwyjlamian%a (Hydroxyl) 989@nilu (Lignin) 1antoy
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= =

Waenlaseaie danuatissmsanudoufias uazn1sanaseeia CH-stretching (2925

U

a

way 2850 cml) 91nn1sEa1e@AIvesazdni@n (Aliphatic) Lagiinnsanasagauinaes C-O
stretching Faidunisidousie C-O suaw;{jﬁma‘ﬁ'?ﬁaLﬂuaaﬁﬂizﬂawa&wag‘laﬂ (Cellulose)
waziediiwaglaa (Hemicellulose) Faflannuadosvneanudeudidn danisaanefives
wagladuazisfigaglaaszninnszuiunisialasmeidaneuliiinniseslsulawdy
(Aromatization) ulassademyeelsudn (Aromatic) Fauansliiiuiiiig 1600, 1512, 1460
way 790 cm! yenaniiseninenszurunislalasimedtaiiafialnliAniufefin c=0
vibration (1700 cm) dufududsgnavveanyasuendan (Carboxylic) Almu (Ketone)
wasdanled (Aldehyde) Faifinannisilawnsdu (Dehydration) vealansendaanufizen
nsaaefivesagladuazieliwaglod NEndeiUNIEUIUNITNTZAUNSIAATNTULAS
arfuoululwduiigamail 900 ssmwaidoa Wunan 2 Hilus nudlaseduvewaglaa
\eiwaglaa uazdnfuiianisaarediluaunun dlafieufurastaunisadueuluedu An
L“‘fjuwyjaz‘lﬁmaﬂluﬂ%mmmﬂLﬁmﬁuﬁU'%nmﬁuﬁq iasnnsaanefvesiuazanssEive

199 L Talasiau, oondiay, lulasiau wazdinnisseweeanainlasiaiiesvinlviing

desiraneluileansianansiluiiuisngufatu ieviinisdumsnwdudmiseuiiselany

q

o O 3 aa o o ) | e = @
aﬂ‘UumTﬁa@i‘UﬂTﬁU@u?\]qﬂlﬂgﬂquwwqﬂqﬁﬁﬂ Lﬂ‘i']ﬁﬁlﬂ WU'JW\LJJQJﬂ']SL"LJaﬂuuﬂﬁﬂﬂ@ﬁﬁﬂﬁmﬁ

a  w

i § o = 1 v — aaa & ) | a & a '
nsinyileidu iessnsenheiissujiselansuaziuindisesiuliiinniswedudum

Werltwifindiu uandlugun 4.3
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dl ! § ar s L3
M1319 4.1 ﬁl'ﬁ’]\"lLLﬂ@]QWNﬁﬂ\‘Iﬂ‘UU‘U@QW??BQ?UF]TS‘U@'H

Wavenumber
Functional group Description
(cm™)
3680 - 3000 O-H stretching Hydroxyl or carboxyl groups, alcohols from
cellulose or phenols from lignin
3000 - 2800 C-H stretching Aliphatic
1700 C=0 stretching Carbonyl, ester or carboxyl from cellulose

and lignin

1600 and 1512 C=C stretching Aromatic skeletal present in lignin

1380 - 1240 C-O stretching Vibration in lignin

1290 - 950 C-O stretching Hemicellulose esters

1420 C-H bending C-H deformation in lignin and carbohydrates
1060 C-O stretching Vibrations in cellulose and hemicellulose
860 - 724 C-H bending Aromatic

4.3 MsAneanutiundnvaniatial)izsen (Crystallinity)

M \\___/u, AC
WJM" Fe
3 3
8 w\w Co <
@ i g
g . .. 3 5
£ bt =
=5 amorphous carbon & c -
W— "»A—-.-—»_,‘\-mu..,\_,/\---«-«-—.—_M-.Y...______,_,_,g.‘
Pt
WM ﬁw\w__& Pb
8 .
.......... i RS Bl
T ey T T T T T = & T T T T
20 » 40 50 60 70 8¢ 20 30 40 50 60 70 80
2-theta 2-Theta

v o @

JUN 4.4 namuansnsideuNYesSIEENG (XRD) vewiuseufiseuuululunviadauas

luaaaludnsidin 5% Uus509SUAITUDY
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JUT 4.4 wamsdnwaznsnIsideauusediondessdassufisenlanzuuu

Y

Tuluwviada (Fe, Co, Ni, Cu, Pb wag Ni) wazluwiada (NiFe, NiCo, NiCu, NiPb wag NiBi)

'
<

wuimndeulvuansiiandnvesariueudeddnuuzifufianite (Broad peak) luths 10° -
35° Fauansliifiuindasesiumsveuidunsizianlugugdlaonsedunsiingniude
Inunadeulaesnleaiilaseadrandnuuuadugiu (Amorphous carbon) uagaziiuityn
Jeoulvresnisifudiseufitenlave (Metal loading) aswuiinveslansuuululuwiiada
(Fe, Co, Ni, Cu, Pb wag Ni) LAndiufisiauva 57.5°, 29.3°, 42.2°, 43.5° 46.1° and 29.8°
AuaRU Tudnualzvosiiaumran (Sharp peak) %aﬂauaﬂﬁam'\mﬂuwﬁﬂwmﬁaLi'&ﬂfjﬁ%m
Tanz Tnsfidunisfananuansfislangafinsng qlugaeslanzesnlen (Metal oxide)
\esnrniAanisil jAsenduinainnisiiufisereandindu (Oxidation) fuainia
wiidlaannuinaunaiiususeiisenlaveiiroudnsdesdwitliiieuesdlaneiuansinaia

lutauinty

4.4 NFANEIHUFIVUIIUNURIVBNAINUAATY (Surface morphology)

JU# 4.5 1 SEM (fdaweny 2500x) dnwagiuiivaisessuasuou

=

sUN 4.5 LLamqﬁﬂwmzﬁuﬁqLLazmiﬂ'ﬁxmﬂﬁwmngu fiAnTuvuRuAvesiITess
fseeduivinnisdaasizidaieisnislalasinestanisveuluiedu lneldarsiadl
Tnunadoulnoonledfimuduiu ¢ M lumsnsedunafingwsuiunm 2 Halus wuinie
SWgUNsEEfBguLNLAIahsesi esniliiuvsdwimadeylossuinwedain
nsunefoenvesgnguiniu TnefvungnuagluszdvunTummsielilasdududnume
gwiuu,wm‘[ﬂuﬁ%mmmmdﬁ%Lﬁ@gwguuwlmimﬁu‘%wmﬁuﬁwadﬁﬁau%’wﬁuau

wAriANEANYIYDITN YL THIUNABUTNEY uRdelunsdiufiiansuaninuaalaseaing



Wownananzn1sinujise gum)iige Lagn1suaninnianIgnInaINAITNIENUIIN

niguan
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SUT 4.6 A SEM (§18) uaw EDX (v21) (dsuens 2500%) faseufiseuuulailuuia

AAVUNURIFITOI5UANSUDY

aaa

Ul 4.6 wanan1snszaeiavesiiisalfitelansuvululuaiadauuiisessu
ArsuauludnsdIu 5 wt% Lﬁaﬁﬁmﬁmeﬁﬁugmmaaﬁ'gLﬁ'wﬁﬁ‘%mwudwuﬁuﬁwm
f3aufasefieuntaveslangnszareduendueyniaiier lasainnisiinsesinlu
\FanunImuaziTaUiuauag EDX (Energy Dispersive X-ray) wansliiAufagunuuuag

awannsatunsnszaneivedlavyuuuldluiadauuiuiteonuilugiuuuyesgadneg

'
=t =

FananataviinveslaneANIUAITBUNS NLUTUAIUUNURIA25095U %Lﬁudwaymﬂmaﬂam
Sn15nS218 8RR UL URIYe9R 25895V mredTnasaunSniudunuuiden (Wet

impregnation) Ineni1sUszgnltinies Rotary evaporator finsldnisannuduiniiennis

9 '
=

QngaeBmINIINIUTigNsuLLiuiavesiisesy Sniilioymavedlansaninsaunsndudnly

' v
=

aeluiiuiignguiinduusnniuiivesnsasiulen



UTl 4.7 7w SEM ($18) uag EDX (121) (fdsuene 2500x) fiseuiiseuuuluusia

AAUUNURIRITOITUAISUDY
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Ul 4.7 uansmsnssaneivesiasafidelansuuulunindaidnsdn 1:1 ag
yusesfumiueuludasidn 5 wit evnislnseidugiuresiise §izemuiiuy
fufhvesiusafisendiouniaveslangnssedueniduoyniaien lnsannsiesieg v
s19lutTsnmuninuaziBaSunadig EDX (Energy Dispersive X-ray) wansliiufisguuuuuas
auansalumsnszaeiaveslansuuulumviadauuiuissenuilugUuuuresgadsngg
Fauamaisviavoddaneiumsdundniuduasuuiiuindsesiu awuieynavedlanes
nsnsEaefinuuiuivesiisesiu fMedimsdumnsniudunuuden (Wet impregnation)

Tnennsuszynldimsas Rotary evaporator dnnsldnisanmnudiuvilvenniagngaseninain

=be

ugnsuuuRuRIvesiisessu Iuilieyninvedansaunsaunsndudluaielunud

Y

2
=

d = ) ‘;J = ot o/ 1 . s | = aa o A
wuAnTuUnanuRIvesseadulad Wwiefudnseujisewuululumiiada (Wang
UUN 4.6)

€adl

—

4.5 msfnwadugnueasinseuiisen (Porosity)

1200 4

1000

\
N

5
:
!

200-‘|

Quantity Adsorbed (cm’/g STP)
@
3
|
i
i
!

0 -

O?G I 0?2 ' 0],4 ‘ ﬂfﬁ . 0?8 . 1.0
Relative Pressure (P/P )
JUT 4.8 lelemeunspadululnsiauveslugun8ihunszuiunslelasivesia

Asvauluedu waenseAuUMIAnINIUAIEIUa KOH

lolaweumsgadulideyaidenmuaimineaiunssuiunsgaduuas Usinunuiions

AnduueIsIUfATen UM 4.8 uansleluiveunisaaduiignAiuineieds Brunauer

U

Emmett Teller method (BET) tnugninfiaaumgil -196 asmgaidea lugasainududuyivg
10%-0.999 vosiusaisenninunszuIunisialasmestansuauluedy wasnsnseauns

Aagnsuimsualnunadoulasenles (KOH) figamail 900 ssmwadea Wuan 2 4alus

[ v o 1o ' aaa = s = = =
aﬂwmgmﬂéﬂiﬁwLL&WQELWLWU’J’W]'JLNUQﬂiEl’mlﬁi‘ljm@ﬂiﬂ’ﬁ@ﬂ“ﬁUUﬁ%m%ﬂ 4 %&LLH@QQ%EWEU
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wuule (Mesopore) @sfluuiagnsu 2-50 nm tHasaniimsgadululasiaunarududnivg

0.4 flquiame3da (Hysteresis loop) Wity FefiufinuluguitnTawansliiufeuiunm

= a

gaegngunuuleninn uagdanugngunuululas (Micropore) fefluunm <2 nm Yzduoy

Wosniluinunmagedululasiuinivegssinismanududuividesndt 0.1

] 2/ 2/

A15197 4.2 UaneiufILazU3HInTINTHYeRTa IS UANTUBUTIHNUNINTEAUAILIUE

9

Tnuadeulansonlen

Vmicro Vmeso VtotaL
Sample Seii D (nm)
(cm®/g) (cm®/g) (cm®/g)
AC-KOH 1982 3.04 0.280 1.293 1.575

4.6 nMsAneIN1sisIUfisemIsfisalalasdiutuiiduuialulenivara il

ufserlanzuuululuwiadauazluaiiadauuiasesiu

luaAteihuiisemsidealelasfiudululeiwannirduldululofiea 98%
(w/w) 1JJu Fatty acid methyl ester (FAME) wagdauiinda 2% léun ndiwelsd lagyi
UFRTeneliussenialelasiauiamdiu ¢ vas gumail 120 °C uarszuznalunisv
Uiisen 2 dalus luemiddeddasnmsfinuufinuues FAME deszneuluse 2 duvdn Ae
Poly unsaturated FAMEs Laun linoleic acid ¥30 di-unsaturated FAMEs (C18:2) USu6d
WnAzdansznuReAuEnysienisiiaUiiteeendindu (Oxidation stability), linolenic
acid ¥13@ tri-unsaturated FAMEs (C18:3) USunaudntasuidinansenuienuiaiesnonis
Aaufisereandinduroninfululefiwaiiosainiifusygamsuniailaisnsinis
Lﬁmaaﬂ%m“ﬁ’uﬁga, oleic acid %58 mono-unsaturated FAMEs (C18:1) wagUiu1aiuoa
saturated FAMEs afiussdusznauiidumaroauiimslvavesiifufigamaiis (Cold flow
property) fasuilevrdululefiwasiiunisuulgnanindeujizemnsidualelassiudu
(H-FAME) m53199AU52NaUv84 mono-unsaturated FAMEs (C18:1) Wudaulng Tnvazdina
IhisululedwailaudfnisinaiigumgiduazanuiaiosdenisiinufAseeendiadud
wunzan laglduansnalszansnimlunisissujisemiiidealalasiuduiigan poly-
unsaturated FAMEs conversion (%) vaslufialaamasvila di-unsaturated FAMEs (C18:2)
Wae tri-unsaturated FAMEs (C18:3) 1Ui1¥u mono-unsaturated FAMEs (C18:1) 1m e

AuaILnsalunswasusiuiulaan
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Polyunsated FAME(BDH)-Polyunsated FAME (HFAME)

Polyunsated FAME conv.(%)= Solyonaated FAME (801 X100

nsiseuazenleeldinssufiselansuuululuwiiada Fe, Co, Ni, Cu, Pb uaz Bi
fimnuanunsalunisidsuutas poly-unsatutated FAME (%) Tnetaduagil 1.43% Tnafiss
UfA3elave Ni A1 poly-unsatutated FAME conversion (%) gaﬁqm 1.78% ey Co,
Cu, Fe, Pb, Bi laailan poly-unsatutated FAME conversion (%) agjﬁ 1.72%, 1.58%, 1.49%,
1.17% uay 0.85% nwadu iiesandssuFizen Ni fishsiseuazmanszneRuuiuiy
yaafrsasfuiiminzay dwaliusinadiviuiiowaniudou H ion Alddmiunisi
UjAsemnsidualelasiiuduldunn dawalviuseufasen Ni anunsovildiussgniely
di-unsaturated FAMEs (C18:2) W@ ¥ tri-unsaturated FAMEs (C18:3) tAimntUu mono-
unsaturated FAMEs (C18:1) loid lae@atssufizen Fe, Co, Ni, Cu, Pb ag Bi TREDINIEY
AadesdantsifnuiAseeendinduresiulofimaiiiuntsuiuuemnimainiiy
Undaluloneasnn 13.21 43l A9 13.30 42149, 13.26 $9lua, 13.21 alus, 13.15 dalas,
13.23 $alus uae 13.22 Flua anudiy wandlumsned 4.3) dmsuauannsanisina

| 1= o' X = d 1 s U =
figamailimiaraatu (Cloud point) vasluleflwaiiriiun1sUsulFeRmunTwNUL 3

U 9 L
2

1 v o 7 = =i d‘
anlnadssanuiuuiaululefiwaund 15-16 ssAnsa@od 310 16 padlgalded LaeLile

wWisuilsuiululefioa H-FAME aandassdfiFealansuuuluuiiada NiFe, NiCo, NiCu,

NiPb wag NiBi dmnuannsalunisideuuuas poly-unsatutated FAME (%) Tneiadeagi

YU

=

1.59% Tnediseufidenlans NiCo d1 poly-unsatutated FAME conversion (%) Qaﬁam

9

1.90% m1u@qe NiCu, NiFe, NiPb wag NiBi lasiia1 poly-unsatutated FAME conversion

aaa

(%) 8gil 1.66%, 1.58%, 1.61% uay 1.23% mua iy ila99n Co fimmsnumeseyiisen

fgesiaufAsomisidealalastiudufiafisuiudissufiselansaiiadu Wehudugiu

fussufAselane Ni deiinnsnszatnsiaia dunaliinnuaninsolunisise §zeniingedu
Tuvauedt Cu fruausalumsaandsunisinufisendeilvuiasemisidualelasiu
ﬁi’j’uawmsmﬁmlé’ﬁqmwgﬁﬁ'\ uwitiesandnuuensdussuludeureduanadewhli poly-
unsatutated FAME conversion (%) 310 di-unsaturated FAMEs (C18:2) wag tri-unsaturated
FAMEs (C18:3) 1Uifu mono-unsaturated FAMEs (C18:1) fildlaigainia Nico Taedaiss
Ujiisen NiFe, NiCo, NiCu, NiPb way NiBi annsaifiunnunaiisssenisiiaufjiseeandiadu
vadlulowaiiuntsuiuganunmarnidiurdululefiwaann 13.21 dalus fis 13.27
T, 13.29 Falu, 13.28 Falus, 13.25 Falus wae 13.23 F1lug puddiu wandlumsned
4.3) dwsummienunsamsinafigumgiavieaqatu (Cloud point) wes  lulefiwad

runsUsudsnunmnuinddlndidssiniiuuidululefiwaund 15-16 asrwaded
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a oA o w1 aaa v a P = a i
90 16 asrwaldea Wulhsrfuiussufizouuulnlunviada TnedlowSsuiieusendn

aaa

dseufisewvulaludadauazluaviadavilivuindisa jisewuuluaiadad

2
ot 0w

Anuannsalunsissujizenfinndy urdmsuindululefiwadildiliathun e uiuinme

1MS511 ASTM D6751 uag EN 14214 frwuslidmsudsiululenea Sinsdaindulule

o3

ALganiiagunine
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Abstract

Nanoporous carbon materials were successfully synthesized via hydrothermal carbonization with acid additives. In this study the
effect of hydrothermal temperature (160-200 °C), hydrothermal time (4-24 h} and influence of acid additive (HCI, HNOs, Ha804
and H3PO4) have been chosen in order to improve the surface structure. The samples have been characterized by scanning electron
microscopy, nitrogen sorption, Fourier transform infrared spectroscopy and X-ray diffraction. The experimental results revealed
that hydrothermal carbonization process and acid addition have effect on the properties of catalyst support. The results indicated
that hydrothermal process at 200°C for 12 h and activation with HiPO4 at 900 °C for 2 h, exhibited the highest surface area, porosity
and pore volume leading to increased distribution of metal on the carbon support.

©2018 Elsevier Lud. Al rights reserved,

Selection and/or Peer-review under responsibitity of The First Materials Rescarch Society of Thailand Intemational Conference.

Keywords: Biomass; Nanoporous Carbon; Catalyst support; Hydrothermal catbonization

1. Introduction

Energy crisis is a major concern and received growing attention recently. Sustainable and renewable materials are
required in all aspect of energy and environment because of decreasing of the resource. Most research focuses on
synthesis or production of biofuel, solar energy, use of biomass for energy and resources such as activated carbon [1].
Activated carbons applications in water treatment in most industry such as food [2,3], pharmaceutical, petroleum [4],
automobile [5], nuclear [6,7], and biofuel. Furthermore, activated carbon with high porosity are used extensively for
adsorption of small sized molecule. Treatment system is necessary for increasing of pore size to containing large
molecules requires adsorbents with mesoporous content [8].

2214-7853 © 2018 Elsevier Ltd. All rights reserved.
Selection and/or Peer-review under responsibility of The First Materials Research Society of Thailand Intemational Conference.
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Carbon with high mesoporous surface areas have utility in many applications, for example in chromatography, dye
removal from water, electronic capacitor, lithium batteries, bio-catalyst, electro-catalyst, support materials, etc. [9]
Synthesis of activated carbons from biomass has been carried out using physical (CO2, stream, etc.) and chemical
(typically, ZnCls, acid and acid) activation [10-16].

Hydrothermal carbonization was the generally used in recent years for energy and materials processing to
delivering desirable propetties to hydrochar (high concentration of oxygenated functional groups (OFG) and low
degree of aromatization) [6,7,17,18].

In this research, We demonstrate the influence of acid additive to activated the high porosity of the activated
carbon by using cattail leave as raw material. Cattail leave is one of the most common weeds in Thailand. Cattail grow
rapidly and can be breed in large numbers in water source. It has an impact on the environment and waste water.
Cattail leave is a biomass composed of 38.5% cellulose, 37.6% hemicellulose, 12.8% lignin and 11.1% ash [19].
Objective of this research, to synthesis and investigate the morphology, functional group and porosity of the activated
carbon in different kind of acid (HCI, HNOs, H>SO, and H3POs) activation.

2, Materials and Methods
2.1. Material preparation

Activated carbons prepared by used Cattail leaves (Typha angustifolia) as carbon source from nature. Cattail leaves
was washed by water to remove the impurities and cut in to 2.5 cm then dried at 90 °C for 24 h, mesh and sieved for
separated powder and fiber. Cattail leave powder was used to synthesis the activated carbon in this research.

2.2. Hydrothermal treatment

Teflon autoclave was filled with 30 g cattail leaves powder and 60 mL deionized water. The hydrothermal held in
range of temperature at 160, 180 and 200 °C for 4, 8. 12 and 24 h. The hydrothermal treated product (hydrochar) was
cool in room temperature and were dried at 90 °C for 24 h.

2.3. Chemical activation

The activated carbons were prepared by used acid (HCL HNOs, HaSO4 and H;PO.) activation. Precursor were
mixed with 4 M acid solution and stirred for 3 h. The mixture was loaded in to quartz boat and positioned inside
aluminum tube that was place in horizontal tube furnace for carbonization process. Carbonization temperature was
used at 900 °C for 2 hand 10 °C/min heating rate under nitrogen atmosphere at a flow rate of 100 ce/min. The products
were rinsed by used hydrochlorie acid (0.1 mol/L) and washed with deionized water until a pH of 7 was obtained.
Finally, the activated carbons were dried at 105 °C for 12 h.

2.4. Characterization

The surface morphology of the activated carbons prepared at the optimum conditions was identified by scanning
electron microscopy (SEM) (Zeiss EVO MA10) operated at 10 kV. Fourier Transform Infrared spectroscopy (FT-IR)
(Perkin Elmer Spectrum Two) was used to determine the fiinction group on surface of sample. The porosity and
surface area were calculated by applying the Brunauer-Emmett-Teller (BET) model.
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3. Result and Discussion

Fig. laand 1b shows yield of hydrochar products through hydrothermal process at different temperatures and times.
The increase of reaction temperature leads to a significant decrease of solid yield due to moisture content in the
structure was eliminated and the composition of the hemicellulose component and some of cellulose and lignin.
Increasing of temperature from 160 °C to 200 °C reduced the yield on average by 30%. The yield of hydrochar
significantly decreases with temperature, The higher temperature causes a relatively increase of solid mass loss, which
can be due to the greater effect of water in hydrolysis reaction. The temperature of 200 °C seems to show the least of
yield. When the reaction time is longer than 12 h, the yield increases, Within the investigated parameters, longer
residence times resulted in yield of hydrochar increase due to re-polymerization reaction of decomposition
biopolymer. The biopolymer are reformed into carbon, which reduces the surface area of hydrochar. The reaction time
provided the decomposition of biomass less than temperature
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Fig. 1. Yield of hydrochar through hydrothermal process at different (a) times and (b) temperatures

Fig. 2 shows FTIR spectra of non-activated carbon and carbon activated by 4 M concentration acid HCL HNOs,
H,S04 and H3PO; at 900 °C for 2 h. Functional group on the surface of activated carbon have degradation form acid
cause o and B-aryl ether of lignin tum into gas phase and water-soluble substance, and dehydration from acid additive
generated porosity inside the activated carbon. Hemicellulose, cellulose and lignin have degradation and generated
the -OH group form -OK group on the surface. After rinse by water after activated by acid cause an ion exchange, K+
is disappear and left -OH at the surface of activated carbon.



101

4 Author name / Materials Today: Proceedings 00 (2018) H000-0000

Jawro,

BRI LR R

§ e} mNO,

i) HIE

=} {3} Nonactivated S—

Transmittance (a.u.)
§
H
?
|
i
|
§

]
}
5
H

T T i g T T T
000 3500 3000 2500 2000 1500 1000 500
Wavenumber (cm’")

Fig, 2. FTIR speetra of carbon activated by (a) Non-activated, (b) HCL, (¢) HNO,, (d) H.8Q, and () H,PO,

Morphology of prepared activated carbon shown as scanning electron micrograph in Fig. 3 (a-d). Afier activated
the hydrochar by chemical activation with acid significant change on the surface morphology can be found in different
kind of acid. Acid activation can be increase pore size and porosity depend on the acidification of acid. Comparation
of single and double/triple acidification, double and triple acidification acid have an appropriate influence to size
increasing of pores than single acidification acid and H1PO, activated exhibits a great porosity and distribution.

Fig. 3. SEM image (500x) of activated carbon through hydrothermal carbonization process and activated by acid (4) HCL, {b) HNO;, (©)
H:SO,; and {d} HsPO.;

Nitrogen sorption isotherms of activated carbon shown in Fig. 4. acid activated carbon present typical (HIV)
isotherms according to the TUPAC classification. The major nitrogen adsorption occurs at relative pressures in range
of 10%-0.999. A horizontal adsorption at 0.4 P/P ratios, suggesting that the mesopores dominant in all activated carbon
there exist some micropores because of large hysteresis loop and high deviation from the plateau region in isotherm
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plot. Activated carbon used double/triple acidification (H.SOs and HsPOs) have higher deviation and langher
hysteresis loop than activated carbon used single acidification (HCI and HNO3). Carbon activated by HiPOg4exhibited
the highest surface areas at 624 m’g"* show in Table 1.
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Fig. 4. Nitrogen sorption isothermn of activated catbon

Table 1. BET surface area and pore volume of nanoporous catbon.

Sample Sarr (MYg) D (nim) Ve fom/g) WVoneso (/) Viow {em¥g)
CL-H;P0O, 624 243 0.290 0.088 0.378
CL-H,80, 423 7l 0.183 0.103 0.286
CL-HCL 5.0 13.66 0.001 0.016 0.017
CL-HNO; 4.7 9.04 0.001 0.010 0.011
CL-900 256 2770 0.121 0.052 0.173

4. Conclusion

The hydrothermal temperature and acid activation are mainly affected on the morphology and porosity of
synthesized activated carbon. Hydrothermal carbonization at 200 °C for 12 h was the best condition in this work. The
termperature is the mainly effect to the solid yield and structural properties of activated carbon. While increase the
temperature, hydrochar yield was decrease 30% from decomposed of hemicellulose and cellulose. The acid activation
has an effect to the porosity of activated carbon. Tar and gas compositions from degradation of hemicellulose and
cellulose was expose and increase the pore size of activated carbon. Carbon activated by H;PO, generates the highest
pore volume in this research.
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carbonization with base additives. This research study the effect of hydrothermal temperature (160-200 °C),
hydrothermal time (4-24 h) and influence of base additive (NaOH, KOH, Na2C03 and K:COs) have been chosen
in order to improve the surface structure. The samples have been characterized by scanning electron
microscopy, nitrogen sorption, Fourier transform infrared spectroscopy and X-ray diffraction. The
experimental results revealed that hydrothermal carbonization process and acid addition have effect on the
properties of catalyst support. The results indicated that hydrothermal process at 200°C for 12 h and
activation with KOH at 900°C for 2 h, exhibited the highest surface area, porosity and pore volume leading to
increased distribution of metal on the carbon support.

Key words: Biomass, Nanoporous carbon, Catalyst support, Hydrothermal carbonization.

1. Intreduction

Sustainable and renewable materials are required in all aspect of energy and environment because of
decreasing of the resource. Most research focuses on synthesis or production of biofuel, solar energy, use of
biomass for energy and resources such as activated carbon [1]. Activated carbons applications in water
treatment in most industry such as food [2, 3], pharmaceutical, petroleum [4], automobile [5], nuclear [6, 7],
and biofuel. Furthermore, activated carbon with high porosity are used extensively for adsorption of small
sized molecule. Treatment system is necessary for increasing of pore size to containing large molecules
requires adsorbents with mesoporous content [8].

Carbon with high mesoporous surface areas have utility in many applications, for example in
chromatography, dye removal from water, electronic capacitor, lithium batteries, bio-catalyst, electro-catalyst,
support materials, etc. [9] Synthesis of activated carbons from biomass has been carried out using physical
(CO, stream, etc.) and chemical (typically, ZnClz, acid and base) activation [10-16].

Hydrothermal carbonization was the generally used in recent years for energy and materials processing to
delivering desirable properties to hydrochar (high concentration of oxygenated functional groups (OFG) and
low degree of aromatization) [6, 7, 17, 18].

In this research, there is interesting to investigate the influence of base additive to activated the high
porosity ofthe activated carbon by using cattail leave as raw material. Cattail leave is one of the most common
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weeds in Thailand. Cattail grow rapidly and can be breed in large numbers in water source. It has an impact
on the environment and waste water. Cattail leave is a biomass composed of 38.5% cellulose, 37.6%
hemicellulose, 12.8% lignin and 11.1% ash [19]. Objective of this research, to synthesis and investigate the
morphology, functional group and porosity of the activated carbon in different kind of base (NaOH, KOH,
Na;C03 and K,CO3) activation.

2. Materials and Methods

2.1. Material preparation

Activated carbons prepared by used Cattail leaves (Typha angustifelia) as carbon source from nature.
Cattail leaves was washed by water to remove the impurities and cut in to 2.5 cm then dried at 90°C for 24 h,
mesh and sieved for separated powder and fiber. Cattail leave powder was used to synthesis the activated
carbon in this research.

2.2. Hydrothermal treatment

Teflon autoclave was filled with 30 g cattail leaves powder and 60 mL deionized water. The hydrothermal
held in range of temperature at 160, 180 and 200 °C for 4, 8, 12 and 24 h. The hydrothermal treated product
(hydrochar) was cool in room temperature and were dried at 90 °C for 24 h.

2.3. Chemical activation

The activated carbons were prepared by used base (NaOH, KOH, NazCO3 and KzCO3) activation. Precursor
were mixed with 4 M base solution and stirred for 3 h. The mixture was loaded in to quartz boat and
positioned inside aluminum tube that was place in horizontal tube furnace for carbonization process.
Carbonization temperature was used at 900 °C for 2 h and 10 °C/min heating rate under nitrogen atmosphere
at a flow rate of 100 cc/min. The products were rinsed by used hydrochloric acid (0.1 mol/L) and washed
with deionized water until a pH of 7 was obtained. Finally, the activated carbons were dried at 105 °C for 12
h.

2.4, Characterization

The surface morphology of the activated carbons prepared at the optimum conditions was identified by
scanning electron microscopy (SEM) (Zeiss EVO MA10) operated at 10 kV. Fourier Transform Infrared
spectroscopy (FT-IR) (Perkin Elmer Spectrum Two) was used to determine the function group on surface of
sample. The porosity and surface area were calculated by applying the Brunauer-Emmett-Teller (BET) model.

3. Results and discussions
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Fig 1.Yield of hydrochar through hydrothermal process at different (a) times and (b) temperatures

Fig. 1a and 1b shows yield of hydrochar products trough hydrothermal process at different temperatures
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and times. The increase of reaction temperature leads to a significant decrease of solid yield due to moisture
content in the structure was eliminated and the composition of the hemicellulose component and some of
cellulose and lignin. Increasing of temperature from 160 °C to 200 °C reduced the yield on average by 30%.
The yield of hydrochar significantly decreases with temperature. The higher temperature causes a relatively
increase of solid mass loss, which can be due to the greater effect of water in hydrolysis reaction. The
temperature of 200 °C seems to show the least of yield. When the reaction time is longer than 12 h, the yield
increases. Within the investigated parameters, longer residence times resulted in yield of hydrochar increase
due to re-polymerization reaction of decomposition biopolymer. The biopolymer are reformed into carbon,
which reduces the surface area of hydrochar. The reaction time provided the decomposition of biomass less
than temperature
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Fig. 2. FTIR spectra of carbon activated by (a) Non-activated, (b) NaOH, (c) KOH, (d) NazCO3 and (e) K2€Os3

Fig. 2 shows FTIR spectra of non-activated carbon and carbon activated by 4 M concentration base NaOH,
KOH, NaxCO3 and K2CO3 at 900 °C for 2 h. Functional group on the surface of activated carbon have
degradation form base cause « and B-aryl ether of lignin turn into gas phase and water-soluble substance,
and dehydration from base additive generated porosity inside the activated carbon. Hemicellulose, cellulose
and lignin have degradation and generated the -OH group form -OK group on the surface. After rinse by water
after activated by base cause an ion exchange, K*is disappear and left -OH at the surface of activated carbon.

i

Fig. 3. SEM image (500x) of activated carbon through hydrothermal carbonization process and activated
by base (a) NaOH, (b) KOH, (C) NaxC03 and (d) K2CO3
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Morphology of prepared activated carbon shown as scanning electron micrograph in Fig 3 (a-d). After
activated the hydrochar by chemical activation with base significant change on the surface morphology can
be found in different kind of base. Base activation can be increase pore size and porosity depend on the
dissociation of base. Comparation of hydroxy and carbonate group, carbonate base have too influence to the
pores because amount of base dissociation cause the pore fracture. In the other way, hydroxy base have an
appropriate influence to size increasing of pores and KOH activated exhibits a great porosity and distribution.
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Fig 4. Nitrogen sorption isotherm of activated carbon

Nitrogen sorption isotherms of activated carbon shown in Fig. 4. Base activated carbon present typical
(I+IV) isotherms according to the IUPAC classification. The major nitrogen adsorption occurs at relative
pressures in range of 10-6-0.999. A horizontal adsorption at 0.3 P/Py ratios, suggesting that the mesopores
dominant in all activated carbon there exist some micropores because of large hysteresis loop and high
deviation from the plateau region in isotherm plot. Activated carbon used hydroxy base (NaOH and KOH)
have higher deviation and laugher hysteresis loop than activated carbon used carbonate base (NazCO3 and
K2C03). Activated carbon by used KOH additive exhibited highest surface areas at 2162 m2g%.

4. Conclusions

The hydrothermal temperature and base activation are mainly affected on the morphology and porosity of
synthesized activated carbon. Hydrothermal carbonization at 200 °C for 12 h was the best condition in this
work. The temperature is the mainly effect to the solid yield and structural properties of activated carbon.
Increasing of the temperature cause decreasing of hydrochar yield above 30% from decomposed of
hemicellulose and cellulose. The base activation has an effect to the porosity of activated carbon. Tar and gas
compositions from degradation of hemicellulose and cellulose was expose and increase the pore size of
activated carbon. Carbon activated by KOH could be generate the highest pore volume in this research.
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Abstract. Monometallic catalysts were prepared on nanoporous carbon support materials via
hydrothermal carbonization from Cattail leaves for synthesis of biodiesel fuel. This research study
the effect of hydrothermal temperature (at 160-200 °C), reaction time (4-24 h) and used KOH to
activated porosity of carbon support then investigate influence type of loading metal catalyst (Mn,
Fe, Co, Ni, Cu and Pb) on carbon support by Impregnation method that effect to the Partial
hydrogenation catalyst activity of biodiesel. Moreover, carbonization temperature was studied at
range 500-900 °C for 2 h. The samples have been characterized by scanning electron microscopy,
nitrogen sorption, Fourier transform infrared spectroscopy and X-ray diffraction. The result
indicated that hydrothermal process at 200 °C for 12 h exhibited the highest surface area, porosity
and pore volume leading to appropriate distribution amount of metal on carbon support surface.

Introduction

Depletion of global fossil fuel is a major concern and received increasing attention recently in
the pursuit for alternatives source. Most research focuses on synthesis or production of an
alternative such as solar energy and biofuel from renewable energy sources. Biomass is an attractive
alternative renewable source and can be used to synthesized nanoporous carbon [1]. Nanoporous
carbon application in treatment and catalyst work in the most industry such as food [2,3],
automobile [4], nuclear [3,6], petroleum [7] and biofuel [8].

Carbon with high mesoporous surface areas have utility in many applications, for example in
chromatography, dye removal from water, electronic capacitor, lithium batteries, bio-catalyst,
electro-catalyst, support materials, etc. [9] Synthesis of activated carbons from biomass has been
carried out using physical (CO3, stream, etc.) and chemical (typically, ZnClz, acid and base)
activation [10-15]. Hydrothermal carbonization was generally used in recent years for energy and
materials processing to delivering desirable properties to hydrochar (high concentration of
oxygenated functional groups (OFG) and low degree of aromatization) [6, 16, 17].

In this research, there is interest in investigating the preparation of monometallic catalyst on
carbon support synthesized from cattail leaves for application in biodiesel synthesis process. Cattail
is one of the most common weeds in Thailand. It can grow rapidly and can be breed in large number
in water source. Cattail has an impact on the environment and causes a large impact on the
irrigation system. Cattail leave is a biomass composed of 38.5% cellulose, 37.6% hemicellulose,
12.8% lignin and 11.1% ash [18]. The goal of this research to synthesis and investigate the
morphology, functional group and porosity of the different kind of metal (Mn, Fe, Co. Ni, Cu and
Pb) catalyst on carbon support.
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Materials and Methods

Material Preparation. Carbon support were prepared by used Cattail leaves (Typha angustifolia)
as carbon source from nature. Cattail leaves was washed by water to remove the impurities and cut
in to 2.5 cm then dried at 90 °C for 24 h, mesh and sieved for separated powder and fiber. Cattail
leave powder was used to synthesis the activated carbon in this research.

Hydrothermal Treatment. Teflon autoclave was filled with 30 g cattail leaves powder and 60 mL
deionized water. The hydrothermal held in range of temperature at 200 °C for 12 h. The
hydrothermal treated product (hydrochar) was cooled in room temperature and were dried at 90 °C
for24 h.

Chemical Activation. The carbon supports were prepared by used base KOH activation. The
precursor was mixed with 4 M base solution and stirred for 3 h. The mixture was loaded into quartz
boat and positioned inside aluminum tube that was place in horizontal tube furnace for
carbonization process. Carbonization temperature was used at 900 °C for 2 h and 10 °C/min heating
rate under nitrogen atmosphere at a flow rate of 100 cc/min. The products were rinsed by
hydrochloric acid (0.1 mol/L) and washed with deionized water until a pH of 7 was obtained.
Finally, the activated carbons were dried at 105 °C for 12 h.

Impregnation. Metal catalyst (Fe, Ni, Co, Cu, Pb, Sn and Mn) were loaded on carbon support by
wet impregnation method of a solution containing metal catalyst in nitrate form at 5 wt% then
stirred for 15 min. After that add carbon support and stirred at 45 °C for 3 h. Catalysts were dried at
80 °C for 12 h. Finally, calcination temperature was used at 500 °C for 3 h and 5 °C/min heating
rate under nitrogen atmosphere at a flow rate of 100 ce/min.

Characterization. The surface morphology of the activated carbons prepared at the optimum
conditions was identified by scanning electron microscopy (SEM) (Zeiss EVO MA10) operated at
10 kV. Fourier Transform Infrared spectroscopy (FT-IR) (Perkin Elmer Spectrum Two) was used to
determine the function group on surface of sample. The porosity and surface area were calculated
by applying the Brunauer-Emmett-Teller (BET) model.

Results & Discussion
Yield of hydrochar.
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Fig. 1. Yield of hydrochar through hydrothermal process at different times.

Fig. 1 shows yield of hydrochar products through hydrothermal process at different times. While
temperature was increasing, moisture will be eliminated and the degradation of hemicellulose and
some of cellulose and lignin componant. Increasing of temperature from 160 °C to 200 °C
significantly decreases the hydrochar yield on average by 30%. The higher temperature causes a
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relatively increase of solid mass loss, which can be due to the greater effect of water in hydrolysis
reaction. The temperature of 200 °C seems to show the least of yield.
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Fig. 2. Yield of hydrochar through hydrothermal process at different temperatures.

Fig. 2 shows yield of hydrochar products through hydrothermal process at different
temperatures. The yield of hydrochar decrease according to increasing of reaction time but after
reaction time is longer than 12 hr, hydrochar yield increase. Increasing of hydrochar yield due to the
biopolymer decomposition in repolymerization reaction. The reaction time provided the
decomposition of biomass less than temperature.

Carbon support were prepared after hydrothermal process by base activation and carbonization
process. If the yield of hydrothermal process increased leading to increasing yield of carbon support
too.

Functional group analyses.
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Fig. 3. FTIR spectra of monometallic (Mn, Fe, Co, Ni, Cu and Pb) catalysts on carbon support.

Fig. 3 shows FTIR spectra of catalyst on carbon activated by 4 M concentration base KOH at
900 °C for 2 h. Functional group on the surface of carbon support have degradation from base cause
o and B-aryl ether of lignin tumn into gas phase and water-soluble substance, and dehydration from
base additive generated porosity inside the activated carbon. Hemicellulose, cellulose and lignin
have degradation and generated the -OH group from -OK group on the surface. After rinsed by
water after activated by base cause an ion exchange, K*was disappeared and left -OH at the surface
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of activated carbon. The result cannot see any metal peak because of less concentration of metal
loadings. The result can assume that the carbon support of catalyst composes with pure carbon.
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Fig. 4. XRD diffractogram of monometallic (Mn, Fe, Co, Ni, Cu and Pb) catalysts on carbon
support.

The X-ray diffusion (XRD) patterns of metal (Mn, Fe, Co, Ni, Cu and Pb) catalysts are shown in
Fig. 4. It was observed that the characteristic diffraction peaks corresponding to monometallic Mn,
Fe, Co, Ni, Cu and Pb dispersed on carbon support at 26 of 57.5°, 29.3°, 42.2°, 43.5°, 46.1° and
29.8° are observed respectively. The carbon peek was found at 20 of 25.5° corresponding to (002)-
plane suggesting the formation of amorphous carbon.
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e, Co, Ni, Cu and Pb) catalysts on carbon

Fig. 5. SEM image (1000x) of m
support.

Morphology of prepared monometallic catalysts shown as scanning electron micrograph in Fig.
5. After loaded metals on to the surface of a carbon support with wet the impregnation method can
show the development of metal catalysts. It can be seen that the metal particles are well dispersed
on the carbon support surface.

s

Conclusion

Monometallic (Mn, Fe, Co, Ni, Cu and Pb) catalysts on carbon support from cattail leave was
successfully synthesized by wet impregnation method. Activated carbon from cattail leave can be
used as support material for synthesized the metal catalyst. All kind of metal particles are well
dispersed on carbon support in Swt% of metal preparation.
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transform infrared spectroscopy, FTIR for develop oil spill sorption.

Pyrolysis Produced
o carbon fibers
- Temperature of 300 to 900°C i
| - Constant heating rate 10 *C/min !
! - Residence time for 2 hout i
A 7

Characterization

- The produced carbon fiber was performed by conventional pyrolysis
using a cattail (Typha angustifolia) flower. The raw cattail flowers were |
collected from the local filed in the middle of Thailand. Firstly, it was ||
dried in the oven at 80°C for overnights. The prepared feedstock was !
supplied for the pyrolysis in order to investigate the effects of pyrolysis 4

: temperatures on the characteristic of carbon fiber. The production yield

. was calculated follows the standard method [3]. Additionally, the
. surface morphology of produced carbon fiber was observed by scanning $
. electron microscopy, SEM. While, the surface functional groups were

analyzed by fourier transform infared spectroscopy, FTIR in term of |

. qualitative analysis .
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Fig 1 The FTHR spectra of (A) cauil flower incubated through pyrelysis at different temperatures of (i) 300°C, @)

400°C, (i) 300°C and (iv) 600°C for 2 hours and {B) incubated through pyroiysis a1 different temperatures (v) 780°C.
(%1} ROOC and (vi1) 200°C for 2 hours

From figure 1(A), the results showed that the peak at 890 em™!
. corresponding to C-H alkenes The band at 1H16em™ is a C-O
. stretching ether and ester, while 1413 cm'is a C-F stretching. The
. band at 1575 em™' correlated to aromatic C-C-stretching aromatic
¢ ring of lignin. The broad bands centered at 2854 and 2924 cm™ are C-
. H stretching in polysaccharide contains cellulose or carboxylic acid of
. lignin and hemicellulose. Based on the above analysis, when the
temperature and hold time of pyrolysis are increased, the OH-
stretching rate was decreases.

This research investigates characteristic of carbon fiber derived from |
cattail flower at high temperature (300 to 900 °C) under the nitrogen | |
atmosphere. The characteristics of produced carbon fiber were 4
characterized by scanning electron microscopy, SEM and fourier

Due to the increasing of temperature and reaction time, the -OH
ranged around the outer edge of the sample was reduced resulting in
more hydrophobic which develops the oil absorption performance.

| From Figure 1(B), it was found that when increase the temperature to

700°C, the functional group was reduced due to thermal |
decomposition. Thus, the cattail flowers derived carbon fiber

established to a high carbon percentage substances. This characteristic | |

g1 commonly reveals a highly hydrophobic property which causes high

adsorption capacity.

Fig 2. SEM mierograph of cattail flower prepared by
pyrolysis at (A) 300°C, (B) 400°C, (C) 500°C, (D)
600°C, (E) 700°C, (F) 800°C and (G) 900°C for 2
hours.

Figure 2 shows the cattail flower derived carbon fiber. The SEM
micrograph of carbon fiber obtained at pyrolysis at 300°C was
displayed in Fig 2A. The fiber structure is approximately 6.5 um of
diameter. The surface of carbon fiber was not completely formed by
the formation of carbon sphere. When the pyrolytic temperature was
higher than 400°C, the fiber began to fracture but is not very clear.

{ Above 500°C, the large fibers are the fracture and separation, the

diameter is smaller and carbon sphere that begins to look complete is

. clearly spherical in nature (approximately 0.125-0.5 pm, diameter).
., Based on the temperature between 600 to 900°C, the proportion of
% carbon sphere might be greater (diameter shrinkage). This results is

possibly indicated to a high surface area.

The cattail flower reveals a potential to develop a carbon fiber by
using the conventional pyrolysis. The results show that pyrolysis
temperature have strongly influenced on the characteristic of
produced carbon fiber both of the physical structure and the
functional group on their surface structure. The high temperature

. produced a carbon fiber is possible to apply for a various applications

such as adsorbent or other functional materials.

_ Acknowledgment

The authors would like to acknowledge College of Nanotechnology,
- King Mongkut’s Institute of Technology Ladkrabang for their facilities
{ and support.

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



INNOVATION 2018

117

-

SUPER ACTIVATED CARBON SUPPORTING MATERIALS

FOR BIODIESEL PRODUCTION

Tripob Longprang®, Thanapat Wongkitikun®, Kobchai Onpecht®, Dolrudee Jaruwat®, Nuwong ChoHacoop” and Apiluck Eiad-ua™

*College of Nanotechaology, King Mongkut's Institute of Toechnology Ladkrabang, Thalland

*National Metal and Materials Technology Center (MT

*Corresponding Author's E-mail address: apliuck

Opportunity

.

*

Tabbe 1 Critoro 1 dHiorihiccs o fatincingy.

Frohyyn Fiprotaseis Canomisatis (T}
Low progicion oiume (0% High proasben v (0%)
g Boie | ORI Wt L By 1 s Frighaly

Highh $arians s s perosity

Low sudnos aws and porosky

Guanity Adsovtied (criy STP)
Quantity Adearbed iom’ig STF)

}, Th

tkmith.ac.th

nd

¥ Prmoocts made From wasde

* Hgh surtace wes Bnd porosity.

* Bosdrendly production procens.

* Froduet heatorss ane befier it S mikel.

* Pudomance Ganpamiis lo praducts sod i Bau Kores snd. th Uniied
Slotes

carbon peoducts e GalatpR
sugprt:

The proctuct sad for Hl mhrtins
comparable o ackvled cabon
i Thadlaad B aiso has higher

* Sourcom ol
oF tha country.
DA 5 ST el Tranon Coste.

T v el e g

© P evibedale are viinbia i ditlereel
wans
* it invastmsnt

Product Strategy

¥ Productil n Feenons 10 cusiomad demand and Improve: produciicn standands.

* Colrt packaging dorgn wih choar aad relabis labe| detals, mansials and waming ek
¥ Products s avellothe 8 vaisty OF sioe Mt 5eakd packegiog,

Pricing Strategy

B Set product prices Below maked pices snd moreRse product poves in the flure.

* At tha ook of pasckaging Brd Ebai 1 B Up-io-date.

Place strategy

* Conpignmant al the wates S8 $H60 i T dapartment Kot Sucls 0% Barmpnre Thamateadu, Baaikiongnam

* yvhoieaniing $ha medl peckaging sl Aroma 300p Bnd pharmacy 10 BIbule products 1o Deolers In oY DITVINGES.
© Dokl sk By padking lange bage for eney using end imnsporiaion 1 deslers i olher provincis.

©  Gaies ot feviivals 3000 a5 nabonal innovaon and UITOF

Promaction strategy

Promoticn. such e Buy 2 Gl 1, Package Ko i 8pacial prios businuss stavip o seien dosum), Disusnis for bolk parchions ard Laymlly cond aic.
Nw pactaging for e festval, sich s New Years Dey. Vilentes Day, Famiy Doy et

Erooirags the purchmes of tnpleoied cusioner, such aE Brochime, prning med ste.

Suppcat for socs - community Banefis such s delvery of Carbon nana matansl for dieart waler o

hetp floos vickme,

nancial Informatio

o RO SRR o oo E P

Briums Sastor

Tha: Bt ast Framaset Axsceiopn
it AT LM

L A T gt B

g E@ Project budget
Deprac i Bl T oot of SRS, Beiotdn

Financial Plan 3 B en o acthvalod i

] P [
e e it [ e R
it Pressurs (PIR.) Y
Vg VN, pesarn s tbare o seimsed [T Temm—— feptyanr
i i €02, RO Ny S0, Dr 1 1 4 C ot D, BSC GG G, W b ' 0 Price 000 behe 1 tan.
Vehich eepants ey Sk o mpskmant (ROT) 38 8% sl arelk t
Towle 2T rienposion wt el properbes of pim HEAME gt
e & Dasonsn 17z
e e
Haahr . - o cu Cuce  New  Witw votst » % o i
Poltpunastursted PAME eonv. (%} E2 1% 542 7.3 Ll e Figg ) Tha pragietion of previcion poske of snterprisey
bkt Gy o W woe  em WE 00 B
Drddatian stabRiTgk) A 3 ALY £ 17 02 vk
Conclusion Thee aiivors wokikd Ne 10 Thack Tha Colega of Manstachnaiogy, Kng Mongkuts Inatitis of Technology Lidkrabamg (KMITL), Advance Carami

Polaeien hydraxite can daveion o Mass pore WhiOh i sUktile Tor Catiivel stoport sined il hot & surfacs rea of up
7352 g

Nanoporo Material Research

baratory, College of Nanotechnology, King Mongkut's Institute of Technology Ladkrabang (KMIT

Ausearch Center, Hagova Instiiurs of Technalopy: and Finenaist support of the Thalland Resenrch Fund 10 the Nnlional Metsl and Materiaks:
Toghwetogy Conter [TEC) via the YSTP rogmm. Patiwen iand Thaland (Grant SCADO-2561-T23LTHIZ681} for upport this sty




118

/ ;;;@' v PREPARATION OF METAL CATALYST ON CARBON
Lo SUPPORT FROM BIOMASS FOR BIODIESEL
Ny PRODUCTION

Tripob Longprang®, Doirudee Jaruwat®, Parncheewa Udomsap™©, Nuwong Chollacoop® and Apiluck Eiad-ua®

*College of Nanolechnalogy, King Mongkut's institute of Technology Ladkrabang, Thalland

“Department of Chemical Engineering, Chulalongkorn University, Thailand
“National Metal and Materials Technotogy Center (MTEC), Thaifand

This research investigates characteristic of catalyst on support for biodiesel
production from monometallic and bimetallic, and porous carbon support form
cattail leaves. The characteristics of produced metal catalyst were characterized
by scanning electron microscopy (SEM), furrier transform infrared
spectroscopy (FTIR), X-ray diffraction (XRD) and Bruauer-Emmett-Teller,
BET for application in biodiesel production

Materials and Method
& 3 HYC Impregnation

Activation

U

Pai Bl diasel

Biousane(H FAME

The produced carbon support material was performed by conventional
hydrothermal carbonization using a cattail (Tvpha angustifolia) flower. The raw
cattail flowers were collected from the local filed in the middle of Thailand,
Firstly, it was dried in the oven at 90°C for overnights then mesh and sieve to
collected a cattail leaves powder. The prepared feedstock was supplied for the
hydrothermal at 200°C for 12 h. Activated poresity of carbon support by KOH
then carbonization at $00°C for 2 h. Finally, moenometallic and bimetallic of Ni.
Co, and Cu were loaded on carbon support by used wet impregnation process,
Investigated the effects of different kind of metal catalyst on support . The
production yield was caleulated follows the standard method, Additionally, the
surface morphology of catalysts was observed by seanning clectron microscopy
(SEM), the surface functional groups were analyzed by fourier transform
infrared spectroscopy (FTIR), elemental composition from X-ray diffraction
(XRD). While, the porosity of support material was observed by Bruauer-
Emmett-Teller (BET) in tenn of qualitative analysis .

Conclusion
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Fig. 1. XRD patiern of metal vatalyst (a) Ni, (B) Co, {¢) Cu, (d) NiCu, () NiCo and (D)
CuCo on carbon support

XRD diffractogram show that metal catalyst have been loaded on carbon
support material (show in Fig. 1). This metal peck can be confirmed the
composition of metal catalyst on carbon support.

SEM images

Fig. 2. SEM picture of metal catalyst (a) Ni, (B) Co. (¢) Cu. (d) NiCu, () NiCo, {f) CuCo,
{g) Non-activated and (h) KOH activated on carbon support

SEM images indicate that the morphology of the melal catalyst on nanoporous
carbon support (show in Fig, 2). Bimetallic catalyst have more amount and
distribution of metal on carbon support than monometallic from different size
and elemental composition of metal catalyst on nanoporous support material.

Table 1 The composition and fuel properties of palm H-FAME

Sotabyat Sy u ta S ube  wew M
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Owictation stabitityih) 1848 ”e " 67 1784 o nn3

Result in catalytic properties of monometailic and bimetallic catalyst in
biodiesel production (show in Table 1). Ni was the highest efficiency in
partial-hydrogenation process of monometallic cause an effect to Ni bimetallic
in same direction.

Bimetallic of Nickle catalyst have appropriate distribution on the nanoporous
carbon support material cause the highest efficiency of catalytic effect to
biodiesel synthesis reaction.
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Depletion of global fossil fuel is major concern. This research investigates
characteristic of catalyst on support for application biodiesel production from
monometallic and porous carbon support form cattail leaves fo produce
alternative energy. The characteristics of produced metal catalysts were
characterized by scanning electron microscopy (SEM), furrer transform
infrared spectroscopy (FTIR), X-ray diffraction (XRD).

Methodology
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The produced carbon support material was performed by conventional
hydrothermal carbonization using a cattail (Typha angustifolia) flower, The raw
cattail flowers were collected from the local filed in the middle of Thailand.
Firstly, it was dried in the oven at 90°C for overnights then mesh and sieve to
collected a cattail leaves powder, The prepared feedstock was supplied for the
hydrothermal at 160-200°C for 4-24 h. Activated porosity of carhon suppott by
KOH then carbonization at 900°C for 2 h. Finally, monometallic of Fe, Ni, Co,
Cu, Pb, Sn and Mn were loaded on carbon support by used wet impregnation
process. Investigated the effects of different kind of metal catalyst on support .
The production yield was calculated follows the standard method. Additionally,
the surface motphology of catalysts was obscrved by scanning clectron
microscopy (SEM), the surface functional groups were analyzed by fourier
transform infrared spectroscopy (FTIR), elemental composition from X-ray
diffraction (XRD}).

Result & Discussion
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Fig, 1. FTIR spectra of monometallic (Mn, Fe, Co, Ni, Cu and Pb) catalysts on carbon
supporl.
FTIR spectra show functional group on the surface of carben support have
degradation form base cause o and B-aryl ether of lignin turn into gas phase and
water-soluble substance, and dehydration from base additive generated porosity
inside the activated carbon. Hemicellulose, cellulose and lignin have
degradation and generated the -OH group form -OR group on the surface.

After rinse by water after activated by base cause an ion exchange, K+ is
disappear and left -OH at the surface of activated carbon, The result cannot see
any metal peak because of less concentration of metal loadings. The result can
assume that the carbon support of catalyst composes with pure carbon.
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Fig, 2. XRD diffractogram of monometallic (Mn, Fe, Co, Ni, Cu and Pb) catalysts on
carbon support.
XRD pattem is observed that the characteristic diffraction peaks corresponding
to monometallic Mn, Fe, Co, Ni, Cu and Pb dispersed on ¢arbon support at 20
of §7.5%, 29.3% 42.2° 43.5% 46.1° and 29.8° arc obscrved respectively. The
carbon peek was found at 20 of 25.5° corresponding to (002)-plane suggesting
the formation of amorphous carbon.

50 4

Fig. 3. SEM image (1000x) of monometallic (Mn, Fe, Co, Ni, Cu nnd Pb) catalysts on
carbon support,

SEM picturss indicated that after loaded metals on to surface of carbon support
with wet impregnation method can be show the development of metal catalysts.
It can be seen that the metal particles are well dispersed on the carbon support
surface.

Conclusion

Monemetallic (Mn, Fe, Co, Ni, Cu and Pb) catalysts on carbon support from
cattail leave was successfully synthesized by wet impregnation method.
Activated carbon from cattail leave can be used as support material for
synthesized the metal catalyst. All kind of Metal particles are well dispersed on
carbon support in S5wi% of metal preparation.
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