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ABSTRACT

This research to preparation of bimetallic catalyst on carbon support 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 influence of activated with catalysts acid (HCl, HNOs, H,SO4 and HsPOg)
and base KOH, Na,CO;, NaOH and K,CO,). Then loading the metals catalyst on carbon
support by Impregnation method to study the ratio of metal catalyst to carbon
support (0.5 %wt, 5 %wt and 10 %wt) and type of metal catalyst (Ni, Co, Cu, NiCo,
NiCu, and CuCo) that affects the partial hydrogenation catalysis activity of biodiesel.
Moreover carbonization temperature was studied at rang 500-900 °C for 2 h. The
sample have been characterized by Scanning electron microscopy, Energy Dispersive
X-ray, Nitrogen sorption, Fourier transform infrared spectroscopy and X-Ray Diffraction
were employed to characterize morphology, specific area (Sger), and surface function,
crystalline respectively. The experimental revealed that hydrothermal carbonization
process and catalyst treatment have effect on the properties of catalyst on carbon
support. The results indicated that hydrothermal process at 200°C for 12 hr and
activation with KOH at 900°C for 2 hr. It can increase the higher surface area, porosity
and pore volume leading to distribution increased of metal on the carbon support.

The NiCu catalyst has the most catalytic activity.

Keyword: Biomass; Catalyst; Carbon support; Hydrothermal carbonization
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woduwuAA1lsA (Polysaccharide) Usumuesesalsznavludaniaudaswilnszunnmiany
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2.2.2 aenaUsEnaulisuszanas (Proximate analysis)

peAUsznauLTeUsEnm (Proximate analysis) 28933178 Usenauludennuty
(Moisture) 111 (Ash) leseime (Volatile matter) uaga1suauassia (Fixed carbon) Auaule
RNENNT 2.1

2.2.2.1 ANUTU (Moisture)
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ANNTFUNINNINSBEEE 90 [19]
2.2.2.2 USuaudn (Ash)
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WOLWAY o1PnaluSunaud unnazdsaliusyansninnisenlndianas USunanantuiauaa
a [ ¥ v o oA | el o P a
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naneduniansveulaeeniesuarii Tuvasndulseneveliunidlutunasvgneendlng
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2.2.2.3 Usualaszwme (Volatile Matter)
a - o, HIRTAY | ) 1 v 1al v
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e A a = [ =l = 1 g s o
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Lilwduadudanuainia loszimeasliniuainnisnaudansniuninusaunsebnlslada
(Pyrolysis) [19]
2.2.2.4 Usunaiasuaumad (Fixed Carbon)
Uunuasvauasindudiuiiadvsuedasaaiediuiandiannmsiaius e unndn
P N a o ' W « o «
wafigamall 900 esrmwaidia Fadulngaguseneulumesimaisuou Uinumiveund
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FeudlAINNaRNY AeEuNISRB UL [19]

9%FC = 100 = (%M + %A + %VM) 2.0

Wia %FC vuneds USunniensuaunesn
%M MUIYES AN
%A BUIBHY USUN0LeN

%YM viens Ysunulessive

2.3 ALUAUNSLELASIBSLA

& ot qd o L2 Y
nszuaunsielasmesiaiunszuiunisudssumaniinddgyildlunisudasiuna
I a o € o - ¢ v o % o
WHundndusivewds wio lalases lolasmesdadunszuiunisaisaiiuiounalean

Uiunwueendiounarlalasiauresingivauia lagldundudvinjisonieaanssdans

Aslulawmsn (Carbohydrates) 1ipe9neeAUsznoUvesTIIAILIAIED B UDYALL0DY

U

aeldanzdudiludanin lavagviuiisennteldausounaranudu gunginldey

v

s¥wIne 140-220 sarwadealudsfnsninUaatineeldiagadroasusunienieldany
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2.3.1 nalnnsiiaufizen

2.3.1.1 Ufsenlelaslada

Ufnzenlalaslada (Hydrolysis) Fumshiluanavesh (H,0) lWvijizeniuans
fhethady Tauna Wusu Tnsluanavenitezidnluhaiswusy (Break bond) vesdniu
waglad uaziefiwaglod dududuszneuludanma nmiuseiefuduanelyen (uana
yunalngy) Aasdamsusniduaslddunieluanaiifivunaidnag [22]

2.3.1.2 UfAsendilawnstu

Uiisenilewstu Wunstdalianavenit (H,0) senszmindlelasimesiia duwa
T#iusunainnsusu (Carbon content, %C) 11ndu y3ednluuivilsAeiduniaiineandiau
Tuguveath TagliviliiAnnswdsuudamaeil - ludisiihalelasimestasasinis
Anufisendlawmsduarainda Amsvandiatuuin [22]

2.3.1.3 fansuendadu

o '

fansuandiadu (Decarboxylation) iuufAzemaniiisziinnguaniuendasen
na1syUseneunazUdesiivansuaulaeenlen (CO,) lavundaasvandiadu nuend
UjAseweansan1suendanietssnenvesrisususendnatgldaiiveu Wuujizead
founduresntausnlunsduansiuaiionnasvendiatu Jadunsiuasueulaeanles
adluansusenav [22]

23.1.4 Ufisemedwelsedu

Uiisemedielsietu (Polymerization) unssaudaiuveduanafifivunaidin

wWiouszdu @edildiadios) muimaﬂa‘ummlwyf fauatvsunniu [22)

2.3.1.5 Ufisenmsmunuy
UfATen1smavudu (Condensation) UjiAsenisaruuiuduufienieniln
v & @ o 1 o oA o o o v o< aas
Tuanadesmdaininungusnfuioaisluanailvgnit udlaeniluluujisemng

o a ¥ o odoa i Y
ﬂJ’J’JWEI’WL‘TJ‘I.Ju'I ﬂ'1'iﬂ’JULLUUVlLﬂﬂ"U’]ﬂﬂ']‘iNaGlu’WLﬂUNaWﬁE]EJvLﬂ [22]
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2.3.1.6 Ufiseneslsulawdu
UfAsenelanlaed (Aromatization) 1Humsiasuansuszneulslasaniueuls
asaduling vionswasulelasensveunuuiaduansusenaverlsininlngldanufouuay
ALseUnzen [22]
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2.3.2 Jaduniidndwasanssurunisialasimesia

=

2.3.2.1 gungil

Rt

%

Sasnisiaufftenlelasimesiatuegfugumgiidulladendnuasiidndnadty
Uffisensdesaeiusyesiiiuna ilogampivinlisravEnimussnisulasinnatinuiy
Fududenniindsmlunsihaisiusyresiamna  veninigungiiigetusening
nszuumsvedlelasineitatisfiverlsuzinvedlaseadumiveu Tnovilundndneimdu
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2.4.1.3 ANUeU
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2.5 N1INTTAU
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2.5.1 m'sﬂizéjumamamw (Physical activation)
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2.6.2 M3RAYY
Fomsthierianiiiuisesiuinurluansasaneindeiimududumnzauiunise
du nsgaduiluisimnsandledesnisuinmesdussnouiuiudi feidsvesmainns
anduAoUTiaviliiAnnsufildnn fedradu luaisazarslinifiauazezgiiun
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faunaiinduiiil
augadmsulossuuan () Tae S Aomyilaridu
SOH" + C" <—> SOC" +H’
aunadmiuleasuuin (C) lay S Aewyilaidu

S(OH) + A" <—> SA" + (OH)
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2.6.3 nsuanwWasulessu
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luansazanevaundovadanyiidainisuaniuasy ud1seuldusunisuaniasuiiseanis
Fofwpanmsuaniasuiifesiiniosandeddinaruiy uazdlenisuaniudsudusudaaglyl
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s I aaa s at
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s Ad =Y s ﬁ‘ o & o
soafundsnsududilumeadigaisazarenielaan1ieinivue (010 udY,  NSHEN,
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8/ L ‘J 1
=l = s a oA L 4

- 1 s 4’ 1 1
PanNY, 387) UBNANULITUDEY ULQE]UI‘UH']'S@J@%UUHWUN’JG]’Ji@ﬂiU‘ﬁ\‘lﬂ\ﬁNﬂﬁBﬂ’]’luﬂ'lll']iﬂ
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wardaniaa wadvednnnlunisimseuwuuindaulanelneidilenn AeAdaILIsaluns

azay (Solubility) vedlangfIAuAUUIMIBAMIAYANEDUY UBNIINUULAIAITDITUADI]
AantAveudn (Hydrophilic) fansdlitdasesfuliilinmandmten ssuuidudesdnidunis

v a0 = - v o & o wa o VY, o a
melagyaynia viovimsiaeusilavesinhavareluansillauaudadoniuisesiun

- 1

o Tneily udlansililunsssujisenfifivasussessuasdosduiniaeg
lughe 2040 % weafsesiu nanfusigavheiilddosriunssuwis uaziwiordnans
Juideuludissiisenoonuasdafunsiiuauandidanamansliiusisefisen Tu
asavarstudiensinisufii§izelaeisileiudunisindoulavglivufseasudl
Funoudiall [29]

1. nawseumisujisenlansuunigessy

fmutumeumanssasaiscufiselaeisiaiuiunsedeulany luuussesiuty
Welilangmiajisenansansyanesilifardeainslianuiounnmsesiunieiiluga
pIMABendEayYINAierdnALTuLareINABENIINgNTURBUTvrutadlumsazats
mﬁaﬂuaﬂawx%a%ﬁﬂﬁmsazmammmuwﬂ*ﬁ'ﬂqjgw?ulﬁﬁﬁu ntuthansazaneindoves

Tangazgniuaslugnjulasnisueaasuudsesiuliilendu lneUsuinuasasanedenan
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anunsamunlianUsinesgnguvseyinisaasuneulaslddiinazatevenasuuiise sy
.=l =Y 1 123 [-] @l - =i| [-] b 7Y st = -l vV f -] = s [
AnsruUsuILLLaURaIvINIsTRUSUNIRsAVIN AR sassusnwed waiatiuSuansAavin
v v ° v v ~l v a v
azanenlaunldlunisAiuiuAudutussasazaneislilausunalaveniuaoinis [30]

- s o d’} 1 s A
Tnsunfivuineyninlansuuiisessuduegiuauiutuvesansazatenly winalsavaney

o

a = v a voow = v oo 0 § w =
ndavedlanzildlunszurunisilsndanudutugs Juwilduniaginlieyniaveslansd
i " v = o -
vualvg uarlvgininsldansazareinfevedlaneNianas [31,32]

2. M5l (Drying)

n‘-‘] o a g b 24 at 1 o an o d
ﬂ']'i'i%L'VIEJLW@ﬂ'W'i]ﬂ'Li'lE]’E]ﬂf\]WﬂiﬂiﬂﬁiﬁﬁﬂﬂtiﬂﬂﬁﬂiﬂﬂiﬂEJ‘V]']ﬂ'ﬁBU‘VI 100 24AN

= ) a = < = a da @
\walwed Uszun 24 "U'JIJJQ ﬂgLﬂ@Nﬁﬂ"UU'\@Laﬂ‘U@QLﬂﬁ@“ﬂaQIﬁﬁg'ﬂgLﬂqgﬂﬂwN?3W'§usﬂa\3 "7

Y q

i
s LY

5843V “fumaumiﬁﬂﬁuﬁaﬁmmﬁﬁmm"mw'amsﬂixmacﬁ’waJ'Iamuuﬁuﬁmmmsmi
3] winvhlduisesnadiqindeveslansdulvaazgnindeudroiunanining silinis
nszneivatlansuuiisesuiamaliadiane uidviuiiegissangagvinlflaned nee
nszaefadisaiianauuiisesty adudnsefiseid dafunissemelddninagans
EJth'nmL%ﬂﬁ*ﬁgumaumsﬁﬂﬁuﬁﬁaL?Ju%y'umauﬁﬁﬂmuﬁ’}ﬁfgmm [31,32]

3. mMsuaadiuduniemsiadisslnsen (Calcination)

nduilumiesdndwdandasuiilides wu lesouuin/lessuaviiliiades
wavanssemeldieiduadulundaifianisaaiefmuarindelangnaedudulanyeonled
vielaneBasinizuusnsuuewsasiu Tashlumsidengamgifldwnduiuegfusiinues
Taneiduanaidel §isen iauﬁqqquﬁmaqm%wﬁnie& (Reactor) gaumgiildlunisiunty

[
@ aaa

Tuegiveilalansiduiiseujisenavazinadonnundusniunasauinvodiniseujise

a a ot |

8/ 14 d a ! =1 ° 44 =
sdldoaumgiguivlvilleansumgiasedssinsafidiuileuniafianisiudiet g

9 Y

3D

o
o e

71057 suniaflaasfivualvg gnguiuaseravitlvansuseneuunaiaanedala dauu 3

'
o ]

mslgamgiidnitgaumginsaaisfuesarsusznouiinesnis uigumnliildfnisge
wodlgyliiAnanmnsEuiureInsTINsvesndn (Incipient sintering) widaslaliiAn
nsssveRdnsuineinanudeuiiunniiuly (Excessive sintering) T981inn155usa
(Sintering) As¥iliiuiian (Surface area) anas vwilnavivlifuiiRaiteslluAnufAzen
(Active site) amas uareaduauwsueanisdndnnisuns (Diffusional limitation) w31z
muﬂmﬂaagwquﬁﬁﬂaq (33]

4. M53andu (Reduction)

Humavihugisensdnduiigumagiiae levinnisidaeendiausenainasissufizen
foglusuvedlavvaanled Tnsnmsruuialslasauiieliiinmsidndusondiaussnunlugy
yavansUsenousaniys Wy sandraslsd (Oxychloride) fildannsavadlangaaslsdiiior

= = L3
Tilangoanludidvuglegluannvadangdasyauysal (33]
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2.7 AnseUGneen
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a aan 1Y o 1 aaa I~ 1 a aaa i vod 2
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UiRsoimiseujisensesfivsmnamiuuasdinuanTiiieunowsueiu

2.7.1 ylpvasiaseufisen
27.1.1 daseufjisenentiug
fiseUizeteniius (Homogeneous catalyst) [udaisaufizeniifiigain (Phase)

t%

Wenfuansidi (Reactant) uaskandtaust (Product) ilddudoifenfuarazasegfoiu
fun fsafAsennse (Acid catalyst) uazfissUfjisenua (Base catalyst) luansazany
1 W nsedaindnludoulensenleddef Aoauaiisalunisisalfisenldfninduse
Uiseiswusuariinnnudimigdeissufatenfidesnisladne Tneaniagildlunisi
Ufisenitlalsuuss amnsonwnalnvesufitenlddondt uarhifidamidsiunisunsves
ashaulumiiswizedesnegluigneioaiu aldsrelunsuanduazantyuins
aaeivewnandndeannuiideneglunizund Wy mnufuusseinia uazgumgiives
fseufizendisalaum

Foidie Aousndussfsereenanarsssiunasnandnldonidesainogluignin
Weafu 33nsiilddulvgfenisatanionisndudieivinazate wazaimsntnfaise
Uisendunldlmivinlden orgnisldnuiidufisouuueniusduninfissufizen
LSS uasvd umeumsLene AR ilIsnsiamsuresdenariass e ind
fnaanesviedeanmluanmeilinusounionudu (32]

2.7.1.2 fuseUfjizenidonus

fi3aUAASETIoWUS (Heterogeneous catalyst) WufssUfA3enfifiigaiauanan
qmﬂmiﬁu'aﬁuua:m'ﬁvmﬁ’mg‘jﬁ%a’m%aluﬂm‘f}uLﬁalﬁmﬁ’uuazwamﬁmﬁmﬂmam‘ﬁa Fials
wWiiseilnTiowus wu lavwsasdlelan Wumy  Fussufisorsdadlonalnnsgadu

(Adsorption) wagn1sABdy (Desorption) lnedavilAsenavgnaaduuuiuivesiiigs]
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1 8/
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ASeudaiunusiutiud  (Active site) waziinufisenandniiiintugna1eeenain

o @l ¢

Funmisiuudiielfiruiisoudungaduuuiuiauduinujitodeld  uazdise

o v

Aeiadesimnuanusalumsgaduansiiulaf uigadunaninlatdes  Taedaiss

e
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o a ) v oo aaa a v P~
ansaldlaluannzfigungiivazanudugeld disefazeiengnisldaunerium
o ) M v Ay oA gy aaa = o @ '
annsanduanidlvdlaie widdedefeldannzveslfitoguaziidywiiginunisuns
ﬂl:: L% a 1 - aa A o A 1 ot
gosansisdulumiusfiseniiesanegluigniafiuanansu [32]
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2.7.1.2.1 dusswfnsenvileidisesiu (Supported metal)

2
o =l

s?hL'ﬁaﬂﬁﬁ%mﬂﬁmﬁﬁ'ﬁaa%’uﬁaaﬁﬂwnauﬁﬁwﬁmﬁ fatl

1. a19439Ufjisen (Active species)

Duansivimihiidau§izen %Gﬁ?LidUﬁﬁ%&l’l@’ﬁlﬂ'ﬁ&:ﬂaﬂﬂﬁ’mmiL‘jﬂﬂﬁﬁ%mL‘Vl"l‘lfu
winsdiftansiaufizeisaunedelituiiiod wxlleulidfindovarsissfisovud
5995V [34]

2. $715995U (Support)

dé‘i‘n’ N ) o/ ot a

o afd “= JJJ c}a 4
sinvnfuansifisnagnuasdiiuniags mihfindnvewinsassuaenIsRUNUNELN
a13Lsugiasen vonanifluunnsdaefidunssentusninaiisesiukaganaiiaufitend
anethilumahuazengstiu Teehlvandenldfisesiuidesuasiviiufisenla &7
o =l Aa < . . e
soe¥uanteglusivoadin wions Insniedldlugnamnssufe ALO; (Alumina), SO, (Silica)
as v @ = ar o A 1 o aaa wa A

war carbon ssoriuidudnaduniiidenasonuansalun1sinuiiGe) laenueanUadi
o w ) W AP A =l sien) o
d1ftyvearisosdude INuARLT (Surface area) wagUsunsgngu (Pore volume) gunsne
1 q} au a v L e 1 GI OI
Pruifiupuasalunmsgedutaznisnizaedivadlanglifuazdunsisedelaneiii
(34]

3. Insluwas (Promoter)

Duansiladldvhmiiswiatolaeass ssdudridluvinainiaslurueinsou
fssufAzeuiet s iisevhmthilantu nisduunyilaveaiaisaiizen [34]

fofvasiissfisevedansaiiniifinsety

2 w1 aaa = o 4 = & v [

1. Wwshiswfftoriiannsadamaiemisuiuldirsuasyaonsie
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& = @ = s ] aaa o ! 1 € =
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2.8 N5QAYU
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2.8.1 N13QATUNIINIBAIN
nsgAdunIeNIeAm (Physical adsorption %3 Physisorption) 81ABUsIAIRANIN

Tnfegegauy Seniussumesnnad (Van der Waals) viswuselelasiau (Hydrogen
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= 1 a W o = i = ]
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q Y

2.8.2 nsgadunnaniuall

nmsgadumaniinisgaduniaai (Chemical adsorption %38 Chemisorption)
LﬁmﬁuLﬁaﬁ’;gﬂ@m%’Uﬁmﬁﬁ%mmﬁﬁ’u yilArMsasuLaaaiiandgngaduiiy fe
fimsvhansussBamietsewiniezneniaynauaneui wifinssadesozneutulvillagd
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M1919% 2.1 n1sgadumaaiilagnanien [35]
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2.10 Lﬂéaeﬂﬁniﬂi (Reactor)
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H,C-OCOR' o ROSOR' H,C-OH

HCIJ-OCOR" + 3 ROH RO(_EOR“ + HC|3~OH

H,C-OCOR™ ROCOR™ H,C-OH
triglyceride alcohol mixture of alkyl esters  glycerol
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waldea Wuian 2 4alus Fandnsusilelnsuinligninndnuandisemeia CHNS
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Sumstiserserinasesiuauiuiusuaslansiuss fafumigsufAten Rb-k/AC-HCL
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MMTELEaEINNTIATIEiNasIELASgila XRD AAS TPR TPD-NH, SEM TEM surface
area and pore size distribution measurements waginn1snseanemaeslavenauiuss
fewanns N,O decomposition Taanan1saasgsinae XRD wuinianizuaniwinuesneayl
Wedeenled uasiinsnszaesiiddleinisfulanedous 5% Tuld Wefinsifulansly
Wehdudintuituiiiaves sussiidolanzaziiunliiiianas tazilodifise jizen
Tanzrauwasuusnsnsiuazgiiunniss Ujiselelastudulunisiasunsaagainluidu
unuuMLalakaAlaunudl ANuaN1salunIsiss Uﬁﬁ%ﬂﬂ%uagjﬁuiﬂsaa‘%ﬁal,l,asmsﬂizma

o

shasdlarzreuilasuusnsessuavaiiun Invitaulunisiiy laneaatilas 5% Uuia5845U

U

1
o L3 =

Judeuliirfigalunisisaljisendmuiniloigisends ndadas  Aeunuunana
Tsuanlauia 87% LLa:iﬁﬂ']‘iL‘lJazUULLUaQ‘HaQﬂimLﬁgﬁﬁﬂﬁﬁ 98%

X. Jin wagAay [58] muﬁ%’aﬁﬁnmmamawﬁmmiLﬂﬁLLasé’mﬁehuﬁ‘l%’nsséju’l,unﬁ
wSsnauiuuRananiume K,CO3 way KOH (ansazane 40%) lneudluansaranedy

nan 16 Falus ndwinsensueuluwduiionmgll 500-900 esrwaldea Wuian 20-50

=

wi auuduafignnsgdunaaiigniiunfnwaud@memaia BET lodine number 970

Y

o ¢l L4 1S

= U U L= A = =
NITANYINUIINUNNNUANYNNTEAUNIEY K,CO5 gnu 800 aiAgaltud Wuaan 50

U 9
s v
q

wifiiiuseansnmlunisgaduwiiaduuguazlolefiuunnnitauiuduingnnszduaie KOH
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P < = ar = = o ] o o
fannzeulufviudsninfegamagiininniy 600 ssmiwaildea CO awgnidnesniy

AL AU FALAEIWIULWILNNTU

o & aa = a o o ! o as ¢l
A151efl 2.4 NuAIRg vwingngu Uinanisgaduiiiaduug leleAuvesdiuduiudiign

nsLAUNIANAL
Chemical  Sgr  Non-microporous Pore diameter Methylene blue lodine %Yield
agents  (m/g)  suface (mSg  (nm) (mL/0.L 9 (m'/g)
K,CO, 1104 417 2 10.6 1310 19.8
KOH 917 213 25 9.6 1180 18.7

N. Numwong wazmne [59] n1susuussamamlulefiwalagyinujiserwiiiea
lelassuduaiiaedmosnsnlufuliduindedou (FAMEs) AlFanthiurduiiiiunisyi
Ufiseiusisalisen Pd/C fn3enlagBns incipient wetness impregnation (IWI) 1l
Anwnavesrdafsosiumsuay (erunuduiuazarsuounalslan) WAZIUIATDIFITRITY
MssUfAsen Pd/C Anwaaaudidasesuinselaeldmneaila XRD, BET, FE-SEM, TEM uay
CO-chemisorption Han53sunUIaTe93y Pd Aunndsiuszilassaiagnguiiunnsnaiu
LARIALUAINLANGAIIURITUINRUATA P WAYNIINTERIUAVRY Pd AURUSAUATS
Anujiselelnsiudy uenainil vunouniadasessuiuiuiuiiinadenuannsalunis
ssUiisenvesiaseiisen Tneflemannsalunsiseufiizendad Pd/<40 um > Pd /850
pum > Pd/granule

S.Y. Chen wagatuy [60] Ufisewsifualelastiuduirniuddululefina (BDF) vy
FL3aUfi5e1 PA/SBA-15 0.5wt% WAy Pd/Zr-SBA-15 0.5wi% laeldiaTeaufnsaluuy
fixed-bed Tigauugil 100 sernealoauas 0.3 MPa melsussennia H, WewTeufisuiu
MLSIUHN81% Pd/g-ALO; Tuilewdlae annnan1snaaeewuIMIsIUfizen Pd/SBA-15
0.5wt% fifinsnszanesiiues Pd gjaLLasMiLm%ﬂismwm‘[uLaqa%m%whugwqmimégu
Wlknsiinufiseuasanudnmzlulisemisidealslasiiuduves polyunsaturated
fatty acid methyl esters (FAME) udauuszneuiilsiiafiosues BDF ntsiutndaluifu
cis-mono-unsaturated FAME fifllafissniwsonsiineandinduuasananiifnuniunis
Inafigungimadinlilisndudouinansiusyyadasslunansafuduiisaufisen
Pd/Zr-SBA-15  0.5wt%  71fl acidic sites  1usgrmnuazUrunandlianuannsaly
selectivity Uil cis-mono-unsaturated FAME i AseUfA3en 0.5 wt%Pd/g-ALOs Tu

e vOinnsiasu polyunsaturated  FAME  kagA21u@1113atun15488n cis-mono-



a6

unsaturated FAME # Lilasannmsnszaeives Pd Tdlifuaznsunsvedluanariiugwy
4
S.M. Yakout uazan [61] Havesmudutuvesarsiadfilinsedudelassaiiagnyu
warvaudRimaaiiiufimusutuddldnndiaugneniinseduiensaneaneinifauidudy
(60 wit%, 70 wit% uar 80 wi%) iilefnwinisidsuwlawnavesiietainiunis
impregnation  wagA1susululedu waznszurunisans laeaudududgninaesilaeld
waila N, adsorbtion 7 77 K wena i fraction dimention (D) gﬂﬁwmmﬁaﬁwumaqm
puvsszrasiuladusutus Inenmaudifmnzaufedwuiusiudfidiunisnseduse
] 0.6
3 -1
cm'g

2.14 WwANALAZIASD9LIn

2.14.1 Anwdngiudnen (Morphology) faendesganssAldidnasaunuudes
N51% (Scanning Electron Microscope, SEM)

Scanning Electron Microscope (SEM) Lﬁuﬂﬁaaﬁ;amsﬁﬁﬁlﬁﬂmiauﬁﬁﬁ’iﬁwEJ’WEJ‘I;J'
gaiifuiAdos TEM (130e SEM Hfrdsensgedauszana 10 uiluns) n1sadraniwsinle
Tnemsnnaindidnasouiiazyiouainiiufiaiives degeiinisdise danmdldain
309 SEM Hawifundnumrves 3 Gf duiuiedos SEM agnuinunlilunisAnundugu
wars1tanatesdnunrNuiiveshogs Wy dnvugiuiduuenvaaiedeuarivad
widnvedlanzuazTae 1udiu [62]

2.14.1.1 wdnmviundesganssAldianasauLuudansia

@ o = 1 U] a a e =t o v a a
NANNITNIIUVDIATDI SEM  98UsENaumIakiadntuaaa AT ugavInnuIneNan

a & =1

aidnasewiietouliuszuu Tnenqudidnaseuiildonuuasininazgnissigauiulnii

a o« 1

nndungudidnaseuvziuaudsiusnisd (condenser  lens) ivevilingudidnasou
nanetduddidnaseu Fsd@unsauuliruevesddidnaseulvngniadnlaniuasinis win
v e @ s Yo a @ - =] @ 3 o a & o

aoamsnmiitiaueudnazUsulnddidnaseulivunaidn vainiuddidnaseuavgnuiu

o ¢ s i 5 = qy :Jy = o o
vogliialngiaudlnding (objective lens) asluuuiiBunuidesnsdineg wisaind

v '
a <f

BlinnTaugNNIINAIUUIUNUILTI IMARBENAsoUN el (secondary electron) Fuda
[¥] a o = nalll LY [ [ a o a I3
yaandidnaseunisglidasgniuin warudasluiludygrumadidnnseiinduas gn
i lvasradunmuuasinsierinelUuazaiuisatuiinnawannuninvensviadlaiae
ndewanssAldidnaseunuudensefifuiidadudidnasouwnunas lnsduriia

didnessugnaseannsiienszualiiigunvaainiaainy vldianaseungaeenain
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g = A = k2 I dl s s
99870 MNUUBIENAsauTivgresnuazgnauanfirneaelfauLwivan Faerdendnns
- a I o a | € ° Vo a —
nsiaeauuresBdnaseuluaunulminusenilendnaududwinyiliddidnasoulgugd
P 9 i a w aa a | o o o
FdIuInTENUAUTUIUY LAASUATATE1U09BLANATIURDTUINUNETBLUL LTDI2710EN
Bidnmseudlannsenudunuiindsaugs ilididnaseunivgreenaintuauiivaesy v
W wusledu
UszLnnvaddlannsau
a a a & a d < 3
1. 8iénnseuniiendl (Secondary electron) iuBidnaseuinvgaoenainduuaunis

[

1
1 (Conduction band) wSeuauwaaulaud (Valance band) Fslsidaslindanuas
13 9/ 1
mmmwqmaaﬂmﬂm%umulmma UNASISENINBANATeUDATE Feeivnandenu 10 Ae
a & ¢ a & g o a a & a P ° w
50 3LAnnsaullan dLANATaUTNANLITIUNITAS 19N INAUSIIUNURIVDITUINUAINTU

né’adqamiﬁﬁﬁLﬁﬂm‘iammueiaaﬂﬁﬂ (SEM)
a d a o & a & ad
2. ANATIULVUNTZLRINAY (Back scattered electron) LUUBLANATOUNLARIINNIT

a d

& o aa o A Y v W 2 - |
1 ddidneseulguginudivuiuina lnsamdenasuliiveraeulufusuiesuisdiu
LELAANsNSERNAUENIIIINTUNIY Fendeuvedianasousiadazdnfuand e
vosdidnaseulgugiilyaufimdsudidnasounisgll mwdsusnsginsuidnauuntiuay
) o g 3 & v & a d a A v
JuiulavuiasznauvasniluasAlsenauluiiuay dusidnaseusiiaiisaiuisald
A3 IMTLEAIAINUANANURIEIA LA LaeuanilugUiuuTaenuda LAYAINATNUDININ
o a X | o = '3 @ P L3 a
ninuluwsazuiinu TlunisiiessinisnseaieiivessigiidussAusenauluduiu
v ¢ o ~ ' =3 ol aA & a P a -

3. Sediand (X-ray) iumduudmanininiinniugadugu Iaudge Hnnnisi
0 a a [ a 1 & o Va o v o 1 Vs
adinasaunaINUgNNdIrUTLNY imrsanaseulusgauiulaasiieg (K, L M, ..) lasu
WANULINNBIUNAREBNAINLARS WdIBLEnAsauRInTUlARsanlU I vilAdnag
UanUdosssdiendennun aiunasuvesfidiendiidesoenuidausadiluiasigin
paRUsEnauveIsIgivisludegunmiayUsina TnsAmasnuiaziiuiuavernouvessis
= Yo v v oo € a § v W 1Y fa &
FeagleviTasediond (EDS) lumsiipswvideyausenouiu naesganssmididnasauluy

d09n319 (SEM) [63]
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elactron
beam

10A Auger electrons

50-500 A secondary electrons

secondary fluorescence
by continuum and
characteristic x-rays

&g
i Ji
i

v

Ul 2.14 Ussinvuesdidnaseu [64]

2.16.1.2 S¥UUNSIATIEA

1. 5¥UU High Vacuum Mode a¢lvisngazidengs idswensgs nmaudns lae
freditansainszilddaniingy lifauiu wnfedaslitlvi sxdesaunsa
indounasiteasuauld Tndldvinansdnunsinfogeiidesnsiasieivagou

2. 5¥UU Variable Pressure Mode al#muazidandion dwwenum lnadiotnedo
Lifirnuau or1alideuhlihsls lddedinsindouiafetemenewisenisuoy

2.14.1.3 83RUsENaUnaBIanssAldiinasauLUUEeINTIn

AUl TzNOUYRINADIFANTIAUBLANATAULUUADINTIA LLamﬁquﬁ 2.15 uazd
ehuUixﬂaUﬁwﬁ’muaq"l,uviaqiym’lmﬁimwﬂ'}ﬂ'maamuﬂssﬂauLwiazé'uﬁiwaam‘é’amﬁsﬁ

1. wastiinddnasounuuiiudidnnseu (Electron eun) tnevialuldunaaiaainu
5&5nmﬁauﬁlﬂunﬁaaqamsﬂﬁ%Lﬁnmauuwaaqmmﬁa&ﬁﬂmauﬁnsm%aﬂé’waz
didnasauvRand

2. 1audsauuas (Condenser lens) vimiinfidesulisidnneudvuiauazauidudy
wanzauiufegilildnmidnauiigaiifdmeedioms nsanvunnvesddidnasou
ePeLiLvLAUDITa ey

3. ynaandmsun1Ideens1a (Scanning Coil) ¥mthiitsduldidnmseundeouiily
LLAUBULAYLNUR AUUSTUIUTDIRIDEN

4. 1auding (Objective Lens) Huaudiimilasdnasouinnmdudu ende
sruneaunliwazauuudvan aunsoUudsuidweseanuaudavesniwld Taenns
UuUSinanseualwiiluveaausmdnlnia wieldiinnsdsunlasmumuuiueeady

WSILLLMAN
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ot U a at A as = g
. fnsaaindiannsau (Detector) Auddsudyarudidnaseuliludyarali

oo

= o

5
windganunmlaensitudygrausazgaaniaedianaseuusingiliunmuusenn

electron gun

| clectron beam

IJ (3 14 fa 1
JUM 2.15 psAdszneuraIndetansiaididnasouluudensin [65]

2.14.1.4 NTHSHUADETY
< o a ¢ o ' v & ~ a e -

LATD4 SEM au130niIn1TinsIeinaaauiagndlanawuureduds wuung Hdundeu
fothanedinim dednneTaguasdidnnssiind Usiafediafidesniouiioriinis
a € [ T | @ v I [ [ = 1 2/ =
AaT1e mnduuuure Toisadnteawindu ndureauds mswisuuiegatey 2 By
wolasiuanuilanainnsiimediudeniy laellvuialiiu 3 gnuiAdudians (Huua

a1 - @ ' ' a a1 [ "

Wdnvgindt psandieg1asansaaIemdidnaseuaans1alaandl Jeaiunis Charging

1 as 1 =l aa '-f < s [l & ) [ v
effects dauipgnamiTinmniuluesAuseney WualiaAewinis Dehydrate g

Ethanol %38 Acetone wfiew wagspaliuwnalitiu 5 anuiAnladiuns

2.14.2 @nwraudundn (Crystallinity) druwmadianisiaeuuveeadildnasd
(X-ray Diffraction, XRD)

2.14.2.1 MANNISIMATANISIAINUUTDISIADNYLSE

s o

VANNITYNIUTDAATOIASIEINISIABUUTIEENTG  AnelueTeadiAs1einng

] 4

& v & o o a o =g e & = ' o
LRYILUUIIALDNTY UTenaunle waaﬂmmm&amﬂwLUwaamﬂmazaqmaimamw

v o & 4 i

ana Fassddndazgnainsulaglvinsrualiuniiduaiaanuwi (Filament) fing
[

neluvasanidafaddndvinliduaindouiunasneliinnisuanUassdidnnsausanain

(g
s L3

duaIndiinaseuwmaiiaggnismienuadnggs inliiadeunidasainuigeanidu
= cd @ & 1 & <t & o a < a1 v
ananuuinitutaualnadsutiueluaddlaemlvinlaneneunadidnaseunined

guapilisidnasauasluagn (K-shell) vasoznaunounman oonluuinifudesinedu (Ju

=l 1

Va & s a o s s =
NALDLENATOUIIUDNN gon U1 (L- waz M-shell) 1NANISIUAYUTEAUNGINIUAIUILNUN
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=b

L4

denluusenanasietiazgnaseduimegunsainsaduisdiing (Detector)

[

o as

wadadnesoanunsndursawmatansiaeUUYessEE naLsadumnaiafun $ed

2 ¢ [ P da s Y ' ° [ - P ar
Wnduldiiasgarsuszneuinegluarsdieduasihunld@nwiseazid saineliu

s

1AS9AF19HANY9E15A0E1e WATANTITIALUUYRIS A NYLIsanfandnni1suadnisaesed

]

=] ea < o o v a & o o e I (¥ =l v oW
WOngNNsIUANNETIAaULUNTENUTUU Vl'fLWLﬂﬂﬂ']‘iLaEJ’JLUU“U@\TNﬁVIlJlIF]’N"]ﬂiﬂﬂﬁm‘lﬁ’ﬂﬂ

1= o e Y = & o o @ € & " as I3 o
Wunsulaya LUE]\?EJ\?M'TIUﬂ’]ﬁLaEJ']L‘Uu’Uaﬂ'ﬁﬁﬁLaﬂ‘ﬁﬂz’UUBqﬂ‘UENﬂﬂigﬂBULLESIﬂiqaiqﬂwa\‘]

U

]
s |

= = » ﬂil ol =f 1 - IJ |l s 1
arshilegludegradeyanlaiuisaunsnvvenyilavesansuseneuniegluaisiiegsuay
‘ﬂ’agaﬁlﬁmnmﬁmﬁxﬁ“’aﬂ uwmATANSIALIULYeIT A ne s lavansuiln lawn vuie
HAN SE9LMeTENINSEUU (D-spacing) UealAssad1andn Ysiuaudundn AANYTN]
VBIKAN W1 HWBsIATINEN (Lattice parameter) NsanLSuaUINaAnlazANULATeA (Strain)

oy € 12 d 1 = 2 0 1 1 =l
Tuiduualaedeyainadnunamnsaianeilaan dumiaazguinsvesiia 9naun1snig

ATUINTEEEVNNTENINTEUIY (D-spacing) URINANAILNLYBILUSA (Bragg's Law) [66,67]

2.14.2.2 nuakuInn
v - v & =l o A
1ASIA 1NN UTYNDUARBTUNI DS YUIUTDIDEABUNEILS DAL YIDUATUNANNSENULA
1 ot v gj yu dl d v L] L7 1
Tnpyuannsgnuwnivyuasiou MelddndungnasyiouasnuInINTEUIUAI AInaI9eil

v = = 1 d J 1 =
AIULUUEN (LNAINNITUNTNABDALUULATU) AR OLEAINULANAINTERINTLELLAUNIS (Path

P 1y

. - s P [ = v oa @) ] ]
difference) ‘UBQﬂﬁHWﬂﬂﬁSW@UQWﬂiSU’]UIﬂ°]ﬂUi%‘Lﬂ‘U‘W@Q’UNLﬂENﬂ‘LJﬁJﬂ’]LUu‘\NU’JUWI']“UEN

Y

ANNEMIAAUNANNSENU ATUIUANNALNIGTN 2.6
2du sint-=nB (2.5)

Mo O wuiefs ANNeAAUYeesIdlend
N MUEas aeunNIsaLNou
Ay VIHNBE SEEEWNTENINIZUIU

0 veie YuANNsEULAzyNasoullein

LY

AN

v aa L3

A = ] 1) a da 2 i
WD dh ADTTHEWNTEWINTLUIVVDILANNTNUAYUNALEDT (Miller Indices) D9

AINBUITEUIUNMN

€ e o wa & § d

P = ci/ w o aa
s¥uU hkl laefmalianisiaeuusdiondazenduansadiand (X-ray Beam) AR08
pawlu A arnunasiiilanssuiuiuedou ansdeauutu enuduvesdfdaideau
senuntuazgninutuiinluguvesiliiduresunisiieaiuy (Diffracted Angle, 8) Tapaau

uvesdtyeyra (Intensity) fzdiAlidugudimuveansideavuduluaiy Brage’s Law
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: BRAGG'S LAW N
J
5 \ nA = 2dsinf o

A 5 s =t
JUT 2.16 n1advnuueesiadidndlundn [68]

2.14.23 MISHSUURAI08NY
1. asfegaiilunsszdesfuuinoyniaUszann 40 luaseu wisualiiiaay
a = a o v ' & ) ) W |

azidgnuniign lneusunnsaslilunisvaasusensaseanm 1 - 2 nfu dnansdogia

| @ | v g v ¢ v w ' v Po| Vala | A
Tuvauldimegnuailvnsyanaladnadasiet e iiimihnseuianans

2. frogeiduvoaudansofduuisasdasdivung N9 x 877 x Wi LAy 10x10x2
o 2w v oo oa = - % [ T of ' v w |
fadwasuasldaunirniFeunaalunisitasvileglimdladefafmegrndidunguld
fDLN

v EJ - ﬂil v = [
2.14.24 msUszenaldieseviiasginisiignunisdiang
1. Msdasesilaseadiandnluarsiediaiisuivgiuteyan1nsgiu (Phase

= a 1

analysis) jUwuunsideauuididndueunaniundnesl  dnvaizuandeiuiuiunns

1%
=l

Sadusvesosnannisly  wdn daiuSeaunsoldifusiuenldinansinegieiu
Usenaumenanvialatniaziilassairadunuula

2. MFIASIERBIAUSENOUATTAI0ELULANUS A (Quantitative analysis) A3
Wuresiiansiasnuusididndondudfiulsiu - auusuaeeanaifundnangluans
fhote faiude aunseldeaanduvesiesaumuiinueardesd Ussnousiedlu
aseenele

3. MTIATIEVVUIAVRINEN (Crystallite  size)  WAE AINUATEATEAULANIA
(Microstrain) Anuni1svesianisidoruudadidndilunaiiios tnandosdlowasdnuas
NNNBATNYDIATTAIBEN LAlA ATUATEATANTIA TOUNNIBIVBINENLALUUIAVEY AIDEN
ST saAU A ARE NLAT A LLAT R qamﬂmnmmmi’wwmﬁﬁmngmmu

Ssdendle
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gnAuduRuSaNnTs BET Wendomnsmszuing WIP/P) -11 fu P/P, atld

P ) a o o o
NTMLEURATY AauaaslunIg 3 Aty (slope, s) ASENNTS

C-1

D 2N\

W.C

waLIARALAY v (y-intercept, 1) AeaUNTT ;

I
i =
W C
BET piot for & low surface area alpha-alumina determined on the Cemind 2360
20
18 &V 1A NE ™ A R R SR R T """f;_,
o A1 A s e Braar 1 Pt R AE P
16 A
ST LR DI B TP I P - - /’(: P T
1.4 -
5\\ SRR S E . - - R L £ - wdn -
12 P
& 10 A
énz (L
= 06 ,./’”
04 &
0.2
EESES Sy Y P, TECEGRSE Jpoee SReiiigk ol ST gae _p eSS
u‘%m 002 004 006 008 0.0 012 0.4 016 018 020 022
PP
0

(2.T)

(2.8)

q' @/ L 1 - o 61 o e o a u (3
EU‘H 2.19 ﬂ3'1Wﬂ?ﬂﬂﬁuwu‘éﬁﬁﬁ’ﬂﬂﬂ‘ihﬂmﬂaﬁLLﬂﬁWQﬂQWHUﬂ‘Uﬂ?WNﬂUﬁQJ‘W'ﬂﬁ [72]

Uunavesfalulasiouigngaduvuiivesiagludnvausiiluluanatudies (W)
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It 4‘[ o s o o !
WUNNIVWNEUDIIER) AuIlaeLn Wi wuATluaNnIS

W NA

S _ n [
e (2.10)

- - & da ) ' &
We Sy MUNERY WUNRITDIER (MUEdUnITIINag)
= 23 ' 1
N wede  avelineles (6.023 x 107) (mbheiduluanasielua)

M wnefie dminluanaveuialulasiau (28 niunelua)

as

A, vanetia funnihdsvedaianaveuialulasiaungnandu

LY U

(16.2x10'23) (ruedumTauns)

[
a

i ay v oA v a ) P w o v v A & °
A1 S NlAlamsnlgUsuiaesiisdnidagiilinegeu (w) szlaawuniigniwiy

whodussaunssansy

(2.11)

USHIRTINTUIIM (V) waganagnuade () vesianmuinlaainainuduiusves

AUNTIIAIT
Peoseed
4 ¥ (2.12)
S Y
i (2.13)

s

A = = & ﬁl -
e W, i USunuweaiialulasiauignanduuuiin

YU

YoeTanfiANAUINNS (P/P,) ~ 1

R vungda Anuvuikduvedwialulasiauign
L7 - s A L")

AATUUURIYBITaRNIANNALUENTS (P/P,) =~ 1

&

2 '
=

S, vaei Wuiiiavesiannnaasule

s

lunsveaaumBATodATITRvLIANUNRIT I IsLar USRS IHTY Tdeadd miy

] [ ]
[ Y 1 =l

Tdfa0819 (Sample cell) 913U 2 1@ WwaanilausIRTanmet1afifean1snaaeuUNuiHT

L3

o | = 1o ) 1 1o v A a v v 3
'ﬂ']LW"]SE’VJUBﬂL‘UﬂﬂﬁLﬁjﬂﬂﬂjﬁﬂ'\qLLWW'TVTU']WL{{JULWaa@'NB\TﬂQUH']“JVIﬂa?JUW@QIWﬂ’)’]ﬂi@u
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vasTansiedn Mntuvlvilwadnsasslugyginia welnnuluwadliiluanavesia

yindunouuwadvs 2 adunmvurivssglulasinumaiieiadivasseglunisgumad

i Mt usialulasiudunlugads 2 Tnswfalulasuidanlueadniiiansieeng
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1 ar s < o =

< ¢ <l I @ o - 7 = -
Tuvauznwaanlaiifanmedimuiurewialulnsiauazasi (Py) Jeyaniasosiuiinuadie

at o ]

1 e o L - & A at 5
ArANUAUENINS (P/P,) wazUSunawesuialulasiauiigngadu (W) Taedagiieteaintu

q

A 1 23 2 =l 1 s g (3 s ¥
Lﬂ?@ﬂf\)z'ﬂﬂaﬂLLﬂﬂlUIﬁliL?\}‘LIL‘UWM’IBﬂL‘UULaEJ?ﬂUﬂNLLiﬂLLEi%ﬁLLﬂﬁVLUIFﬁLT\]uQﬂﬁﬂ"ﬁU"{IUﬂ’NQJ@u

as 1

PP = -1 o s salala 1 1 1 a
pananduguiiaunsensanusunieluwasniiandiegnslianas (P/P, = 1) wansinldiina

L]

L7 & U 2/ 1 L7 s -7 = (14 d
nmsaaduuialulasiaudnuds andeyarianuiuduivsuazUsinarewuialulasiauigngs

@t 1 4 B o I dlll da
?J‘Uﬁ‘lﬂLﬂiﬂﬂwqﬂqﬁﬂigu'ﬁawﬂiﬂﬂﬂl“ﬁﬂ‘iLLﬂiiJW]ﬂJﬁiJﬂTi’Uaﬁ BET LLﬁ@]\?Nﬁ@ﬂﬂN?LiUﬂWWH‘WN'J

TumzuarUSnInTUeIgHIu

2.14.4 Anwrngdflendu (Functional  group) AreinatiaWiFesnsiunasy
dunsusaauningalnl (Fourier Transform Infrared Spectroscopy, FTIR)
2 as as las = (! @ ] = o/
glinannisnTzanelasvaanaiun LS ELman Wi lutisveBunssaulan
o @ v = - Y < = o ;
MNTinAIAMNLLALUIsUBUAUANEIARUNIBIaUAAY (Frequency - Domain
P v ) | o ) v ) P
Spectrum) @sfaglneanunduaiunady urdwsu FT-R agldnisiaanududuiasianing
a @ ' _— = = o h 4 7]
g1IAauA1e 9 Nusdedallieaieuiiauiuia (Time - Domain Spectrum) 31nUULYN
o v o o Y] | - - = a €
Wasuliluawnesuvesnnuiduve siatdaniugindunislavaaulnen1syise sy

=l

A
wWasumenauunesnaglieanunluaunasunizesnsunesuiinisdardaglinsinsen
~ g a X w & a dad w & v aa = A '
fiausIiNIUnTaNIALaBuanATume IneiluTidaunsisaininge Afued
1 a ey = = = d‘ =y =
5¥MI19 0.78 Tadums 63 1,000 fiaduns visedl Wave Number 91 12,500 1wuRuns 64 5
= a 1 o/ U Al 1 ql' d o 1 1 _a
iUl dnYavadnainesisd@dursiian oonitu 3 Pasdadisdneusasdiuningisi

nuaninsalnUaglving 919n153aseinlannaiy fe [73-75)

1. 93lnddunstsa (Near Infrared Region Wavenumber, NIR) 12,500-4,000 cm’
Dutefiaglfaunaduiildan Tonesinu (Overtone Band)
2. 929lnadunsen (Middle Infrared Region Wavenumber, MIR) 4,000-400 '’

Wurantisuldlunisieeiiomintduselevdlauinlunisimsien

'
s

3. Far Infrared Region Wavenumber (FIR) 400 - 5 cm” awnasudildasifunisdu

[ '
& a =

munuredlasiasisluananiaisend Yuateiuniisilevesas (Fingerprint Region) @il

o

UselowulunisidSeulisuans o910 anaRundailievesansineduaslvaunasui

b

Widlauiu
2.14.6.1 peRUsznoulASeq
1. wasiidaawed wslduanawaslunmsusussesaas Mobile Mirror
2. nszaniAdasui (Mobile Miror) unszanuilaiunsoasiousedsunssauay

annsofaziedouiile
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3. ﬂ‘i:‘,ﬂﬂﬁlgjﬁuﬁ (Fixed Mirror)  funszanndianunsoasiousaddumsuse
Wuieaiunszaniadeud (Mobile Mirror) uldanunsafiaziadoudild

4. fuenduas (Beam Splitter) Wudrufivgyhnsuondunsusafiiudu iy
asduAnannsnliuameariule 50 % uavagagviaunau 50 %

5. Tululasinned (Monochromator) iunsranunfianunsaasvoussddunssald
Tunistlefuiirmenisiiuresdsddunssalilumuiiemnsiidosnis

6. 19319819 (Sample Compartment) Lﬁuﬁauﬁﬁ]ﬂmumimi@ Sample WlU
Wemsiased

4 o a v v = 2
7. 1A3avinuasdunssn (R Detector) T inAMUNaITNEDIINNITRANALYDY

” ""hlk He-Ne gas laser

Y

am splitter
Movable mirror
D i

gt T .

D8N

= Sample chamber

Fixed mimor

Detector

Interferometer

JUN 2.20 mmliuﬂawaqLﬂiaamiawmuwgwauwiwLimaLUﬂstaIﬂU [76]

2.14.4.2 MANNITINIU
1. WAaINNRASIADUNS T AIENINISHARNTIADUN TSR LUYIIPIILEIIAGUNSBLAY
AAUNLlTUNTIASIE

2. Beam Splitter %1 Beam Splitter %Udaa’iﬁwaqmﬂﬂﬁ Fixed Mirror 50% &
avvipunduuil Mobile Mirror 50%

3. Fixed Mirror avawiiounduundi Beam Splitter

4. Mobile Mirror 9zasvioundusnii Beam Splitter

5. BumssaTiazouIN9IN ﬂxa Mobile Mirror Wag Fixed Mirror 213500 ULAY
\Annsunsnaeaiuiuuiannnisi Mobile Miror @annsnindoufildlasnisaueuszoynis
AUt Tnotawediilo Mobile Mirror  Laasuiifiazvinlissosnianisasiounduneyed
5uUNTAVEY Mobile Mirror was Fixed Mirror laiwinfudsfasdenalissd@dunsusailad
aug1raudasulusuiineinnisunsnaeawuuiaduiuniewndneiu 1Sendn

Interferogram




B

a A a ' w P '
6. BUNSIANAIINBIAAUATY Fzdeyiaulu?l Sample  Compartment H1u
cl" =1 = = v/ 1 dl 1 - =1| ]
Sample Fagdnisganauduvsnsn rliunsdniluvanuenaiu dadursisailign
= ] 2/ 1 s 4 v ) L2 o o
aendufaziiuidig Detector dygunldnoufinmesazyiinisuuasdyain Interferogram
v X o o - a P
fe@uns Fourier Transform wafildasduaiunasu NIYANGULEIBUNTILIAVBIATNAI N
4
YIAAUANY )
2.14.4.3 Y9Av0uvAlA
w a ¢l =
1. Twansinsziasinsuaziinuligs
2. I9nTndruvasdynunedynnsuniy (Signal-to-noise ratio : s/n) 1 &3
L% s A “ s aj s 215
s/n aguUsAuRUIINRaDweIUSINMd AR IR lAYIILA
3. muhveaeIaansiataatusaudulamenisiiy s/n SaufunISIANIILIY
soUvBsALNY $n51Y Circular optical aperture wnu#l Entrance slit vinlvarsedilvuin
1INAUY Dispersive 19 75-100 1

s s

=l o o o @  as [l < = = Ady o o
4. AN LAUIZATMIUAIDY NUIBLINAUAUNINAUANNUYDITNAUBINTAILLEN

5. uenanil FTIR falviuszdnSamlumsuengesiuvaiiniugnasaldainit 0.01
-1 a o =
cm - finalnviranuidng
2.14.4.4 Jodrinvaaunaien
lunsweudtegnuinnaiaiseddarsaraiengueaulnidnegiuiariiogig
poenTEaUluteBuNT TN LaviAsosllefldilsmAsutgaasiialddnglunisinsesnw

GR

2.14.5 fnsdinaiiaenneivasnsalusiuiein (Fatty acids methyl
ester) faein3owuRalasunlnsnsf-waulessludfimanad (Gas Chromatograph-
Flame lonization Detector, GC-FID)

wiadinsieasiaiifildmeadalunisuonansnauiissmeldine Mluawsands
gaunan wazfing Tnedfnsdesdusiang (Carrier gas) fianunsauenuasansuaLINnI M
¥iladne column MWildundsansuseneuidenq mudu Tuanmeiivnzgay wavesivinans
Mat19 f7g detector AuAANURRNIENNAAL wEourerunamvdawarUSunamedans
foghaileifisufuaisuinsgiu (Standard  samples) Taedaluiffdaessuuneuiiames

[77,78]
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Sample Detection by
Flame lonization

' lon Flow &
TN
F%tfinr:gen Deor

Capillary Column

= | - o = ol 5
JUN 2.21 dudsznauimsesiialasuninsnsi-waslessludavaimnes [79]

= o
21451 wiaaudalasunlinsnsin
d & = s o 1 d (23
\w50euAalasunsnsafl (Gas Chromatograph) wannisvitauluaiuvesasonia
TasunlnsnsHodunatan1sLenoIAUSENDUYRIATTHNAY 1ABDIAEANLANAIIUD9DMT
A o ] € & ~ 2/
NsiAGUNTRILAAYRIAUTENBUVRIANSHANULWERN (Stationary phase) nnglaniswives
] P 4 o o a a a a v €
wandaun (Mobile phase) dwiulaIes GC wWamsi Ao asiagnielumadud duna
P o - wl) - o a g v 1 @ ' &
\waauN Ao WiaBEeY WeasNiaINIsAT I IuYIEweTed GC a1ssananargnildsu
n g @ o 1 (21 o 1 s
dnuznvasas (Liquid) Wunid (Gas) wagdruniavesansuanazgnniingradulay
uiadidon den1elunedutasiianisuanaisuay (Separation) Iageidun1svinuiisen
s 1 n‘ ) s L3 . 5
(Interaction) s¥wiva1sNegneluneauy (Stationary phase) wagasway MnWUluana
a o ] & € 4 . =
YodasdaneIaggnndndaulonaludfimames (Flame lonization Detector) iafnw

USunanufiawamasusinsaludunauavesitiululedwa [78]

Carrier Injector Detector

29AUSENUVDLATDILAALATUI NSNS

1. whaw (Carrier gas)

= e

ansmvimhndunianisrfedinuaudfiduuiadesdaglidadhdonisiugisen

5

(Chemically inert) Taesialufidesld Ao lulnsiou (N,) Bidsu (He) edneu (An) uav
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asuaulasenlad (CO,) uRaildiduufanazdodlidoslsonisiufAten (Chemically

inert)  #an1sidenlduianinazlivegiuriinvesdinsiainnldszvuvauianidnay

5 o e s . d o v crl L o o g d‘l’ |
Usznausednnduluana (Molecular sieve) Wivevimihmdusmdniuararsuuidoudy

109 lnensusudnsuiivednian ilasuiuaruiutesuiademuaumefiimuauwssiu
au (Pressure regulator)inlet pressure: 10-50 psi (Usganauausiumes) LaydnTL5Ives
uia (Volumetric flow) dmsuunaneauy 25-150 mL/min wazdmsuailaaiineduy 1-25
mL/min 1flevi1n15Wasuanniviednsiiivefanidiunsduinansznude
UseAnsnwaedudlunsldufanusazaiaagliiviiu Tnefufalulnsouduufan7lien
H san (LUszdvsnmeodudnniian) uivildfanmivoufanisg Snstavase
anauaufaivialilauszaniamluntsuendinueay waslalasiaunazBidenlven Hegs i
Arudvesufiadigs vildvimauenansléisiu

2. dudnansnads (Sample injection port)

Hudnildlunisdnansiegiadh reduillaemluduiidaaissiagiadiludesen

W (Inlet) finveddiliaanuiou (Heater) Annsagsnaiievinliansiegrnarailule nns

[ [
ol

Wanldeuinagld Inlet LLUU‘Lmﬁuuu"ﬁuasjﬁuaﬁﬁaaﬂw winansmeraduniainezida
Aot lUMe Gas sampling valve wnasiegradusesvailneninazld Micro
Syringe @WHWiﬁqE]EJ'wa%uummﬂ?mmi*?'i;;fmﬂmué'uﬁmmu Silicone septum 1 Injection
Port TUdsuanavasnaduy

4. aedul (Column)

- 1

Juduilduenansiegng aadutfildiusiluly GC Huilod 2 Usean fe Packed

Y

@

column wag Capillary column nasidenldreduiusazaiatusgiunnantfves asnay

Tanusaseyliegdamuidiesndy 2 wuu fis unaredudiavarlaaisnodudl
v a v o o ) Y ] a v
- uwnAPadNY (Pack columns) HUs¥neumy uiiaidey TanI85UVRILTI LAGBUAIY

L4 . . 3 o Y 1ol
fne Fiquid stationary phase lagvluiinuenivesneduuagiuszana 1.5 - 10 wWns uae

17 1 L4

= 1ol a a
b UNTUﬂUUﬂaNﬂWEﬂUBEAV} 2-4 UaaLung

- mUaan3meaud  (Capillary columns) Hdurtuaudnatsnigluyssunm 10

A
Nadiung
5. guuQiivesnedutl (Column temperature)
dmsunisvinuiwiuggungiivesnedulaziognatuauliogyin + 10 83

- GA v - | C‘Il 4’ 1 o/ < a 1
wallavenuniinld lnugaminvunraungnisiusgiuyaiianvesaisiiedns lay

UG q

[l
[} = @ 12 =

wwrpdllgungiginitAaisvenaionvesdsmediuisadniiey dA1 Elution time ogf

2- 30 wuazgum)inganagliAninuasideafiaudiiinen Elution time dansfegadl

q




60

13978493AA0ANT19 FzApsldlusunsumruangung it trslun1samuALLarivuA
RRVEFY
9 kY

2.145.2 wauleosludfimaines (Flame lonization Detector)

&l < v | o e v €
wanloesluddimawes (FID) Usgnaumedamneiunianunanaedulaes GC lag
o w & o o - <
uwhafieenunanaeduees GC (nevrluagldlulnsuduniianve) axndeudiiuadl
o a 2/ ! [ & a o
Adaanmlusiszuinslnsaunazeinia msildlalasauduvemasilesainnsiu
1o g va a o 1w & 1Y d a
InflalasiuliviliAadueyyaiivsey ilildfidygrasuniufiunds Taawarlwidiaen
2/ 1 4 s o = =l ' = 6 = -

msganindiaregseninauinlni Wellansdunidivaniulatln a1sdunidavanialiiin

5

\Dueyyaiivszy Ysraiinduargnawlniihfadin Collector viliAmdudyaralwi

U

Y]

= Ll 1 = = 1 o 1 s = ] o A 1 =%
FID ariiauiedhigeioansdunsd uamduesldamisansiaianisileguesufianluianfnlu

(19 N, CO, H,0O NO, a@5Usznau Organic halide #14 9 v1a4) w%a%nﬁmlﬂlﬁtwilﬁﬁﬂﬁ

2
2 =

Waduleoau (Wu CO war NHy) 16 9adivily FID danumungauunndwsunisiunldlu

q
o =

mMelaTeiansdunss viild D Wuswsiniedidusudensusnidliedsaiinisinsed
fhoeheiiiiu uenani FID Suheutenedniiferldlaslifed Reference column

Fupounsihau

1. feusunshoutu asdumensidadneesianudeundinanlessludine
wesauilgumgiiiu 100°C iesmntesiulallifiianisaiuuduseslothil Collector sy
viiiindyynsunule

2. \fleguugiivosiinsaingauiu 100°C vmsyalufawauszuindlelasioudy
01ma (neUnfgumgivesiansaindnaeilidniguuninsinueseedul) ua
andnsnsivavosufaniuzilnarunoduissnuniiielilwandaldie

3. naaeuaalwanlnifenisldnszannienuinlanduimsuniowailn Hillle
vhinmuiiudumendvuiuRamaiusansinisaaliildauys

4. Y5udnsinisivavesufanis q (ulasiwuildiduutanine lelasiauiléidu
Fowds uazormanldifuanseandlad) Whiulumuiitvue fdaemluinasdunisan
§nsn1sivaveslalasiau wasiindnsnisinaveserniraniuimseaeusnaseiail

gensananeglallanuly




Removeabla collacior

Collector assembly
nul with insulators

H?Ilrlim

Inside oven wall

© cHP 1925
Exit fram column

Uil 2.23 dudssnoumianlossludfinaines [81]

uV(x1,000)

8.0 Chromdtdgram
7.5
7.0
6.5
6.0

5.5

cs8
C24

5.0

caz2

4.5

c20

4.0

3.5

c10
C16

3.0

s
©
L2,
(&)

25

2.0

o

10.0 15.0 20.0 250 30.0 35.0 40.0 45.0 50.0 55.0 60.0  min

:i (3 a L3 s
5UT 2.24 lasulvunsuvesesdusenouiiiaeanasnsnludu
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= '3 = & L
M99 2.3 LLﬁGNENﬂUiBﬂ’E‘JU‘UENLﬂWIﬁL@E’iLG]Eﬁﬂ'ﬁﬂl‘UﬂJU

No. of carbon Common name No. of carbon atom  Common name
atom
C8:0 Caprylic acid C18:1cis Oleic acid
C10:0 Capric acid Cl82 Linoleic acid
C12:.0 Lauric acid C20:0 Arachidic acid
C14:.0 Myristic acid C18:5 Linolenic acid
Cl6:0 Palmitic acid C22:0 Behenic acid
cla:l Palmitoleic acid T2l Erucic acid
C18:0 Stearic acid C24:0 Lignoceric acid

2.14.6 AnwipuaudAaruaissdenisiinsendiaduvesisiululafiua
(Oxidation stability) @28 Rancimat

Rancimat 1Wusasiislumsinaanuatiosdenisiinoentintureslulofialsdine
uazideiiald lussmamsanainenmesgnasnudhdmeniiululofiwawiaomnes
fussglunvusUnaidnuazums MliaauiAseroendnduueduanavesuiineanasing
siinaseenlud dundndususnanufisoreendindu ndannatdulunsnadiae
awweiarSuaaeiiuaziAnnanineiianufizomiegd Wud nsnefduvidluanas iy
nInpydAn wagnsavladiin uenaINtiumsUsnauBuvEsssmumaniargnandesuludds
fifhirndudstinistadininirluihegailos nsndunidansonmanulfanmsiug u
gaan1sirlwin narfduluaunseviandafueiufserseanaaidusngiudeniiae
wilgrietisnannisithuasimundnungannmassiedn Tesaissnmlunisiia
aan%m‘f}’ummﬂsmlmﬂumﬁaLafdma%LLasﬁauwauﬂumﬁ'}ﬁuﬁszial,"ﬂuc?hLLU'immgwuﬁ'ﬁﬁmﬁ
fmuanuntuiedlulefieaiindmneluissmmadmiuduitudomdsnguivie
hifuiarudou aunsguaissnmnsesndnduvedluTofiganuunnsgiu EN 14112
w38 EN 15751 [82]

. EN 14112 ayusveslufuuasindumfiaeawmesluiy (FAME) msnsianiaia

LD BSUDINISANDINTLATY

g
o a o

« EN 15751 Wainwdssusus nsnlvduuiiawamos (FAME) uasnauiuiniuniea
n1sAMuAAUETEITRIRaNTATUMETBISIUATeeanTndu
nannIsNIsNAdBUMIALENEsNINRBNsnURATE00 nTedulaeiATes Rancimat

4 v 1 ] a o o =
AULINSFIU EN15751 Ae nistwernalnadululefiwavsewiialeamesnonsinisluand
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oy D:l & = =l 1 -nl = = aan,
(10 Bms/4alu) Neavigiiiawie (1116 ewmwwaldua ) lusewiviluledwalinUizen

- L7 1 A - d.( 1 Qlj gj 1
panTintuazasylovesasiindu Tudsiuvisannmasevialovasaswazainidaslnaciiu

3/
v a @

o e 15 o U 4 T4 = ° v w1 o
Tuwaailddr@aduinlivszauioiindu  wagddrdidninsadmiuiadinisdalui

& = ] " & as v = = - a @ e = 1
(Conductivity) uazazi@auneogAugunInin1sdn wazUuinna danTeazisuduiniiand

U 9

(] a a -:l{ a g 1 a & P s [ al L4 a
msuﬂw“ﬁmmwmu ﬂ?'ﬁLWﬂJ‘UU@U’N‘J’JﬂL%?Lﬂﬂ‘UU L‘LlE]xﬁ]"IﬂﬂWiW)BEJ'NQﬂ@ﬂﬂ?ﬁlﬂﬂﬁlumﬂ

4
adaa

o [ s g v 2 addn o 1 ] =t
ﬂ']iﬁﬁ']EJﬂ')LUUlB‘IJENﬂ'iﬂLLﬁ%Qﬂ@ﬂ‘UUIUU’Ilﬂ 'JﬁuLUU’JﬁWI“UﬂU@EHGLLW?Wﬁ']EJ YIN4

U

v
o a = aa

WnsgIuTes  nsugsnandsny uniilulefiwaaisiissesnanaiesnmdenisiinufisen

20n3ATU (Induction Period: IP) 41nn31 10 97la
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1. M53ATIRRIENd0I9anIIALBIANATOULUUARINTIA (Scanning  Electron
Microscope, SEM) Lﬁaﬁﬂmﬁmgwu?wm (Morphology) wadmassUfizenlansunsisesu
ASUDU

3. MSiRTERRumATANSELULIBeS EIE 9158 (Xray Diffraction, XRD) tite
Anwanadundn (Crystallinity) sdUTEnRUTIRUAEENTUTEnaUTRgluMLssUfRTelane
UURITOITUANSUDY

4. n1siAsieiismatiayifeinsrunesudunsusaaidninsalny (Fourier
Transform Infrared Spectroscopy, FTIR) Lﬁamﬁﬂ‘wmgﬁaﬁ“ﬁ’u (Functional group) Uu

NURIVBIAIDEN
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5. N15AsIEReemAlla Brunauer-Emmett-Teller  (BET)  weAnwfuNE?
(Surface area) wazmudugwsu (Porosity) vessssujiselanuuiisesiuanivey

NAIRINMINITILATIsRaNTRYDIMILTU AT esamatinsang s anduilifaige

a a

Uiisendunssilalunegeuussaniamlaeinluissujisemisidealalasdiutu (Partial

hydrogenation) dwsuniswanuidululediva andudnidululefiwanndnlalunsig
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3.2 LAsaellenlylun1sivy

3.2.1 aunsal
1. dfnsaidmsunszuiunslelasvesiia (Autoclave)

JUN 3.2 mwuzinnaeu

3. augldansdmsuinugiseinisuauluedu (Boat)

JUN 3.3 avugldansdmiuin



4. WA uULUIUaY (Horizontal Tube Furnace)

=
E‘UVI 3.4 @ILNIATLUULUIUDUY

5. ViewanULAaE1IMSUKNENS (Stainless tube)

5U# 3.5 vieuanuaadwiumas

6. fau (Oven)
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7. Tulpstiun (Micropipette)

sU 3.7 Liilastiun

A ﬂ!’ - e AN,
8. Asp9TeAshuUAInDa (Digital balance)

= o W
UM 3.8 LATDITIANT

9. Lﬂ%m‘ﬂu (Blender)

g‘uﬁ 3.9 Lﬂ’%’lmﬁu
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10. \@303un (Grinder)

= <
3Un 3.10 1ATDIUA

11. nseawasdd (Litmus)

=i a o
JUN 3.11 nIgavania

12. nygA1wnsed (Filter paper)

5UM 3.12 nszAunIes

69



70

13, uvlawna (Stirring Rod)

= oo
JUN 3.13 Uaum

14. {nwnas (Beaker)

=
JUn 3.15 nszuenn

nansilwenasianulidmsunisldnuiionsfinwintu leugralmhluldusslesidunisdn

lansdileg viedu Snvivnudlvidawdasiionuazaesdndaduinvedenaisnasaminisiluly
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16. Haufnans (Spatula)

o v Ly
3UN 3.16 vauURANET

17. naongaaIT (Chemical Suction Tube)

=
JUN 3.17 vaongaas

18. tARIUNTalLUUNS (Parr reactor)

= < a
JUN 3.18 LASOIUNTRIUUUNTS




3.2.2 Taquazansiall

1. lugua# (Cattial leaves)

Ui 3.19 Tugugd

v
)

2. 1dhsiAanlasau (Deionized water)

e 72600

& ENSURE'
i 80
. Sulfurie aoid
95-974
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4. nsalalasmanin (Hydrochloric acid, HCU)

sUf 3.22 nsnlelasmaasn

U

5. nalumsn (Nitric acid, HNOs)

sU7t 3.23 nsnlumsn

Y

6. nianaawa3n (Phosphoric acid, HsPOy)

sUl 3.24 naaleanein
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7. lsieulansenlea (Sodium hydroxide, NaOH)

Ul 3.25 Twideslensonlad

8. Inunadeulansenled (Potassium hydroxide, KOH)

JU# 3.26 Inunawdeulansenlyd

9. lawfuuAsuaium (Sodium carbonate, Na,COs)

31]17% 3.27 ludeulansenles
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10. Tnwunadeumsuaiun (Potassium carbonate, K,CO5)

= I
sUM 3.28 InuwnadounlIsuaLun

1L ﬁ/wﬁuméuluiaﬁma (Palm biodiesel)

s

U 3.29 thifuthaslulefiea

12. maUesluasa (Copper nitrate)

gﬂﬁ 3.30 maUilaslunse
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13. dnialumse (Nickel nitrate)

d = =
JU# 3.31 dniialulase

14. Taveanluwsa (Cobalt nitrate)

U7 3.32 Taveadluinsn

3.2.3 1AI09IATIZA
1. NdOI9aNnssAIBAaNATaULUVERINTIA (Scanning Electron Microscope,

SEM) U Zeiss EVO MA10c

JUT 3.33 ndosansIAuBanAIouULUUERINTIA
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o = ¥ Q L1 5 i 1
2. wsediAs1egnniaiaeauusediond (Xray  Diffraction,  XRD) u

SmartLab

= d a ‘ & o o ¢
3UN 3.34 LAS03ILATIEUNITLEEIUUTIALDNT

< a € a a ¢ .
3. wsoaiiesnsunesudunsisaaiUnlniines (Fourler  Transform

Infrared Spectroscopy, FTIR) ':;'u Perkin Elmer Spectrum Two

P> - s« v Omy a
JU7 3.35 Aseaieinauasudursusaannlndines

4. Nitrogen sorption i:u MicroActive for ASAP2460

;i‘lJ‘?i 3.36 Nitrogen sorption
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5. uwialasuinnsfi-iwauleesludduiiveines (Gas Chromatograph with
Flame lonize detector, GC-FID) 3u 5890 Series

a o =le o o =
UM 3.37 ufialasuilnsnsilldivanlesslugdusinaines

P = 1 a a s 5 % & }
6. IAsRMAdBUENYIANARMSIAREONTAYUY (Biodiesel Rancimat) ju

243 Rancimat

- 5 o - a4 ;
i Lﬂ‘iawmaaummmmmms‘umumulwawqquum (Cloud point

analyzer) U CPP 5Gs

=

= al § w <
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3.3 nswsealugune
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2. dedalugUgrendaliudalveulvuiunelarnuiiungungil 80°C

Wuran 24 4lud %399UNNTUSIFINAIILTY WALAR RULIAUTEUNN 1 lURLIAS
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o w aal y ° v = v v
4. dwdulelugugr8anunistu mvinsuameiasesunaulasulensly
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sUnBuarudduninle

o = <
JUT 3.44 uslugUgdmeLATasUn

o o 1 nLl 1% 1 1) A =l 1
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3.4 MSHUATIEHANIIUGATEN

3.4.1 Anwrdadelunsduaszidassufizelansuuinsesiunfueudlaild

¥ v

riunisnsziudagnszurunslalasinesiauararsuauluedu

R 4
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JUN 3.47 Fadwmidnwslugle

3 HAJIIJ v oY o L sf; =
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s ©

o = =
UM 3.48 lugUmdinauiuinusiannuseglutnines

1 A 1 e -
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5. gempgsluguindunislalasivesiauds 10 nfu lulininesuuin 250
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5 o @ d a o é"
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UAzenvuiisesiuaisueuiunaniugugduasyinnisinszilaeld nue Theta-2-

Theta Tnelduulunisaunusisus 20° fs 90° wagld Cucg WWuuvasiniassdidndisd

3.53 nasAnwmydendu (Functional group) a’f'ml,ﬂ?aawﬁﬂ%mmm%u
dunsusaaiunInsdlnl (Fourier Transform Infrared Spectroscopy, FTIR)

msAnwmgilaidu (Functional group) uuiuinwesfegslasiniasiFomy
wosuduvsusaaninsalnl (Fourier Transform Infrared Spectroscopy, FTIR) (3u Perkin
Elmer Spectrum Two) wasvhnsinsieilasldinun ART aunulutdisiavadusaud 400

cm 94000 cm

=

354  \iNofnunfiufifia (Surface area) wazadnuTugwyu (Porosity) #2833
Brunauer-Emmett-Teller (BET)

WeAnuAuiia (Surface area) waza I bugnu (Porosity) #7838 Brunauer-
Emmett-Teller (BET) (3u MicroActive for ASAP2460) laavinn13inni1sgadu maduuia
lulnsiauvesiangns laslumsiiasiziagldfegreiiluns ussgaduwaduinidnuney

Wunszigdenauyinnisnsiniagaswinnisiidnautiusannou

3.5.5 iefnwUiunaafiaeamesvainsalusiu (Fatty acid methyl ester)
drnzesdrsiznmadauidalasuninsnsilesldiaulesslueduluimawmes (Gas
Chromatograph with Flame lonize detector, GC-FID)

WoRnwUSiualeamosvensalutdu (Fatty acid methyl ester) nandusnla
gnasiainedusznaussinisanialasualnnsmilémanleosluedudufinawmes (Gas
Chromatograph with flame ionization detector, GC-FID) (51 5890 Series) laglfiu
ARaNY Capillary WUUNANNAIYSENIN HP-88 Yu1@ 100 adiwas 0.25 daduns Bideugn
T duufanneiednsinisivaves 70 daddnsdeunyl Agauniivesiad@ai 200 sam

= s ] al = Aﬁ @ o IJQI'
wawea lnelidnsdunisuen 75:1 Turneigamagivednisensisdugninmualiin 230 ° C
fet1ves 0.2 lulasinsgndainlulueneuiigamail 130 ssriwaifiud MaeaINTEELIan
5 & ai a & X g a8 Ao a !
AuToulunal 2 ufigmiieviiuyulu 220 sarwallieaions 2 e lwaiduane
= =] 2 = = ¢ o = =Y < '3
widkaziuld 15w nanlumsdiameiing 62 Wi siauazUInnuvesaInUszneu

o ]

FAME gnszyuazAinundnsdmvesiuinigliyngege

3.5.6 WeaAnwduUAANNIEDSAEN1TRRNTATY (Oxidation stability) @2
lA384 Rancimat
WinAnwraudfanuiaiesaaniseandiatu (Oxidation  stability)  #28LA3DS

Rancimat (ju 743 Rancimat) AN U EN 15751
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o wa a a s
357 efAnwaudiaudiuniunsivaiigumgiisn (Cold flow property)
=l " .
A18LA589 Automatic cloud point
A e wa o < a o v o
maﬁﬂmamummmmumum'ﬂwawqmmum (Cold flow property) MI8LASDY

Automatic cloud point (i:‘u CPP 5G) muunsgiu ASTM D2500

3.6 NMINAFBUNTILIIUNAZEN

3.6.1 nsvasaun1siseUfitenvasissufizenlanzuunlsesiuaniveu
yhnsnegeuauansalunsidilfitenvesiidsuitelavefiduaeildlag
nageumsisaURAsemsidea-lelasdiuduresniuiululofion Ssiduneudsi
1. maisuundululefia 150 Saddas Ferussufaselanzuuiasesiud

ADaN159717U 1.21 n5u landesdruasnivusanuad (Autoclave) U@ 300 Jadans

JUN 3.57 enadulrdululediea

2. Ynenasoviunaalliuiuiinasvula (Purge) — anrelunatvue
Autoclave aanmuunalulnslaues19as 3 ASINBUNDAMINUAUYIBILAALElASIAY 0.4 MPa

<l a v v y o | P
VUNNUNEY W‘iauﬂﬂ‘i{juﬂ’luﬂx‘]wv} 200 52URNBDUIN

9 Y

Ui 3.58 vihuFRselusegnend
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@l L) L4 v T/ Q‘I =3 QA ¥ o o aa
3. faufnsalgnivianusouaunseistsgungiiinenisldlunisijisen

= o |aaa <o
120 paAaLwed LLﬂ%ﬂ']U{_]ﬂ'iElT%uﬂi‘UL’Ja’Wlﬂ’WI‘Llﬂ

aaa ar = & o

o & < a v | o
4. WAUgnUNN8103UNNIUYNANTURYNAININYUNYUNDY Uassund

hl

2
o e af [ a

d' L s’nl i dl a o cd a g{
lalasiausaniieanauauintuiuiukansunnlanelunadaumal suandunninty
b4 A 23 =i 2/ L2 L3
meinIesuialasunlnsnsfilasldivaulossluwdududvames (Gas  Chromatograph

with Flame lonize detector, GC-FID)

sUfl 3.59 yiufRsenludaufnsal

3 dl o A A = at Gy./ L
5. Tupauwaranznldlunviugasemnswea-lelasiiudunuste 1-4
geladusiamissufisemuulanestinfouarlansapsriianuiniuuiaululeniwa wwelv

s

Igindnsiuniinuninainiian

3.6.2 mﬁmsw:ﬁﬁﬂﬁu‘lﬂaﬁL%“?'i&hunﬂiﬁﬂﬂg’jﬁ?ﬂﬂwﬁﬁaalﬂim%'Lm‘fuimﬂ
wadaudalasunnsnsilagldivavlessluwduduimaneas

MsAATIgINaNISsURTevesifATonlansuuiisesfundnsusiil fgn
Jaseilpemeiiaufialasuninsnafeasassialasulnnsmidousaiuinanleoslue
FuduimameslnondnSasildannmsnaaouasfewiudunsunisindousieg1e fai

1. thansuauiifiuesnunain Autoclave  91ntuvinistumisefianus)

38U 1300 s0Usounil aususafAteinnasnouasnuaz nseuienendiseufiseneu
DRIRIGELIEERtH

2. 14lulastmfiushegadniufiniun1sinujisen 0.1 n3u uaswauiu

Ingdu 10 fiadidns WWethludnimsiey
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d =l o 1 o o o L3
EU‘VI 3.60 assusaged@InIuIlATIEn GCFID

3. sheagndiua 1 lulasinsgnidauasiuenasrusenaumenaduiviia DB-
Wax capillary column laggaumaiidvisuan (Injector), aamnivaiminiiady (Detector)

. . Ovvd = o w y a o o
waz Split ratio gnaslif 250, 250 e neaIdea uaz 50 aud i diugungluesheduld

Tduenans uduigomgidl 170 ssreadeaiduaiui 40 i anduiindudy 250

= v Y] %) v al ' a 1l ad 2
DIALYRALYEH ﬁ?ﬂaﬂ‘ﬁﬂqﬂﬂﬂﬁjﬁiﬂu 4 9ALYRLT AN DUIN LLa“’@ﬂ‘V]E]ﬂJ‘Wﬂ ffuan 10

CV]

@ [

I~ a a A& A
U BGﬁUiBﬂaU‘UDGNﬂﬁlﬂm%Qﬂ’éLﬂﬂ ‘M‘U']ﬂﬂﬂﬂ']u%ﬁ]ﬁwUﬂlﬁﬂiﬁw‘{l@%ma NANTUNLIAN
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3.63  nsaAsEvautAnuatissAen1seandadu (Oxidation  stability)
vadlulefiwatiiunsiuisemnsidealalnsdudu

1. Foidfululafeaiiiunisvuiisoniidealalastiudu 7 nfu ldlu

waon Mnildveaslunglunasalasdaderamu wiouladuasiusousionssanu

= - o o 1 | & 1 ' o L) v eV
saguazwIs uiatasduan1mdn waziivassldasiutesainduneavadinsuliuialva

WU
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= a ¢ wa al | a o
Eﬂﬂ 3.62 ATIEHAUUAANUEDNYTNDN1TDDNTLATU

as 1 ‘J =
2. VIﬂﬂ@UIﬂ?JG]’]ﬂJiJ"IG]‘JgWU EN 14112 Lﬁumaququu 110 239An

Wwaldud n1elaansinsivavesainid 10 ansAadalue Tuseninen1siausousia814

ansUsznausTmegnaiauasduiinlagdatluih

3.6.4 M3AATITRENUAANNAIUNIUNISInaNgUaliaT (Cold flow property)

° w = o o  aaca ¢ = = s
vaaundiululafiwaintunisinufisewisidealslasdiudu
1. usspudululefwaniiunisynuiisemiiwealelasduduaddunivuy

Tydeseaunmuue nntudadkasinvuylaasiutas

= a ) | o v a ¢ wa v = a o
5UN 3.63 W]iEJEJWT{"JEJ'Na']WTU’JLﬂi']%ﬁauu@ﬂ'l']uW']UV]']Uﬂ'ﬁlWaVlQﬂJWQNWW

Y

2. 999U (Could point) 1Wunislwesildszymuduiusszninanisina

yeahdululadwanieldainiaiu aelunaiidivue P lasunisussiliuniy ASTM

D2500
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NANTIINAFDILAZN1TAUIBNE

4.1 msAnwaungiuaziialvanszulunslalasiesida

4.1.1 nsanwdvtnvaslalasuns

100
3 —a— 4 hr
et 8 AL
o) —a— 12 hr
80
&
o
1] 4
& 7
¥
60 -
50 T ' ' ' l
- 180 200
Temperature (°C)
100
. ~a 160 °C
e 180 °C
A —a— 200 °C
% :\k -
s [ S
o D% N N :
S 79 =
g L B N Y
e Wy
60 -
s . : . ; ’ . v 1 ' '
0 5 10 15 Ll =
Time (hr)

o

JUN 4.1 Fesazvesimidnveduglgr@iniunszuiunisielasinesidad (a) aumngi

u

wANAeNY (b) eIy

NNIUT 4.1 a wag b wudidlegaumgiuaziailumsyihuiitelelasmesiaiiuiu
a &= v < - o v oo aaa = ! o
nandnveslalasiluwiliduanas Ineguuiilunldviuiisenlinasenisaatefives

TassadlugugiBunnnitnaniildilasainanudeuribiluanavesniaiunsaunsidnly
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anslassairveiigaglaauaziwaglaavoslugunslauintu ilvarglgwedmesiianis
v a ¢ v ) ' - ) ] ¢ o '
uaninidunwediuasatedu Taseasrauisdruiinisaaedildiduniswazund 1oy
¢ ¢ ¢ ¢ 2w X a | o
Asuaulaaanlan Asusuuauaaniem talasiau Wudu  wenanddediviediunanadu
azmonvasAnsusuiafinasdudiudAndazdwalinisgydeininuazianinasuou
8 o - & ' €l a o &
Aas uara1ngy 4.1b fgaumall 200°C vian 12 Falas dwwalilalasusiinandningn uay
- o ° aaa v | o & & o
disldanlunisyihufisenlalasmesiaunnnin 12 42lus nandewedlalasyrsiinsiiudiu
- [ a ol ) a al a @ 5 " YY)
dnannlaseadanedweinaaediluinanisinediuelswdu (Repolymerization) @iy

1 = ﬂl eﬁl’ =l o !Jv nlq as d'
Wuanelgwodweingmiuiinavilviiuniivedlalasusanas fagui 4.3e

: ) & a
4.1.2 MsAnwmgenduuunuiavaslalasys

150 5 1 1380-1240cm !
(é} 2010 C ' : -rlgn:ﬁaﬂd;l‘i:nln

135 (o) 180°C i ‘ '
— 4_“%“\\_‘"”—’——7—-._“ v “W/FNANRS _—T\"‘-\/V\..,"\,‘_,\ i
o 120 (b) 160°C ; | \n\/ N
© TRy e A . RN &) Y ~
‘I-:D | 1 F-’ -
@ 1054 (a) Cattail leave : : ol W
£
E 370N . o e
b Pt s e
5 /
= / f 2850 em* 1700rm \ /J\\/«

1 3s80-3000em* J CH Alkane  C=0
-OH group 1600cm?
754 2925cmt aromatic=C=C- / ’93 cm

-CH Alkane = \
: 1512 et 1460cm™ 1290-950em *
aromatic ~C=C- _CH,bending -C-O-

60 T T T T T T 4 T T T T T T T
4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (cm’")

s

A - 1 L2 3/
Ul 4.2 ns FT-R  vadlugumSisiunssuvaumslalasmesifangamgliunnsreiu 14

a1 12 4l

sUTl 4.2a awnafuveslugunSreulslasmesfauaslslnsusiunislalnsves
Taflgamgiiunneiefu (160, 180 uaz 200 eerwaldea) Wunan 12 Hilus wuinle
QN aﬂ,umwWUQﬂsm‘Laimmamamemn’uumlwmﬁamadLaﬂuaﬂ’uadm OH-
stretching (3680-3000 cm ) dufluvdonylensondavesdniuiesananiuiisuaios
maaudouisdimsaaneilAdniey wavnsanasuesiia C-H stretching (2925 way 2850
cm’) annsaanefaves Aliphatic wasiinisanasegnsunnvesiianinslugae 1290-950 cm |
194 C-O  stretching  dudunisidonseves C-0 veamfBinesdaiussdussnauvasdl
LmagiaauasLseiaq‘laa?fqmu1smamaﬁﬂﬁmnﬁuwﬂﬁqmuqﬁ 180 psrnwaidiva aneligungl

maviuisenlelasimesiauwiaaglaaenvvsdeddguugil 260 ssraaided iloaaiuiiau
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=

wun Laznisaatemivensiiwaglaauaziwaglaasenitiuiienlalasivmesdanslviina

=

) a a -1 @ Y oA
laseaseaglsun@nyfia 1600, 1512, 1460 wag 790 cm  lumenssnudulassasedniy
o P a 9] I I [ £ o
Wulassadenfieuateswazdinseglulasiadislalasmindsainnislelasivesia
1 & s =l 1 a A ’1 % &
UBNAINTEMINNTEUIUNSIalasasiadelifialudiind 1700 cm ™ w99 C=0 vibration (Tu
1 (3 aa <l o al ¢ of a aaa =l o ¥ a o [
niA1TUandan Alau uazdadlen Yuinanuisendlawnstuveanylonsendazaiu
- Y a o o o aaa
Uffsemsaaneivessliwaglaauazivaglaa lngndeuluiminganlun1siugisen

¢ w_ o °o 8 v a a a @ =
lﬁiminﬂaiﬂaﬂ 200°C quﬂﬂ'ﬂﬁﬂﬁﬂﬂﬂULﬁmsﬁaQIaa L’ﬁﬁ@laﬁ LAY aNUUSRANEAIUINNER

q

o g wdl a a1 = &
wagyihlinuivedlalasvisigeslsundnuiniian

165 - : ;135(5-1140cm"
{e) 24 hr : Higninand § lignin ©
1907 (g 12 hr v R
e SR =
~ 1365 {c) 8hr 5
ps X
o T — st RN S e e,
— : R
8 120 - (b) 4hr Y i i/ gy
2 /18 AN (e
£ e (a}Cattaliieave \f : e
(2] 2
= 904 /' 1?00cm
| ] ZSSOm! =0
3680-3000 cm? | -CH Alkane 1600cm‘
75 -OH group 2925 cm? aromatic —C= G- 1460(:11*
-CH Alkane 1512 ¢mt : Lthendmg 1290-950 cm*
aromatic —C=C- | .
: -C-0-
60

T T T T T T T 1 T y T
4000 3500 3000 2500 2000 1 500 1 000 500

Wavenumber (cm™)

]
=i 1 =l

sUTl 4.3 n3 FT-IR wasluguyiiiunszuaunislalasmesifaiigumnd 200 esmiwaidya
lneldiaansineiu

Ul 4.2b awnesuvedlugunSneulalnsmesitauaslslnsniiiiunislalasimos

satigamgdl 200 ssrwaidea Ingldiauansatu (4, 8, 12 uaz 24 $alua)  wuinlelas

y1§flsusEnoulufeesisninlassaidudouiiioondiouuiumnn luruzivydainus

USuanas Liesaninisaanedadntesvetesdusznouisiiwaglaa 1wagloa uas

lassaiavesdnivuisd@iudianailunsiuditenlslasmesdasnuiuiuy uenainidadl

Ufiseevlsnlawduintusenitamaiangerlsunin
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M19199 4.1 vyianduveslalasus

Wavenumber Functional
5 Description
(cm ) group
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  Vibrations 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 hemicelluloses
860-724 C-H bend Aromatic

4.1.3 n1sAnwdugiuvedlalasyns

U 4.4 nm SEM (frdsvene 500%) vesluguadfiunszusumslelasmesiaiigamygd
uanAaiu (a) lugun®, (b) 160°C, (€) 180°C, (d) 200°C wWutaan 12 Fals
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=

P v l aia ¢ v &

U7 4.4 uansliiuirlugumEaniunsruiunislelasmesianigumgiigs 160,180

] Ay oMo o <
wag 200 °C Wunan 12 Hlas wazlugug8nlildrunszuiumslalasvesda U7 4.3@)
oA a & & % o P @ & A < = ) ST
wuindlegamgiiingedulasaiivesduledinsusnvinunnduiiewIsuisuiuluguilila

' & & a . v o & P
Hrunszurunslelasivesida laefigaumngid 200 °C wudndulegnihateanniiga esain
Tuanavesawnsaunsnszngldddugumdliunniu wagluvhareiuszvessiiwaglaa

a _ a v X A4 vd da &
waglaa wardniuldiedu FedwalinunRwazanudugngusnniu

JUM 4.5 2w SEM (fdavens 500x) veslugugriiiunssuunislelasmesfalagldinm

waN®M19NUY () 4 hr, (b) 8 hr, (c) 12 hr uag (d) 24 hr ﬁqmmﬁ 200 %C

JUT 4.5 uamslimuinlugumenitunszuiunislelasmesiangumgl 200 lnold

U

VaEenY (4, 8, 12 way 24 hr) nudnanlunisielasimesiainanensuaninassdule

! a { ° aaa ' (% = ! o al
Yosndigamall Woswnualumsiudiseuandetuaziiuinlasaieveaduleinng
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a a P v ° aaa 1 & o a
wWasuulasllanimudndey Waldnarlunisiujisenuiunit 12 dlas Taseadoned
¢l s = o v oA a = L7 o y:id‘l) aa o 5
weshaaremluifianswasuiiunusnaiivedulevilviliuniianas Auiuaunsoasy
v H.Il o = aa o/ A o 1 a e aa -
e 12 Pluamnzanlumsviuiisenlalasvesda Weswnvilvlifaujisesned

¢ w0 v v = ) P
weslsdadu vibidulednmsuaniinuiniign
4.2 n1sAnwaumgivenszulunislalasiesiansveuluiadu

4.2.1 msfnwmadsiduuuiinvesiaTesiuasuey

240 (0 HTC 900°C

4 77 _“.‘-“&_““-«-_‘_‘

| (e) HTC 800°C. TG
3 (d) HTC 700°C
3 1 B L\
3 160
8 | (e HTC BOOC S
E e
@ 1204 () Hre 500°C
@ S Saevn e A S - - T
; N

(a) Hydrothermal
80 _W—-—-—H*—-——'ﬂ"—“——’“—k.\v—*—-\
4

T T T o T 2 T ¢ T v T T T
4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (cm™)

JUN 4.6 N5 FT-R  waswaslugumisniiunszuaunisielasimeifaaiveululedui

pamgiiunninaiiu (a) TugUmBiiiumslelasmesifa, (b) 500°C, (0 600°C, (d)

700°C, () 800°C waw (A 900°C Juran 2 hr

Ul 4.6 uansliiuindisesiuasusufiiunssuaumslalasmesiansuouluw
Fuflgunafiuandsiu 500, 600, 700, 800 uaz 900 sernwaidea 1uan 2 falag
Wisuiisuiulugupandainisislasmesiafigumgi 200 ssmiwaldea Wuan 12
dlus wurndlegampilumsansueulueduinungiladdusinequuiaduinisaasdaly
denssuifisuiulugusneumiveuluedy Wevinismsveuluwiusaudfigamgs 700
psrnwaldea wullassainueiiwaglaa waglaa wazdnduaaivsiluaunun \ianyerls
udnfiuiiuiuis esainesdusznounisanieiiwaglaauazaisssinesiag 1oy
lelnsiau oondiau lulnsiou uashgnindneananlassadsvasasuauinlififngnsuiu

Tnefigaunnll 900 srwaldea lasasirudumiveunniige
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4.2.2 nsAnwdugINYaIRITaIiuAITUau

o w sl

JUN 4.7 2 SEM (fdavens 500x) veslugumisnaiunsyuiunisislasmesianiveuly

wdungaumaiuandeiu (@) lugugisiiumsielasivesda, (b) 500°C, (o)

600°C, (d) 700°C, () 800°C wag (f) 900°C wurian 2 hr

=

JUN 4.7 wassliiiuanlugug®

u YU

gauMaNuANANiY 500, 600, 700, 800 way 900 ssmeaided 1dian 2 dalua wudulle

]

ANTUNTEUIUNNS LELASINDT TaA1SUBU bl TUT

gaungillunisansveuluwduinduritlvansveuiinnsuaninuinduileSeuiiisuiuly

'
=

sumBreuasusuluedu U7 4.7() llewwinanuiewiliansseinesne wu lelasiau

o a

ponday lulnsiau wari1aggnitdneenanlaTeasIwesAsuawiniiingwwiiy uas

U

wuhgaumaiinisusulueduninndt 700 s @aldea A1susuEHInIsuUANYinuInTY lay
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4.2.3 WANNTIATIZHA8 N, adsorption-desorption

140 | —@--500°C J
4 @~ 600°C P,
1204 4 7oo:c o
Ji —v-800° o
~9-900°C e ¥
wo4— — - *"f.f PO/ o
: S SEEDS o8 S A
e
.
e v
; w ; ,,,'_!vmv"_ *’v - x“ L e "‘

Quantity Adsorbed (cm®g STP)

0.‘4 I 0:6 I 0.8 : 1.0
Relative Pressure (P/P )

=] )

U 4.8 leluimaunisgadululasiauvaslugumendiunszuiunislolasivesiansveuly

o al = 1 [
wTugunILANA1NNY

0,035 ] A\
] 0.030 -
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1 0.020
0.025 H
= 0015+
S |
£ 0.020 &
(&)
2 4 0.005
3 00154 =
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Pore Width (nm)
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. vy a 4 ol g
lalewennsgaduansalideyaidsnanmiteadunszuiunsgadunarvouian
& aa < o J aa
YoINUARY 31ngUR 4.8 uandlelewennisgadugnAtindaeds Brunauer Emmentt Teller
s A 1 as s s & 1 6
method (BET) gnindl -196 s naaidya ludremnusuduinslugae 10-0.999 ves

L3 :J 1 s 4 o J s
f“ﬂi‘Ui’J‘u‘V]NWUHEEU’JUﬂ’W‘Eﬂ'\%U@UIUL‘U‘UUWQmﬂﬁmmﬂﬁ%ﬂu 500, 600, 700, 800 waw 900

'
=5

ssrnualfoa Wuan 2 9alus wansliiuindulelemeunisgadulssnnil 1 (Type 1) &

@ v o - a <
Julelewmeunisgaduresiagisignguuuululas (2 nm) WesnnuTnuveslulasiaudign

v q

'
o s o

Fuldifndusdresindausiluseiuaausudinit 0.1 anwazroaian Microporous ay
Uszinnii 4 (Type V) wiagwguuuuids (2-50 nm) fauandlugud 4.8 esaniimsgadu
ulasiaurssgnguuuulilaswosidngaunatasnmduduindaaud 10°-10° Fadumsgadu
vosgwguuuulalas wasidoaududuivsifiunniussifingUsawneasida (Hysteresis loop)
wneisnmaingrquuuuely feaenadestuzuil 4.9 uanimsnsEmefveIIAgHTUNU
Fanarfuouiiunsruaunislalanmesifamsusuluduiiviinaswunululasunnii
Ty wanilogamgigeduhlifngnquuuubilasuazslaiiudu Tosmsnsyarodvasgngu
wuugUieslulas (Supermicropore)  lutis 1-1.2  nm LLasgwguﬁﬁmmmﬁﬂﬂ’h 0.8
(Ultramicropore) - unnflan wagiuunmnisnsganefasagnguiuunlvdndoslugie 9.5-
10.5 nm uay 125-13.5 nm 9n3Uil 45 iegemgilunislelnsinesiiansuouludu
qq%u"l,aiwauﬂ15@@%aqu“i’jul,ﬁaamnﬁﬁuﬁﬁaLLazmmLﬂugwqumnﬁumuﬁnﬁu lng
Souleivanzaniigalunsiufitoilelasmesifamsueuluwdufe Mguvgill 900 a3

= e o | ad da a pui
walged Wuan 2 ?]']INQWUT!MWH‘V]N‘JLLﬁBﬂ’JWNLUUEW?UM’WﬂWE}@

A58 4.2 LARIRUNRILAEUSIIATINTHYRIANSUBUH LN ST UL SAN S U Ly

Sample - D (hm) e Y o
(m’g™) (cm’g ") (cm’g’) (cm’g’)
CL-500 41 3.97 0.023 0.018 0.041
CL-600 45 4.07 0.026 0.019 0.045
CL-700 132 2.81 0.061 0.032 0.093
CL-800 183 2.52 0.090 0.026 0.116
CL-900 256 2.70 0.121 0.052 0.173

9INA15197 4.2 UERINUTIEN Ywingniuady Usunasgwsusuuliles Ysunasgwguy

E
wuully (AurnRInRaRRueIUsIRsINTUiNaLazUTIAsgwIuLuUlulag) uasuiuns
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JNTUYNALA ’U@\?G]’J‘i@ﬂ‘iilﬂ’l%“d’auww"I‘LJﬂiS‘U'QUT]']'iﬂ’l‘gUE]u‘lUL‘UﬂuVlaﬂJﬂﬂNLLEIﬂfﬂ']\‘if‘lu 500,

3 Y

1w v €

600, 700, 800 waz 900 asmwawdea 19ia1 2 9alus wanaliiiuindsessuasusuainly

3 o
= =

al = ¢ w a e =
§U018 (CL carbon support) fikunisasuauluedungumaiigaluiuiii aunagniuade
a v & a o o % Yy 9 &
Ysunmsgngu Juuildugetuiliosningungiifinavinlilassairelinisunninuinau
¢ ¢ ” ¢ o g v a &
94AUTENOUTRINMIS @135 nIoavmaunIsuaungnoaniuitluifialulns sty @9
4 o =3 o a @ s A ot al 4 1

#0AAADINUNATINNITIATIBHENFIVINE1vRIAIT0eTUATT UL TneRfaTeefuiiiIuNTg
¢ o o a a o & = a & o
Asuaulutungamgil 900 asrwalda Wuian 2 fMlusdivnagngy USunasgngunug

2-1a - 3-1 a 4«
Agafla 256 m'g | SUFUIASINTUILIA 0.173 cm g USumsgngunuulales 0.121 cm’g

uazUinmsgwguLuuLmle 0.052 cm’g
4.3 NsANEIYEAFNTALAIENTALAZIUARDNTEUIUNIINTEAUNINLAL]

4.3.1 msfnwmavsiduuuRiavesiasesiuaiuay

500
1iGeo o
450 - e L P ) 7T
Lok — T i
400 - PANA Y O
| (8) Na,CO, T
L. 8:0) et L e
=t 140 NaoH b ) |
S 3004 oy B4 LNRN
§ 1P L S DI T T LTI (7 (g — ]
E 200 S —
& Rl 78 A
-\l T >
100  {a) Non-activated - K Sady &
50 A
T T T T T T T -

: A O gy
4000 3500 3000 2500 2000 1500 1000 500
Wavenumber {cm™)

JUN 4.10 N5 FT-IR wesveslugug® a) ldlarunsyuiunisnsedunianil wagsuns

Y

nsEAUNINLALlRIEaITaranensa (b) HCL, (c) HNOs, (d) H,S0q, (e) HsPO, wagiud
(f) NaOH, (g) Na,COs, (h) KOH, (i) K,CO; mnuidiadiu 4 M igaumaii 900°C 1y
1281 2 hr

SUT 4.10 wanalyiiiul1fii5995UANSUALTINIUNT S UIUNITNTLUIUNISNSEAUNI LA

Y q

1 900 ssmugada Wulnan 2 41lue Wisueuiusisessuansuaunlulaaisuauluwd

£ ar s 2/

WUINLDVINNITNIEAUAITRISUMBANSIALNTALALLUA wuﬂm:éﬁ&ﬁ%’uuumﬁmiamﬂﬁﬂﬂ
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msnszdulaeUfisenanilasulessy uasinliiinnisaiidesinminnisn K gnazdn
o v a ' 6 o 1 =1 [ [ vl a s [y
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JUT 4.11 an SEM (fdsuene 500 wed (a) Arsusuilignnssduniaail Lazasuoud

v 1 9

NIUNTSNSERUAIEASA (b) HCL, (c) HNOs, (d) H,SOq (e) HsPO, waziud (f)

9

]
= =

NaOH, (g) Na,COs, (h) KOH, (i) K,CO5 faemanandauduy 4 M figaumafi 900°C 1y

1181 2 h

]
=

JUT 4.11 91nMsAnBIdNgILINE1UDIRITBTUAITUBUNHIUATEUIUANTNTEAUN

Y
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IHindu Tnedsesfuasuauiritunsnsedumedissufissnvaiinaviliinaaudug
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4.3.3 WaN159LAI1LHA28 N, adsorption-desorption

1200 4 | —#—KOH

Quantity Adsorbed {cm’/g STP)

. . . T .
0.0 0.2 0.4 06 0.8 1.0
Relative Pressure (P/P )

1 4 ;2

U 4.12  lelwmeunisgadululasiauvaslugugsndiunssuiunisnssqume luasile

u a9
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0.16 .
| — KOH
0.14 4, 014 i
4 ! B2 Y
B - ] - Na,CO,
0.10 .
2 08 11
0.08 9 | A
E 1 A Ay 4 A
R 1T AL \/\\ JAY
= 1ilit v T
© 5044 ; ‘ 5 s 02 1
0.02 4
0.00 4 4~ =5 -
.02 ; ; : — ; a—
0 . 10 20 30 40 50

pore width {nm)

=] ) o a
sUn 4.13 ﬂ'ﬁﬂig""\]qUm?“ﬂaﬁﬂuqﬂEWEU’UaﬂlUgﬂQWUNWUﬂigU?Uﬂ“ﬁﬂi%é}:u{ﬁ?aLUﬁ’UUﬂ

U

LANMNU

lelumaunisgaduausalyideyadenummiefunszuiunsgaduussaeuiyn
yosiiuiin 91nguUTl 4.12 uaadlelamennisgadugnauinlagds Brunaver Emmentt
Teller method (BET) gninil -196 pernisaida utaspaududuinslutae 10°-0.999 wea
AsusuTihunszuumsasedumeTwuvadelansenlsd (KOH) Toieulansanlast (NaOH)
Tnunadeunifueiun (K,CO,) uagluifouasuaiun (Na,COs) ianmgil 900 amiwaida
Wt 2 Falus wandliiiiuindsesiuiinsgdudeiua Slelumeunspadulssinnd 4 5
wuuuuilevEgnIuTLINNATa (meso porous) Suuragngy 2-50 nm aaanniimsgady

[
a = I

llasiauiinnududining 0.4 TqUsawesida (Hysteresis loop) indu nudrsesiud
nszsunslnunaideslansonlyd (KOH) warluivalensenles (NaOH) fiufinngluguning
winpdaivFunasgnguwuuidlennn lunesetutulnunadenniiven (K,C0;) uas
TgLRsuA1sUalum (Na,COs) ﬁﬂ’%mmgwqmwmﬂfﬁﬁaaLﬁaaﬂwnﬁﬁuﬁnﬂaluQULLﬂu
vonniifmugnguuuululasidndoaiosninmsgedululasiauiivegrenadfiaudy
Fuinstionndn 0.1 905U 4.13 wassnisnazaneivesuuagngulngs DFT method way
fsesiuinsgdudie wuidisesduiiunssuunsnssdumeasaraniuanuiagins
nszaemvesruagnuwuuleinnndlilas laenisnsganedvasgnguiuuglieilulas
(Supermicropore) U973 0.8-2 nm LLazmﬁuwugwguﬁﬁmmmLﬁﬂﬂ’h 0.8 (Ultramicropore)
warliUmsnsyanesvesgnguLuumlefdvunndnlugag 2-10.37 nm 12.35-13.49 nm

wazn1snsraemvenagnguLuulendvnaluglutig 13.61-62.70 nm
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300
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Mi/‘:‘*”"'

Quantity Adsorbed (cm®/g STP)

. . . . . . .
0.0 0.2 0.4 0.6 0.8 1.0
Relative Pressure (P/P )

5U 4.14 lelameumsgadululnsiaureslugugisniiunseuiunisnszduaiansavile

WANAINU

0.12 o

oo |
0.10 4 |
0.08

h 004+

0.06 \
ﬂD?vE \

- | "

oo L.

0.08-: Wﬁ-{
|

dv cc/mmig

0.04 4

0.02 H

0.00 - ! .

pore width (nm)

d s a1 2 E 5 =
EU‘VI 4.15 ﬂ']'iﬂi%ﬂ"ﬂﬂEJW)”UBQ‘UU']WEW‘?N“UE)QiU'gﬂE]’]ia‘N’lUﬂ'i:ﬁU?Uﬂ']iﬂitﬁl‘l&ﬂ?ﬂLUﬁ'ﬁ‘uﬂ

LANFNNY

lelewennisgaduaunsalideyaidenmuniniielnunssuiunisgadulazvauLes

YOINUNE?  91n5U7 4.14  uansleleweunisgadugnatuinlagds Brunauer Emmentt

s

Teller method (BET) gninii -196 ssriwaidiva Tutrsmnududuinsluriag 10°-0.999 ves

v 12

AISUBUTIHIUNSEUIUNTINIEAUMENIAlalasAaDn (HC) nIalumin (HNOs) nsadamiin
(H,50,) waznsavaanasn (HsPO,) figamgll 900 asAnwaided Wuian 2 Hlus uanaly
WuIMsessunnsgsumensalalasnasin (HCY waznsalumin (HNOs) Silelimeunisga

Fulselani 3 gnsuILIAIMg (Macro porous) HwuiagwiuuInndn 50 nm ldawnsn
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psandauldainmsiuimmInsEeivessuingnulaeds DFT method wasfnsesdud
ﬂixﬁu”’mﬂim%’a?ﬂﬁﬂLLaxwaawa‘%nﬁlaT%Lwauﬂws@ﬂ%’uﬂizmwﬁ 1 (Type 1) dufulely
wiennsgaduresianifignyunuululas (>2 nm) wazUszanit 4 (Type IV) wiognguuuy
uily (2-50 nm) Fauandlugud 4.5 1esninisgadululnsiauvessnsuuuulalaswesidng
aunateauiuduinsiaud 10%10° Jufunisgaduvesgnguuuulales uasiileanudy
Hindifuuntuauiic 0.4 iingUuBawadsda (Hysteresis loop) ﬁﬁﬁuﬁma‘luqmmu
yanefemafingnguuuualadnios didenndesiuzuil 4.15 udnanisnsenefvesung
wyunuiwsessuiiunszuumsnsEfumensansana3niivsinagwyuuuulilasnnndy
wly IasnisnizanemvesgnsusuugUileilulas (Supermicropore) 1u¥29 0.81-2 nm
uazaawUNTUitivuaEnnia 0.8 (Ultramicropore) uslsiannsadwaaildlagdsns OFT
method uazfivinunisnszanedvesgniusuvaledndoslutag 6.2-10.29 nm uax

12.43-22.97 nm

= & da = P v v
A1919N 4.3 LLﬁﬂQ‘W‘U‘WN’JLLaS‘U'iﬂﬂW‘SEW?U’[JENﬂ'ﬁrUﬂUWN’luﬂﬁiﬂixﬂu‘VﬁdLﬂﬁﬂ’)&)ﬁ’]‘iﬁxﬁﬂ&

ARIVGERTE
Sample Saer D (nm) 5= A Vi Vi
(mz/g) (cm3/g) (cmB/g) (cm3/g)

CL-KOH 2162 3.07 0.273 1.360 1.663
CL-NaOH 1883 2.69 0.427 0.842 1.269
CL-K,COs 777 3.56 0.184 0.510 0.694
CL-Na,CO, 651 2.5% 0.228 0.190 0.418
CL-H3PO4 624 2.43 0.290 0.088 0.378
CL-H,S0, 423 2. Tal 0.183 0.103 0.286
CL-HCl 50 13.66 0.001 0.016 0.017
CL-HNO4 a.7 9.04 0.001 0.010 0.011
CL-900 256 2.70 0:121 0.052 0.173

aaa I

N5l 4.3 WanFeuiieudssavsniwuesiusafizen wuinsaneanesnidu
frsawiisensniidussansamiitidosnanunsaifiuiuing BET uasUTunsgwauld
@R 624 m’g Wag 0.378 cm’g | AMATRY venniinsanlaana3nanansnRAINTLLUY
1uiﬂilﬁmnﬁqm Tnefinsalalasaassn (HCY nsmlunin (HNO) waznsadaiiain (H,S0,) gn

o e 1 H H £y I A
Swundunsanniarsananaiaiilooslud (K,) lunaefinsaneanssnilunsngou lned
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nsauAazvhuiseiulalases sldifnarssemefiaunsounsnszaigedenaiieanain
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ﬂi 14 1 1 a b=~
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WU 14 o
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msupufinszumelnunadeulansenlsd (KOH) IfuiiliuaguSunsgnguunis 2162

q

2 -1 3.1 o w < 1 o o v a
mg uwag 1.663 cm’g  mwau iesainlusgninansnseaumaaiimeinunadoulens
anlenaziiufisenisnseauaialoun (Stream activation) vihlAaUjRseuAadiATy

] (24

o i a s a 2 I ¢ o
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4.4 asAnwrgauumgiilunisnszduiisesiuasuauielnuadenlaasenlea

4.4.1 nsAnIENgIUYBIITEITUAMTUBY

sUM 4.16 nw SEM  (fdavens 1000x)  w@eASUBUTIHIUATTNTEAUNSLATINIY

Y

Tnunadeoulonsenlafmaududu 4 M figumal (@) 600°C, (b) 700°C, (o)

800°C uax (d) 900°C wWuan 2 h

UM 4.16 wuindlogamgilunisnszdudasesiuanlugunsmulnunadonlenson

lasiinduain 600°C @ 900°C uansliiuinlassadalgnsuiiunnyudensouiisuiy
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amgil 600°C (3U7 4.16a) Tislgnguidnteuiiogamgiiiiuauis 900°C (Uit 4.16d) wui
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4.5 n1saneAlNuduvesansazatslwuadenlansanlynfanasaesu

ANSUDU

4.5.1 MSANYIANGIUYRIAITRITUATUDY

o w

SUA 4.17 2 SEM  (f1dsuene 1000%) Pa9A1suauTdIuNITATEAUNIALATifIY
Tnuadeulensonledmndudu @) ¢ M, (0) 6 M, (©) 8 M uag (d) 10 M 7

gaumgil 900°C Hunian 2 h

U7 4.17 wuinsnsedumaniiislnunadsulensenladainuidudu (a) 4 M, (o)

Y

! o 0 i il o
6 M, (©) 8 M uag (d) 10 M flgaumadl 900°C 1Huiran 2 h uansbiiiiudl fiennudutu 4 M
(U 4.17a) Sidnulessulnunadeusnweivhlififinnsyuiunsvegvuagnauuuuly
Tnsliilvunalngdednfugnunuuslgnninfasiiagnuuuulilasuuiuianiguen ue

Wleauuduresgisazanelwuna@oulansonlasuinnin 6 M (SUR 4.17b)  vilA

Y
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4.6 n1sAnEIANUTNTUYRsdNsazanelwwnadaulaasanlanfanisaesu

ANSUDY

4.6.1 nsAnedgIvasiTasiuaua

sUA 4.18 7 SEM  (Fdavene 1000x) yemsuBLTiunsnsEfumaaiife ansazans
Tnunadoylansenles 4 M Adeainmisudaded @) 1, () 2, (© 3, (d) 4 uax

(e) 5 figaumgil 900°C Wuwan 2 h
$U 4.18 wuimsnssfumaeiidhansazansinuadoulsasenled 4 M Awde
nMsursadt (@) 1, (b) 2, () 3, (d) 4 ua () 5 Agaumail 900°C Wunan 2 h uandlviiu
i1 fhsessumsveuitunsuddeansazargluadedl 1 uas 2 (3U 4.18a uay 4.18b) i3

WyUNgn uLasillautdiearsavarslnuvadunlensenludluaseil 3, 4 uaz 5 LLAUIN

Tassadnaesmsuauingnsulites awinasazareimaeinnisudluaien 2 dns
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aanesvealassasaneluvedlalnsusnalvindalaUuinTuuInseninen1shyTIdsnal
-Ql 1 5 A =Y = L2 s 5 o
asavarefdunsudluasen 2 fuszanianlunmsnseduanas dedu nstansazany

Tnunadeslansonlediiunsudlunsadive 1 asnlden vildannsoannisiinideld
4.7 M3anwansdauvaslanziiseuiseuazsiinvesinsesiumisalnsen

4.7.1 launzilnina (Nickel)
47.1.1  nsAnwINIINIEANEiURIRsUfisemiewmeaila Scanning electron

microscope (SEM)

U 4.18 A SEM wesniseiieninfavuiasesiumsvaulusamdiu (a) 0.5 wt%
Ni/C, (b) 5 wt% Ni/C, (c) 10 wt% Ni/C waz (d) 5 wt% Ni/C-KOH

JU7 4.19 LARPRTIAIUNSIaRLsUA AT asuUmseIsumsvauludnsndu 0.5,
5 uay 10 wit% evinsiesisndngiueesiusaufisemuingadundiansiseynia
Tavgdniainsnszneiuenidusymaweiuuimsesiuasveu Awanslugy 4.19 (a) e

finmsiaulanglusnsndrusgade 0.5 wt% wusyniamissufiserinifavuiuiamsesiu

HopunnudiiloidaduseUiise 5 wt% (U7 4.19 b) dewalvdidnuiueymialiniiiadinis

Y

N5EABMING WIANNITINAINUVDIDUNIAVUNUHIVBINTBITU WBLRNINTIEILYRINSIAY

=

Tanzilu 10 wit% (5U7 4.19 o) wuneunainssiusiiuveseynalansidueyninug
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=l

Tnaftsadntesidlesanlansiinfaiiauaiuisalunisnszanedaldlndifoadiulane
ATENA LU WLaRgN winidy iRy LLaza“Lgﬂﬂﬂi’ln'mf’mnf}:mﬁ’uagjLLﬂ'mw%nmwi"uﬂgu
aonndasfiunsnedl 4.4 wazangy 4.19 (b) waz 4.19 (d) uanwnisnszatediveseyninlans
finAauuisesfuasueuuagisesfuafuauiinseduielnunaidoylensenladnuin

v

s [} aaa = = b @t 4 &l
fisaiisednifavuisessumsueuiinssduimelnunadeylansonleideynipvunian
waziin1snszamlafina UL TeIsuAITUBY

47.1.2  msfinwasusenousnuesnnsifisennienaiia Energy dispersive
X-ray spectroscopy (EDX)

= o i a . as o P [y 1 =i
nsAnwensIdENIsIANlane (Metal  loading)  UUA2ITEITULNENIDNTIAIUN
2 as @ I aaa aa at I = = Eil

wnzauuarlianwuriLs U jAzedn leadnsarulnianly Ao 0.5%, 5%, 10% lay
dmdnuusnsesiuasusy (NVO) uaz 5% Iasdmdnuusisesiuasuauiinsesuie

Inunadaslansanlas (Ni/C-KOH)

:‘ 3 @ I aaa ) - . at
A19197 4.4 LdnoanUszneusInuazILInaunInveLTIufiselang infauuiisesiu

ANSUDY

Catalyst Metal loading  Carbon Oxygen Nickel  Particle size

(Wt%) (Wt%) (Wt%) (wt%) (nm)
Ni/C 0.5 95.50 3.77 0.73 -
Ni/C ] 91.81 3.43 5. 76 120
Ni/C 10 89.79 3.09 7.12 -
Ni/C-KOH 5 92.39 2.69 4.92 65

PNANTNT 4.4 wansesdUsznausnvasIsUisewuinilesdussnaundnde
5IMANTUBU uanﬁ?mﬂumsgaaa%mu wazdniia LﬁaﬁaaumﬂﬁaL,i'wﬁﬁ?mawuﬁ';im%’uﬁ
Smsndau 0.5 wi% way 5 wid fiwminsminfafistumusanduilndifeiusasdou
figesms wiiledelusasdru 10 wtos dminsmiinifatiosndt 10 wi% Lileaaneynia
%U‘ﬁ'ﬂmmmjuﬁmaamﬂn’hmiLmsﬁﬂﬁuﬁwmﬁﬁaﬁu uananfuuinoynalany
fnifiaruaniann Scherrer's equation wuiiwwineynAlavsinifainszanefuuiisessy
Afupukumsnseuselwuvadenlensenladfoun 65 nm Wdnnivuineunieiiniia

9 v

s L7 ﬂl L2 (-7} i = = } 2
VLRSI UASUOY HBdnsTassuAIsuaunnszaumelnwadeulensanlunilasasia

q

e o f

snsuaseresiuaeiinuitduindinnnitisesiumsveudmwalioyninininszaieda

TaAuaziumdndniialnafes 5 wto%
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4.7.1.3 wanTinseinsmeilla X-ray diffraction spectroscopy

e NI/C-KOH
—— NilC
Ni
!
‘:? ” Ni
s | ¢ l 8
> N Nio | l
= N A Vi .
2
- Ni
C i
/\ “’0’\ N b)
,./.’ \\._M____,_,,WW______ ______ = '\j Nazog R e
T T v T T T r T T T ' T Y
10 20 30 40 50 60 70 80
2-theta (°)

5 é’ o L3 s ! aaa = = s 1
U7 4.19 nsmianensidnuuvesisdonasd (XRD) vesdussjisendniialudnsdqu

5% Immfﬁwﬁn Ui a) Ni/C wag b) Ni/C-KOH

UM 4.20 nnnsminsideatvuivdianasdvesvesiussufiselavsdniianiinig
inlavg(metal loading) wuiwniteuluuansfiandnuvesariveuilufianilaiuninewin
(broad peak) ludas 107 - 20° @euasdliudimsveuainluguEnduaseile

;9 tﬁ' 2/ 73 s L L3 44 i i/ v =
Usgneumomlaiillaseaiiedugiu Insdasassumsveuiidhuninszduimelnwadoulens

=

&l [ as Vo Y] 4 v oMo ¥
anlwniianuduedugiunnniiisesuaiveunlaleriunisnssiu uazainnsmaziiu

i
1 =) =

a Y] S o ] 0 <
TmnReulvazuanafiavanvoslane 3 Aadisaunisszanm 457, 51° uag 77° Fuluiind

b

D

]
- =

wanafiala 111, 200 wae 220 swaduvedlansiinifaniduaigilagialanziniian
fundsdnanuansinlaveginiasgluguvedanedasy (Metal free form) fiuszqlany

| € " 0 T & o a a | -]
whivgudfeeglusuves NI duies  uanniifmulaveinifaeglugueenladdndey

dﬁl s U o aa ala ) d! = 1 v = U 1 aaa
LUBQ%THM?L?GU{]ﬂ‘iEJ'TQﬂ‘iﬂ'J‘ﬂﬁJﬂﬂJﬂ “d\?ﬂ']ﬂ?d‘lﬂ 4.20 WU’J']F]’J’]?JL‘EJMWF]‘UB\W\’JLN‘U{]H‘SEJ"I

'
a = 1 Ly o [

dnifaargeduiieaguuisessumsuauiiiumsnszgumelnuwnadoulensenles uansin

Y

o = @

fa¥3dlanzinifaddruunnuumsesiuasueuiiiiunisnsequarsinunaideulansen

v i
aaa

A = = = dl 1 o o/ s 1
Todidesanilnufitauazanudugniungniifmsesiuaiivey  uagiinvasiissjice

|

fniAavufsesfumsveudinunisnszqussslnunadelansenlenianwugninmiedan

Full width at half maximum (FWHM) ga awnefeyniaiassfisenlaneduunaiin
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4.7.2 Tanzlauaan (Cobalt)

aaa 1%

4.7.2.1 nsAN¥INISNIEINEAURIRATIUNTeMEwmALla Scanning  electron

microscope (SEM)

et e

Co/C, (b) 5 wt9 Co/C, (c) 10 wt% Co/C ua¥ (d) 5 wt% Co/C-KOH

guﬁ 4.21 uamagnsrdumsiiamsauiisenatuudisessumsveulusnsidiu 0.5,
5 uar 10 wt% Weviinslinseidugiuresinissiisemuitgadvnduansieynia
Tauglaveadinisnszaresuendusyniaieivuiisessumivou fuansusy 4.21 (a)
definaiulandludnsidausiignfie 0.5 wt% wusynaduseizenlaveaiuuiiuiah
sesfutiosnnudiilaiiafifaizen 5 wid (U 4.21 b) dwalifisuueynialaueand
msnszaefuuiuinveisesfuInay widefiusasidiuvaenindulansilu 10 wid%
(Ui 421 o wudeymeiinmssuditureseymalansdusymavuislvgiendnios
idemntavelaueaniidunshtorfussesiudinitlavelavoadusiusidenfotanuduniy
sonsalusiuiihiusgassiumis wazaingyu 4.21 (b) uae 4.21 (d) UARINISNTEINLH VDS
synalanylausaduuisessumivesuazisesiumsuauiinsziumelnunadelansen
lgdnuinfussufizenlaveaduuisesiunsvouinssduisinumadoulensenladil
suMAvIAdnuazinisnsgemiuINnIuLimTesiuaITuesy uiaunsansEeslatey

nidlefisuiulanglaveaduumsesiunsusuiinszqumelnuvadeulansenlya
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4.7.22 msfinwaanusenausinuesRasliisenmewmaila Energy  dispersive
X-ray spectroscopy (EDX)
=f ar [} a " L] [y P2 s i P
nsAnwsnsdunsidnlaneg (Metal loading)  vuTRISUNBNNBATIEIUN
¥ at 1 - aa A e 1
wanzauwaslinunriusufisenda Tnedandwlaueaddild Ae 05%, 5%, 10% lae
’o’ r as as 3 ,n/ a s [ & = L2
dntinuuisesiumsusu (Co/C) uag 5% IABuIntNUUAITaITUAITUBUNNTEAUMIE

Tnunasulansanles (Co/C-KOH)

o 2 s [} aaa (3 as
19790 4.5 LL’ﬁ@x‘]@ﬂﬂ‘UiSﬂ@‘UﬁWﬁ]LLﬁS’UHTﬂBHﬂ?ﬂ‘UBQW?LNUQ ﬂﬁﬂﬁiﬁﬂﬂﬂ‘U@aﬂ‘UUWJ

s95UANTUDY

Catalyst  Metal loading Carbon Oxygen Cobalt Particle size

(Wt%) (wt%) (wt%) (wt%) (nm)
Co/C 0.5 95.20 4.65 0.15 -
Co/C 5 9 5 3.90 2.87 211
Co/C 10 94.50 3.90 6.34 -
Co/C-KOH 5 91.58 4.20 4.22 B2

91NM13199 4.5 UanIadAUsEnausIsvoIiissUsemuitlendseneunanae

smATuey ueniulusigesndiau waglaueas HelieoyunAfiLsaiise1aiuuiisessu

o o 1 = o @ ¢ o - 3/ 1w I o
NONIIEIU 0.5 wtd%, 5 wt% wagl0 wt% NUWMUHSWQIWUBEWLWH%UUBUﬂ’JTQG]‘S']a'JU‘Vl

feens LpsnneynialavsaniisunsisenlidfiuiisesiureunagTIuNguAUEIINN

2
=

ATSINEAANURIVDIRITDISU uaﬂmﬂuﬁummaumﬂiawiﬂuaaﬁﬁwummm Scherrer's

'
L

equation wuiuaeymalanglavaadfinsraefuufisesiuniveuiiiunsnsegude
Tnunadoulonsonlodiiouin 132 nm  1@nnIwIneynIalAveaduufITeIsUAITUaY
ilomnisestumiveutinseduieinunadelensonlonilnssadegnsundononiiuag
ffuitnduimsinnmindhsessumivevdsaliounaiinisnssedldiuasihmininiAa
Tndifss 5 wtte wivumeynafsaiiselaveadfdaivunslngnidefieuiulans

fnavusseesuasuau
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4.7.2.3 HansiasIEvmemala X-ray diffraction spectroscopy

e COIC-KOH
Co — ColC
3 | o - ©
1] H [ Co
-~ Co0 i}
> /N o; oo A a)
B L~ ‘\.,“.m.”.m..h.m.,wwwz\.,.xc | SO S, S e S
= 0
2
=
) wof Co
VA 1 Jl Co
§ \ i
;o\ | b)
N L kwfk A
L T T T » T \s T 4 T o T N T 4
10 20 30 40 50 60 70 80 90
2-theta (°)

= ¢=‘l/ ot = et ! | aas as /|
UM 4.21 nswluaninisidgaiuuressididnelse (XRD) vesdissuitenlavaadludnindau

5% Imaﬁwﬁn Ul a) Co/C hag b) Co/C-KOH

Mnnsminsidsnuuiidiinusdvemesiiafitolavelaveadiisinindulans
(metal loading) wuimniteulauansfiandnuasmsveuiufiafifininuniienn (broad
peak) luts 10° - 20° Fauandliifuiiansueuainlugugdiidanseilsusenausemai
flassasedug warannsmasiiuimniteulvazuansfiavanyedlany 3 fifidiumis
Useanm 44° | 52° way 76° dudlufiafiuansdana 111, 002 waz 101 mudisuvadlany
Taveadiiduasizd lnsfialavelavoadfidunisdandiuansilanzlaveaseglusuves
Tavgdasz (Metal free form) fusgqlangiwiiuaudroagluguues Co  uazfinuassiaige
Ufiselaveanuumsassuatsuauiidnumywauniolld Full width at half maximum
(FWHM) 61 Famnefsoynnaiassufisonlansiivunslve) 903U 4.22 wuirmnuduiie
vaasLisUAselaveadiinugelndiAssuudisesiuaisusudiiiunisnsedudie
Tnunadeallansenled uansilanglavoadininsraeduuisesiuafuauiiniunis
ﬂixﬁuﬁqaIwme%'mﬂ,amaﬂlmﬁléﬂﬂﬁﬁmﬁ’wuﬁﬁaﬁum%nau%qﬁﬁuﬁﬁuLLasm'mﬁJug

¢=I 1 ot .
WIUNFINIFITBLTUATSUBY
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4.7.3 lanzaaUwa3 (Copper)

4.7.3.1  n1SANEINIINTELMVBIAILTIUATERemATlA Scanning  electron

microscope (SEM)

UM 4.22 7w SEM vewissUiserneuiesuudisesiunivouludnsidiu (a) 0.5 wi%

Cu/C, (b) 5 wt% Cu/C, (c) 10 wt% Cu/C waz (d) 5 wt% Cu/C-KOH

U7 4.23 uanednsndunsileaswiisenasuushsessuasveuludhsdi 05,
5 war 10 wi% ilerhnisimssidugiuvesiausefiiomuingndvnduanifeynin
Tangaouweiiinisnszameiausnifiueyniaiisrvufsesfumduey suandusy 4.23 ()
lefinafulanyludnsdusgafie 0.5 wid% U PR IR CA RIS E T eY e
seefutiossnnudiileidodissufiten 5 wto (Uit 4.23 b) dealsildnaueymanedives
finsnsvaeiuuiiuivesssesfunnniy uidoifiusnsduvesnsidulansdu 10 wid%
(U 4.23 o wuheymaiinissamdaiuveseynalansdueuninvuiaingsiuiuun
ilesnnlavzrevieiiidunshsentumsesiusininlansdnifaussuiidenretinmanunse
Tunsvuizenldafiannygumgiiimngdmiurhuiisemadealslasiudu uazen
U 4.23 (b) uaz 4.23 (d) wanan1snszaemvaseynalansAedilesuuiisesiunsuey
wazfsesiunruauiinszduienunadenleasenlasmuindasa fiserneuesuui

sosfumsuauiinseduiislnunaidoulensenleadiouninvuiadnuariniinszanedi
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unndtuufisesfuasUey wRaunsansyaedlidesnindeiisuiulane dnifiauudi
sesfumsuauiinsedusenunadonlensonled

1732  msAnwasrlsznausnuesinsauisememailn Energy dispersive
X-ray spectroscopy (EDX)

FAdeldvinis@nudnsndiuniaiulane (Metal  loading) UuTaduLiiam
Farduimnzauuasliinuaefusufjizenda Tnednsdruneuiesaily fo 0.5%, 5%,
10% Tnethminuusisasiuaduau (Cu/C) uag 5% Imaﬁmﬁhuuﬁwaﬁum%vauﬁﬂﬁsﬁu

salwunadoulensanlen (Cu/C-KOH)

= & a | aaa ¢ @
A13197 4.6 uansesrUsEnoUsInuazIUIReYAIRYRIlsauRslargasuiasuu

s995UANSUDU

Catalyst Metal loading Carbon  Oxygen  Copper Particle size

(Wt%) (wt%) (wt%) (wt%) (hm)
Cu/C 0.5 95.36 8.35 0.34 -
e A 89.34 7.43 5.23 145
Cu/C 10 94.50 8.07 7.67 .
Cu/C-KOH 5 87.40 7.53 5.07 105

MNANTN 4.6 uansasAUsEnausInei It jAssmuindesAuseneuninae
s1nansueu uentulusinesndiay uagredes  Llelaoynamissdfisenacuus?
v oW : a % ) ¢ a & v i
spe5UNOnTIdIU 0.5 W%, 5 wt% uagld wi% Himidnsigaedesiiuiuiesni

£ o

Snsnduiidesns swneynassuasidunsiioiiliffufsesiureuiivssungu
ﬁ’maamnﬂ'jwﬂismaL{Juaqmﬂmmm%ﬂuuﬁuﬁwaai?hsaq%’u wenanivunoynialane
ApUasFuBIann Scherrer's equation WulnwumeynAlavgasUiUasTinsEaEf UL
sasfupsuauiiiunisnszdufelnuadoulansonlediivuia 132 nm  dnndnvuia
aunpraUiasuufsesiuasuay awmnfsasiumsueuiinszduimelnunadelons
anlenillpsadregnyundrensaiuasiiiuiiiaduimsunnitfasesiuansveudal
pymeiinanszanesldfuasiihmiinaeuwesindids 5 wis uinnaeynafissUfise)

fe o a 1 oA =l o = a O [Y) [
aeUwesndudlvualuagnindlameunulansiniiavuiisesduaisveu
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4.7.3.3 wamsiATIERmewaila X-ray diffraction spectroscopy

——— Cu/C-KOH
e CU/C
Cu
wg Cu,0 E .
by i
s | |l 9)
z |/ o cu
B i Sp— ;
o
o Cu
£
Cu,0
: |
:;" ‘\ i ; Cu b)
! \ i
SN j\‘\.....,x..‘ Lj!\ o
T T T T T 1 T T T T T T
10 20 30 40 50 60 70 80

2-theta (°)

sU 4.23 nsmluanan1sidieauuvessadanaise (XRD) vesdiiauisenretiuailudnindu

59% Tagrmein uu a) Cu/C wag b) Cu/C-KOH

MnnsMsEsuLsdisnusdvewawindsufAtelave aouiainsingfalavy
(Metal loading) wuimnidouluuansiiendnvesnisuouduiiaiifinanunirenn (Broad
peak) Tutas 10° - 20° Fauandlifiiuinarfuousnlugusidansieildusenousomad
Tassaiedugiu wazmnnswasduimnidoulvazuanifiavdnvastans 3 Fafidiumis

=

Uszana 43°, 50° way 73° daduiiafivanadara 111, 200 way 220 auainuveslanzmaal

e o i

Wesidaaneilasiialangreuasfidumsfanauansinlavs revipioglusuvadlany
dase (Metal free form) fusealanewinfugudfoagluguues Cu’ thuea Fa91ngui 4.24
wuiwmwm%’uﬁmaaﬁaL'i'qﬂﬁﬁ'%mﬂmJma%%qaﬁmﬁlaaQuuﬁaiaq%’uméuauﬁmunﬁ
nszquiielnuvadeulansonlas wanairlanzasuilesinisnssateflavuiisesiv
ansveuikumsnssduisnimadelensenleddelifuiifiawazeuiugnsuiiginian

TDUANTUIU
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4.7.4 lavizdoswila (Bimetallic catalyst)

aaa [

4.74.1 n5ANYINITNITEEAIVRIMITIUNTEMIBmMALA Scanning  electron

microscope (SEM)

JUN 4.24 2w SEM (Adsueny 2500x) gorsfizelaveitag (a) reuilaslauead,
(b) TinAalaueas wag () fnhanaviuas 5 wt% UuAI5895UATSUBUNHIUNTT

nszAuselnuwvadenlansonlen

U 4.25 wansdTIdunsidefasuiseuuuasarinasuufsosunsuaud
nsvAuimelnuvadeulansenledlugnsndiu 5 wid% dlasvrniduieuluivinliifsosiu
nszauilafTian dehmslmnsidugurssiauiaufitemuigedvndandoyme
Tanzaouwesiinisnszanesusnifiuaynmmeruuisesiumivou fuandlugl 4.25 (2)
fussfisseeueslaveadoymaivunalvgigailesandusidinssusifuuasing
nszaefuuiuRavesiasessues Tumemsstudrudissufizendnifalavead 3U 4.25
(b) wazdinifiaredilod guU 4.25 () wuilavednifaiininsznemlanuazdiodaaiunig
nsganefmuetlaueanuarasUesinliounialdsiudafueteynilanziueyniavuin
TnggvinlaswWinsendvuadnuas fndfanihdmiuiAaufasonldun desannlansy
fnfaildunsiseinuimsessuldegramuizan uagayniafsiitetausounsidnly

melugngulfidesandsessulidnvarinsudeusoriuduauis
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4.7.4.2 nan5iAsIzvinemaila Energy dispersive X-ray spectroscopy

d g s [} aaa - ! at s L3 a 2/
M990 4.7 LLEWNENF’]‘U‘S%ﬂ'ﬂ‘U‘U@W]'JLiQUﬁﬂiEJ']Iﬁ%%L“UGﬂUUWﬁENiUﬂ’ﬁUBUV]N']Uﬂ’ﬁﬂ‘ﬁBﬂu

melnunadeulensanlas

Catalyst Carbon Oxygen  Copper Cobalt  Nickel Particle
(wt%) (Wt%) (Wt%)  (wt%)  (wt%)  size (nm)
CuCo/C-KOH 95.59 1.03 1.15 2,23 - 211
NiCo/C-KOH 94.27 127 - 216 2.30 80
NiCu/C-KOH 93.51 1.63 2.34 - 2.48 74

A d o a ¢ ¢ W i aaa a 1Yy
ANN1T19N 4.7 LNB‘VﬂﬂTﬂLﬂiqﬁﬂﬂﬁﬂﬂigﬂﬂUﬁqﬂlumﬂL‘J\'l'l.]{]ﬂ'a-EJ'WIEWWL'ENQ uLmLLﬂ

I3 = = L2 = = (-:I - as o L2 A 1
paUileslauaad fnlialausas waztniianauilasNiiaaduiumlI5a9sUAITUDUNNIUNNT

1%

nszumslnunadeulansenladniemaila EDX namsAnwsaLansluaIsed 4.7 wud
fswifsednifalaueaduarinifenavie e fidudues Metal loading MlenlnaLAes
fU 5 wi% wosmIdelangiimmun usnanddisnsiduilans dnfatulavead way
dnfarureUesludnsidlndifesiy essinlaneinifainisnszaneialdduagdae

duasunisnszaeivediaveasuazroUilasiiiivesifusuiniu diusiseufiseiney

Waslaveantilesidud metal loading A1n31 5 wt% vaInI1sidolaneNimuneIfinan

Tavgrauiasuarlaueanidunshsenudisessumdmaliouniasluminuilvunalveuays

1
3 = s !

Weswudiminaslaveasunnnitreues uenantidassfisefiesdusynaundndy

cad o

AdueuLazioondiuusngluedidudidr  Fuiuoendiauiiegluguvadlanzesnled
aonndasiuna XRD lusuil 410 usingfiadnvedlansesnladluiissfisenlany
uananiruneynIAdTe§AenduIniann Scherrer's equation WuiiABYAARILIS
Ujnsenilniiansuies inifialavean wazaeuieslaueaniuuin 74 nm, 80 nm uaz 211

nm AUAIAU




125

4.7.4.3 wansiAsizimemaia X-ray diffraction spectroscopy

cu Ni
C cu.0 ! Ni
U: } Cu Cu C)
P 4. . S L AN
—~~ Ni
S
(2]
= C coo Co Ni
Q Co Co b)
@ L o A
4]
e
[ Co
cu
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C CU:OCODA Cu o )
Cu
N D i a
] . I y T X i Y T T ¥ 1

10 20 30 40 50 60 70 80 90
2-theta(®)

d d" a L3 o/ 1 oA ]
U 4.25 nsluanenIsideaiunvesisdBneisd (XRD) vesiuswfiselavvaesyilnlu

Sasndu 5% Taetavidn Uy a) CuCo/C b) NiCo/C-KOH 1ae ¢) NiCu/C-KOH

nnssdeuLSiddnusdustvesiasaufisenlany aeariiafidnnsiaulany

i | = al Y 5 o aa
(metal loading) wmmmqau“l.ful,t.amwwaﬂmaqmiuauuﬁu ARNTiAIuNI19MIN  (broad

'
=l oes

peak) Tutas 10° - 20° Fawandliiudasusuainlugdgddaunserilduszneumeinad

2/ o [ " = @ s ] aaa
lAseasnedugu LLasmm‘i’lmsmmmﬂNaulmzl,t,amw;amaﬂmaqiawxmﬁwgﬂ'ﬁmaaﬂ

€al o

Wedlauaad sUf 4.26 (2) SRevdnvesnelilosuazlavaadidumtsUszann 43° uay 44°

Y

audeu dudufinfiuanddana 111 lasauduiialavelaveanganitreuiusiuansin

lavy ﬂaﬂLU@iaEﬂusﬂﬂumiamaas.,mﬂmﬂawuﬂaﬂmaimaamnT,aWT,ﬂU@a gn3mdla

unnlanzasUilasdannainanuiduussinvasnativasoonleandanuduuInn g

[

Tnusadeenled 3UTl 4.26 (b) fiftansnuesiinfauaslaueadiidumisUszana 45° uas 44°
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Abstract

Carbon supported catalyst have been successfully synthesised from cattail leaves via hydrothermal carbonization for biodiesel
fuel upgrading. This research study the effect of hydrothermal temperature (160-200 °C), reaction time (4-12 h) and influence of
co-solvent such as CH;OH, C,H;OH, H,S80,, and HCI treatment to porosity and surface area of carbon material. The sample have
been characterized by scanning electron microscopy (SEM), nitrogen sorption, fourier transform infrared spectroscopy (FTIR)
were employed to characterize morphology, specific area (Sggr), and surface function, respectively. The results revealed that
hydrothermal-carbonization process and co-solvent treatment have effect on the properties of supported carbon. The
hydrothermal temperatures and time were increased resulted in the surface area and pore volume of supported carbon gradually
increased leading to increasing metal distribution on the surface of supported carbon. It can be implied that the catalyst is good
catalytic activity

© 2018 Elsevier Ltd. All rights reserved.
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1. Introduction

Currently, the demand of fuel energy has dramatically increased according to the development of social and
industry section. The distilled fuel from natural resources are not sufficient for utilization in the country resulted in
fuel importation from abroad consecutively increased. Hence, alternative energy from renewable natural source is
attractive, especially agricultural country such as Thailand. Biodiesel can be produced from various vegetable oil and
animal fat through transesterification process. It presents the similar of composition and properties to diesel and can
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be used in diesel engine. On the other hand, the main drawbacks of biodiesel are oxidation stability and flow ability
at low temperature. Both properties depend on the degree of unsaturated of fatty acid composition in biodiesel.
Hydrogen atoms are substituted in double bond of unsaturated fatty acid in order to transform to saturated fatty acid,
Hydrogenation, which can increase resistible of oxidation reaction. However, the main unsaturated fatty acid
composition should be mono-unsaturated fatty acid in order to balance the oxidation stability and cold flow
properties of biodiesel. Partial-hydrogenation can control the occurred products during the reaction. It is conducted
in mild temperature and pressure. Moreover, the presence of catalyst is important key of product selectivity.

Biomass is considered to be a powerful and attractive renewable energy. It possess a variety of fascinating
properties such as superior chemical, thermal stability, high surface areas, good conductivity, and tunable structures,
by which they can be extended to the fields of adsorption, sensing, catalysis, energy storage and conversion,
separation science, etc [1] In addition, biomass that is a carbon source is also readily available and can be produced
consistently. Carbon support has been widely used as a catalytic support, owing to its desirable properties, such as
low cost, high surface area, abundant pore structure, stability in both acidic and basic media. Carbon supports were
prepared by hydrothermal carbonization process which produces a higher yield of hydrochar with higher energy
efficiency, higher level of carbon recovery, and lower ash content [2]. Hydrothermal carbonization of biomass in
aqueous media allows lots of oxygenated functional groups to occur on the surface of the carbonaceous material and
these functional groups play a very critical role for some applications such as for dyes or heavy metal ion adsorption
[3]. Although the surface area of hydrochar may be very important for manufacturing carbon-supported catalysts
with high performance, the surface oxygen groups, which form anchoring sites for metallic precursors as well as
metals, dominantly determine the properties of carbon support as a catalyst material. Furthermore, the hydroxyl
functional group can be formed on surface of carbon via co-solvent treatment method. A. Jain et al. [4] report that
the optimum condition for hydrothermal carbonization of Coconut shells were 275 °C with ZnCl, as co-solvent
which present the highest content oxygenated functional groups (OFG) and increase surface area. The high surface
area support result in better metal distribution which promote the effective of catalyst [5].

Cattail leave is a biomass composed of 38.5% cellulose, hemicellulose, 37.6% lignin, 12.8% ash, 11.1% [6].
Cattail leave are abundant weeds in Thailand. Therefore, Cattail leaves is interested to use as biomass for carbon
support synthesis in this research. Beside the obtained carbon support, weeds are eliminated as well. The parameters
for carbon preparation, including hydrothermal temperature and time, are investigated and discussed in terms of the
change of composition and morphology of carbon.

2. Experimental procedure
2.1. Raw material

Cattail leaves (CL) from Ladkrabang, Bangkok province, Thailand. Structure consists hemicellulose, (37.6%)
lignin, (12.8%) and ash, (11.1%) [2]. Cattail leaves was dried in vacuum oven at 80°C to remove moisture and
consecutively weighted until no further weight loss and crushed using a blender to obtain a fiber. Analytical grade of
alcohol (CH;OH and C,HsOH) and acid (H,SO4 and HCI) are provided to use as co-solvent for hydrothermal
process.

2.2. Synthesis of carbon material via hydrothermal process

Hydrothermal treatment of Cattail leaves were studied at various temperature, including 160 °C, 180°C and
200°C. Then, varying the reaction time for 4, 8 and 12 hours at the optimum temperature. 30 g of dried Cattail
leaves fibers and 60 mL of deionized water were mixed in teflon containers and placed into the stainless steel
reactor. The temperature was raised to the set values (160, 180 and 200°C), and the autoclave was kept at the
reaction temperature for 12 hours. After hydrothermal treatment, the product was dried at 80°C, overnight.

Moreover, the CH;0H, C,Hs;OH, H,SO4, and HC] were added as co-solvent to study the effect of co-solvent to
hydrothermal of Cattail leaves. Then, hydrothermal was performed at 200 °C, hold for 12 hours.

The dried samples were brought to analyze the surface morphology by Scanning Electron Microscope (SEM)
(Zeiss EVO MA10) operated at 10 kV. Fourier Transform Infrared spectroscopy (FT-IR) (Perkin Elmer Spectrum
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Two) was used to determine the function group on surface of sample. Structural was measure by using Raman
spectroscopy (DXR SmartRaman). The source of radiation was a laser operating at a wavelength of 532 nm.

3. Results and discussion
3.1. Composition of the raw materials and hydrochar

FT-IR results revealed the structure information of Cattail leaves and hydrochars. The absorption bands from
3680 cm’ to 3000 cm’ are assigned to OH stretching, and peaks around 1290-950 cm’ represent the C-O
(hydroxyl, ester and ether) stretching vibrations. The absorbance peak of C-H stretching at 3000-2800 cm’ 'indicates
the presence of alkanes. Peaks around 1600 and 1512 cm” are attributed to the stretching vibration of C=C of
aromatic. Peak around 1440 cm™ and 800-750 cm™ are bending vibration of aromatic C-H, representing aromatic
esters which are found in the hemicellulose, cellulose and lignin [7]. Moreover, Peak around 1380-1240 cm” are

characteristic of G and S lignin.
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Fig. 1. FTIR-ATR spectra of Cattail leave hydrothermal for 12 hr at (A) Cattail leaves (B) 160°C, (C) 180°C. (D) 200°C.

The FT-IR spectra of Cattail leaves and hydrochar with different hydrothermal temperature (160, 180 and 200
°C) are exhibited in Figure 1. The FT-IR spectra of hydrochars produced by the same feedstock are similar and they
differ only in the intensity of some peaks. The OH groups as well as aliphatic C-H peak 1nten51t1es of hydrochars
seems gradually decreased as reaction temperature increased. The FT-IR spectra at 1290-950 cm’ is decreased,
which means that the C-O linkage is broken under theses hydrothermal temperatures. The C-O linkage should be an
ether bond in hemicellulose and cellulose, while for lignin the C-O linkage is a methoxy group or an ether bond.
Methoxy groups and ether bonds are easy to decompose during hydrothermal treatment The remained benzene peak
around 1600, 1512 and 1440 cm™ and an aromatic C-H peak around 790 cm’ ! indicate that aromatic structure are
formed from hemicellulose and cellulose during the hydrothermal carbonization. On the other hand, lignin structure
is stable and still remain in hydrochars. Moreover, the adsorption band at 1700 cm™ corresponds to C=0 vibration
peak newly appeared, indicating the existence of carboxylic, ketone and aldehydes. It means that a C=O bond was
formed during the hydrothermal reaction which form by dehydrogenation of a hydroxyl group, as the hydroxyl
group is gradually disappeared from hemicellulose and cellulose body. However, the hydrothermal of cattail leaves
at 200 °C present the highest decomposition of hemicellulose, cellulose and lignin. Thus, it is high possibility to
transform the high porous carbon material.



Dolrudee Jaruwat et al. / Materials Today.: Proceedings 00 (2018) 0000-0000

143

150 ; T
1401 (0} lzihr ':ﬁtiﬁm“
AR L - i, —
1304 : P =
lenr :
120 4 o
18 anr
[ e . ™
- 1
®© 100 (A)baseline : i '
.*‘_“'f\'/:\/:-_w——mw—””"“‘\
—~ N
904 PN 25 N
| ' g 2850¢em* 1700em? ;
ol L] meeT A
?&:ﬁ?""' ! : 1600 em : : W
] L) A R
70 4 T t12emi Ogmendne  1290550cms
| :rmnn:‘c-:- ‘ : i 40
60 v T s T T e Y . v T
4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (cm™)

Fig. 2. FTIR-ATR spectra of Cattail leaves hydrothermal at 200°C for (A) Cattail leaves, (B) 4 hr, (C) 8 hr, (D) 12 hr.

The hydrothermal of Cattail leaves at 200 °C with vary reaction time (4, 8 and 12 hours) are studied and FT-IR
spectra of produced hydrochars are displayed in Figure 2. Compared with the starting Cattail leaves, the hydrochars
composed of complex aromatics with oxygen-containing, while alkane content decreased. It can be indicated that
decomposition of hemicellulose, cellulose and some lignin increase when hydrothermal for a longer time.
Meanwhile, the aromatization might occur.
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Fig. 3. FTIR-ATR spectra of Cattail leave hydrothermal co-solvent treatment at 200°C (A) Cattail leaves,
(B) non co-solvent, (C) HSO4, (D) CH;0H, (E) C;HsOH and (F) HCL.

The solvent, including H,SO,4, CH;0H, C,HsOH and HCI, are used as co-solvent in hydrothermal process of
Cattail leaves at 200 °C for 12 hours. The effect of co-solvent to functional group of hydrochars are shown in Figure
3. It can be observed that the FT-IR spectra at OH, aliphatic C-H, aromatic ring (1600 em™ and 1512 ¢cm™ ) and C-O
linkage are more remained when compared with hydrochar without co-solvent. The FT-IR results are not clear to
decide the effect of co-solvent. The detected functional groups may be of original cellulose, hemicellulose, lignin
and/or new compound and even the co-solvent. However, CH;OH can activate the hydrothermal reaction which can
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be confirmed with the SEM image in Figure 5F. The fiber of Cattail leaves are destroyed thus some of OH group
and aliphatic C-H are detected, representing the left of co-solvent. While, the C=C of aromatic and C-O linkage may

be lignin or new forming of aromatic compound.

3.2. Morphology of Cattail leaves and hydrochar

Fig. 4. SEM images (500x) of Cattail leaves through hydrothermal process at different temperature of
(A) Cattial leaves, (B) 160°C, (C) 180°C, (D) 200°C for 12 hours.

Fig. 4(a-d) shows SEM images of Cattail leaves before and after hydrothermal process at different reaction
temperatures (160, 180, and 200°C) for 12 hr. It can be seen that the fracture of structure morphology of Cattail
leaves gradually increase with the hydrothermal temperature increase. At higher temperature, molecule of water is

easier to diffuse into the Cattail leaves af matrix to break the polymer bond of cellulose, hemicellulose and lignin
which result in increased surface area and porosity.
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Fig. 5. SEM images (500x) of Cattail leaves through hydrothermal process at 200°C for 12 hr and
different co-solvent treatment (E) H,SO4, (F) CH30H, (G) C,H;OH and (H) HCI

The morphology of the Cattail leaves through hydrothermal with co-solvent (H,SO,4, CH30H, C;HsOH and HCI)
and without co-solvent (only water) at 200 °C for 12 hours are depicted in Figure 5. After hydrothermal treatment
with C,Hs;0H, H,SO, and HCI (Fig. 5E, 5G and 5H), the samples seem a little fracture due to they can be seen the
cell wall. While, the cell wall are completely destroyed for sample treated with CH;OH co-solvent (Fig. 5F).

3.3. Structural analysis of hydrochar treated with co-solvent
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Fig. 6. Raman spectra of Cattail leaves through hydrothermal process at 200°C for 12 hr
and difference co-solvent treatment (A) H,SOy, (B) CH;0H, (C) C;HsOH and (D) HCI

Table 1. Raman spectra information on hydrochar samples.

Sample Ip I cm’ (D band) em™ (G band) Ip/lg
CL (200 °C, 12 h H,SO4) 103.00 125.57 1356.89 1575.28 0.82
CL (200 °C, 12h C;H:OH)  131.29 150.53 1344.35 1587.34 0.94
CL (200 °C, 12 h CH,OH) 271.42 286.75 1338.08 1569.02 0.87

CL (200 °C, 12 h HCI) 155.46 210.32 1369.42 1582.04 0.74
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Raman data for Cattail leaves and hydrochar were presented in Fig. 6. The D (1345 em™) and G (1582 cm™)
bands associated with defects and the graphite structure of carbon, respectively, were detected for all samples. The
Raman peak intensity ratio (Ip/I) can be implied the structural defects graphitization or crystallinity ratio in sample
[9,10]. This intensity ratio indicates the disorder of carbon atoms or defects in graphite structure, and high Ip/Ig
ratios indicate that there are more carbon defects. The Ip/I; values for the H,SO,4, CH;0H, C,HsOH and HCI were
calculated to be 0.82, 0.87, 0.94 and 0.74, respectively.

4, Conclusions

The hydrothermal temperature and co-solvent treatment are mainly effects on the morphology of hydrochar.
Higher hydrothermal temperature and time can more decompose of hemicellulose and cellulose. However, the range
of studied temperature (160-200°C) is not sufficient to fracture the lignin. The adding co-solvent effect to graphite
crystalline of hydrochar.
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Abstract. Hydrochar have been successfully synthesized from Cattail leaves via hydrothermal carbonization. This
research study the effect of hydrothermal temperature (160-200 °C) and reaction time (4-24 h) to develop porosity and
surface area. The sample have been characterized by scanning electron microscopy (SEM), Fourier transform infrared
spectroscopy (FTIR) and Raman spectroscopy were employed to characterize morphology, surface function and
disorder in carbon structure respectively. The results revealed that hydrothermal-carbonization process affect on the
properties of hydrochar. The hydrothermal temperatures and time were increased resulted in the decomposition of
hydrochar gradually increased amorphous carbon and aromatic groups on surface of hydrochar. Cattail leaves was
hydrothermal carbonization at 200 °C for 12 h resulted in the most degradation of hemicellulose and cellulose.
Keywords: Hydrothermal Carbonization, Cattail leave, Biomass.

INTRODUCTION

Renewable energy development in Thailand has increased to replace the dependence on coal, natural gas and
petroleum due to rising domestic consumption and declining production. Therefore, renewable energy from biomass
is an important to reduce the import of fuels and the emission of greenhouse gases. The similarity of biomass
characteristics with fossil fuels make it unique to be used for power, heat, and fuel generation. Thailand is an
agricultural country, there are many residues from agriculture such as rice straw, coconut shell, palm shell and weed.
We are interested in using biomass and waste for significant environmental benefits, energy security and long-term
sustainability [1-2]. Biomass refers to biological matter or waste obtained from living organisms that has solar
energy stored in it. It is deemed to be a potential energy source and is considered to be inexpensive, clean, and
environmental friendly. Biomass is a lignocellulose material composed of hemicellulose, cellulose, and lignin are
considered to be an abundant and renewable resource which can be converted into solid, liquid, and gaseous form
using biochemical, physicochemical, and thermochemical technologies [3].

Hydrothermal processing is a thermochemical process that involves thermal disintegration of biomass in hot
compressed water, wherein a series of complex reactions causes changes in the water's physical properties [4]. The
biomass-to-carbon conversion can proceed under relatively mild conditions (less than 300°C) [5]. During HTC, the
carbohydrate components from biomass are broken up and dissolved in the water, following a complex cascade of
aldol-reactions, cycloadditions and condensations, a carbon rich solid product is obtained. The remaining liquid
phase contains some unreacted sugars and/or oligomers that can be used for a variety of practical purposes such as
for example the production of bioplastics and biofuels [6]. The HTC process is very attractive due to its simplicity,
low-cost and energy and CO, efficiency, it can also be classified as ‘‘Non toxic’” since it does not involve organic
solvents, catalysts or surfactants. Hydrothermal process is energetically favourable when compared to traditional
pyrolysis, because it uses milder conditions, does not need previous drying of the precursor and is exothermic.
Moreover, HTC processes avoid gas emissions and the formation of tars, which are unavoidable during pyrolysis.
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Finally, the advantages of HTC in comparison with other carbonization treatments due to the high efficiency of the
process since most of the carbon stays bounded to the carbonaceous material [7-8]. The main product of choice is a
solid product known as hydrochar thus, the process selected is hydrothermal carbonization. The hydrothermal
carbonization process produces a higher yield of hydrochar with higher energy efficiency, higher porosity, higher
level of carbon recovery, and lower ash content [9-11]. Hydrochar have attracted continuous attention due to their
wide current and potential applications. They possess a variety of fascinating properties such as superior chemical,
thermal stability, high surface areas, and tunable structures, by which they can be extended to the fields of
adsorption, sensing, catalysis, energy storage and conversion, separation science, etc [12-13].

In this research, There is interesting to use Cattail leave as a raw material for the production of hydrochar
because it is a carbon source. Cattail leave is one of the most common weeds in Thailand. It can be found worldwide
in wetlands, fens, margins of ponds and lakes, roadside ditches, irrigation canals, and backwater areas of rivers and
streams [14]. Cattail uses solar energy to grow rapidly and can breed in large numbers. It has an impact on the
environment and waste water. Cattail leave is a biomass composed of 38.5% cellulose, hemicellulose, 37.6% lignin,
12.8% ash, 11.1% [15]. Objective of this research, to investigate the morphology, functional group on the surface
and disorder in carbon structure of Cattail leave were reacted by hydrothermal carbonization. The parameters for
carbon preparation, including hydrothermal temperature and time, are investigated and discussed in terms of the
change of composition and morphology of carbon.

EXPERIMENT

e Raw material

Cattail leaves (CL) has derived from Ladkrabang, Bangkok, Thailand. Structure consists of hemicellulose,
(37.6%) lignin, (12.8%) and ash, (11.1%). Previous to HTC process, cattail leaves was dried in oven at 80°C to
remove moisture and consecutively weighted until no further weight loss and crushed using a blender to obtain a
powder. these precursors were ground and sieved. The particle size of 1 mm was used to produce the hydrochars by
the HTC process.

e Preparation of hydrochar

The hydrothermal process (HTC) of the precursors was carried out in a 50 ml. stainless steel autoclave using a
volume of 60 ml. of deionized water and 30 g of biomass. The mixture was sealed into a Teflon vessel and then
inserted in the autoclave, The reaction occurs in the range of 160-200 °C and 4-24 hr. (Table 1. shows the labels and
reaction conditions) After hydrothermal treatment, the product was dried at 80°C for overnight.

TABLE 1. Conditions of cattail leaves derived hydrochar

Sample Temperature (°C) Time (h.)
CL160-4 4
CL160-8 8
CL160-12 160 12
CL160-24 24
CL180-4 4
CL180-8 8
CL180-12 — 12
CL180-24 24
CL200-4 4
CL200-8 8
CL200-12 200 12

CL200-24 24
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e Characterization
Yield (%) of hydrochar was calculated as the applied formula.

Y(%) = x100
m,

Where Y is the yield (%) of produced biochar, m is mass of produced hydrochar (g), and m0 is raw cattail leave
biomass (g). Fourier Transform Infrared spectroscopy was used to determine the function group on surface of
sample by infrared radiation source. The FTIR spectra of the samples were recorded between 4000 and 400 cm™” ina
Perkin Elmer Spectrum Two by ATR mode. The dried samples were brought to analyze the surface morphology by
Scanning Electron Microscope (SEM, Zeiss EVO MA10). The specimens for SEM observation were prepared by
depositing the powder sample onto specimen-stubs with conductive double sticky carbon tapes, and then sputter-
coating the sample surface with Au to prevent electrical charging during examination. Imaging was done in the high
vacuum mode under an accelerating voltage of 10 kV, using secondary electrons. The structural was measure by
using Raman spectroscopy (DXR SmartRaman). The source of radiation was a laser operating at a wavelength of
532 nm.

RESULT AND DISCUSSION
e Yield of hydrochar
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FIGURE 1. Yield (%) of hydrochar products through hydrothermal process at (a) different temperatures (b) different times

Fig. 1a and b shows yield (%) of hydrochar products through hydrothermal process at different temperatures and
times. Hydrochar presents the main solid product of the process. The increase of reaction temperature leads to a
significant decrease of solid yield due to moisture content in the structure was eliminated and the decomposition of
the hemicellulose component and some of the cellulose and lignin. Increasing the temperature from 160 °C to 200
°C reduced the yield on average by 30%. The yield of hydrochar significantly decreases with temperature. Biomass
loses more mass at 200 °C than at 160 °C and 180 °C. The higher temperature causes a relatively increase of solid
mass loss, which can be due to the greater effect of water in the hydrolysis reaction [16-17]. The temperature of 200
°C seems to show the least of yield. When the reaction time is longer than 12 hrs, 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 the temperature.
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o External surfaces of resulting carbon using SEM

FIGURE 2. SEM images (500x) of Cattail leaves through hydrothermal process at (a) Cattial leaves, (b) CL160-4, (c) CL160-8,
(d) CL160-12, (e) CL160-24, (f) CL180-4, (g) CL180-8, (h) CL180-12, (i) CL180-24, (j) CL200-4, (k) CL200-8, (1) CL200-12
and (m) CL200-24

Scanning electron micrographs of the surface morphology of the feedstock and different reaction temperatures
(160, 180, and 200°C) for 12 hr are given in Fig. 2(a-d). After hydrothermal treatment significant changes on the
surface morphology can be found at different temperature. When increase temperatures provide polymer bond are
more break compared to the feedstock. At temperature of 200°C showed that the hemicellulose were destroyed
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significantly because water molecules can diffuse through the structure dramatically. This structure implies that the
formation pathway of hydrochar may be attributed to hemicellulose hydrolysis followed by polymerization reaction
since both stage temperatures are less than 230°C. Therefore, At temperatures below 230°C, most of the
decomposition is hemicellulose, followed by cellulose and lignin, respectively. Temperature has a significant affect
on the fracture structure over reaction time. At temperature 200 °C for 12 hr is optimum condition for surface
improvement of hydrochar which result in increased surface area and porosity.

e Functional group of the raw materials and hydrochar

TABLE 2. Conditions of cattail leaves derived hydrochar

Wavenumber (cm™)

Functional group

Description

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 Vibrations 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 hemicelluloses

860-724 C-H bend Aromatic

The FTIR patterns of feedstock and hydrochar are shown in Fig. 2 and 3. The typical FTIR functional groups can
be identified. The results are presented in Table 2 that spectra of feedstock mainly possess peaks at around 3680-
3000 cm™ are assigned to O-H stretching from lignin, peaks around 3000-2800 cm” represent the C-H stretching
(Aliphatic). Peaks around 1700 cm’ are attributed to the stretching vibration of C=0 of from cellulose and lignin.
Peaks around 1600 and 1512 cm™ are stretching, representing aromatic which are found in the lignin [19].
Moreover, Peak around 1380-1240 cm™ are C-O stretching of lignin. Peaks around 1290-950 cm™ are attributed to
the stretching stretching of C-O from Hemicellulose esters. The peaks located at 1420 cm !, which can be related
to C-H deformation in lignin and carbohydrates. The absorbance peak of C-H bend at 860— 724 em’ indicates the
presence of aromatic.
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FIGURE 3. FTIR spectra of hydrochar for 12 hr at (a) Cattail leave (b) CL160-12, (c) CL180-12 and (d) CL200-12

Fig. 3. shows FTIR spectra of hydrochar products through hydrothermal process at different temperatures.
Compared with the spectrum of feedstock, some differences appear after HTC treatment at 180°C. The absorption of
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feedstock at 1700 and 1290-950 cm™ disappeared at 180°C due to the majority of the hemicellulose is decomposed
[20]. However, other peaks show snnl}anty to feedstock. When the reaction temperature increases to 200°C, the
cellulose peaks at around 1060 cm’ " (C-0 stretching vibration) disappear, indicating that the cellulose is slightly
decomposed. The reduction of the oxygen functions group corresponds to the O content. In addition, with
temperature rising, the bands at 1600 and 1512 (C=C stretching vibrations) and 1700 cm’ (C=0 stretching
vibrations) become wider and stronger obviously, and the absorbance peak corresponding to aromatic C-H appears
at 860—724 cm™. These changes suggest that the aromatic rings are formed and/or recombmed at higher temperature.
In contrast, the broad absorption band corresponding to O-H vibrations at 3680-3000 cm’ ! decreased with increasing
temperature of the reactmn It can be confirmed that the dehydration reaction occurs. While, the bands 3680-3000
em’ and 1700 cm™ represent O-H stretching and C=O stretching groups. It also shows that the hydrochar are
divided from cattail leaves, forming oxygen-containing functional groups. The peaks at 1380-1240 cm’ "indicate that
C-O groups decrease, meaning that lignin begins to decompose. The hemicellulose is significantly degraded at
200°C but cellulose decompose at 230°C and lignin begins to decompose at about 260°C due to its highly stable
structure. Therefore, hydrothermal temperature at 200°C is optimum condition for improving the oxygen function
group of hydrochar.
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FIGURE 4. FTIR spectra of hvdrochar at 200°C for (a) Cattail leave, (b) CL200-4, (C) CL200-8, (d) CL200-12 and (¢)
CL200-24
Fig. 4. shows FTIR results, as the reaction time increased, the peaks of the aromatic functional groups became
stronger, and the C-O groups showed weaker signals. The changes of the relative peak intensities of hydrochar
suggested that cattail leaves underwent dehydration, decarboxylation and condensation polymerization during
hydrothermal carbonization. It can be indicated that decomposition of hemicellulose, cellulose and some lignin
increase when hydrothermal for a longer time. Meanwhile, the aromatization might occur.
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e  Structural analysis of hydrochar

G Band
DBand
s FA
Fava!
—~ ’,") %i
3 \
© 200°C P
lll Beachum—_—_ 4
2 | 180°c P ~"\
i) Ne
E Jf...\
e
160°C ” \
S i .// e Y
Cattial leave /’*/L
T . T i T ' 1 i T ¥
500 1000 1500 2000 2500 3000

Raman shift (cm™)
FIGURE 5. Raman spectra of Cattail leaves through hydrothermal process at 200°C for 12 hr and difference co-solvent
treatment (A) CL, (B) CL-160°C, (C) CL-180°C and (D) CL-200°C

Fig. 5 shows raman spectra of hydrochars. Two strong peaks above 1380 and 1570 cm”’ can be seen as G band
and D band respectively .The peak at 1570 em™ is attributed to an E,, mode of graphite and is related to the
vibration of sp’~bonded carbon atoms in a 2D hexagonal lattice, such as in a graphite layer. The peak at 1380 cm™
corresponds to vibrations of carbon atoms with dangling bonds in plane terminations of disordered graphite [21].
Table 3 shows the I/l values for CL, CL-160°C, CL-180°C and CL-200°C were calculated to be 0.59, 0.70, 0.75
and 0.85 respectively. This high intensity ratio (Ip/lg) indicate that there are more carbon defects. The hydrothermal
temperature at 200 °C provide the most amorphous structure.

TABLE 3. Raman spectra information on hydrochar samples

Sample Ip | em™ (D band) em” (G band) Ip/Ig

CL 48.11 80.28 1383.35 1581.47 0.59

CL160-12 136.98 193.67 1352.30 1577.81 0.70

CL180-12 86.69 115.66 1390.65 1569.60 0.75

CL200-12 233.58 273.39 1375.13 1569.60 0.85
CONCLUSION

Cattail leave was converted to hydrochar by hydrothermal carbonization at 2000C for 12 hr in this work. The
temperature are mainly affected the solid yield, the chemical and structural properties of hydrochar. With the
increasing of reaction temperature the hydrochar yield decreased above 30%. The hydrochar derived from
decomposition of hemicellulose, residual of cellulose and formation of amorphous carbonaceous compounds during
HTC. While, The cellulose and lignin are thermally stable components. It decomposes when hydrothermal at higher
temperatures. The influence of thermal decomposition process parameters improved product characteristics and
provided the HTC process a promising technology for enhancing biomass fuel properties.
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Metal/support catalyst

Cattail leave is a weed that grows rapidly and was difficult to remove. which
affect the environment It was a biomass composed ‘of _cellulose,
hemicellulose and lignin. [t has hydrophobic preperties, whichiare similar to
hydrocarbon oil. As & result, The Cattail leaves have the ability to attract oil.
Therefore, It can be used as carbon support catalyst for efficient biodiesel
production. Because it has a high surface area, resulting in the biodiesel has
the ability to react with the catalyst more, In addition, 1t adds value to the
natural resources available in nature.
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detected functional groups may be of original cellulose, hemicellulose, lignin
and/or new compound and even the co-solvent. However, CH.OH can
activate the hydrothermal reaction which can be confirmed with the SEM
image in Fig. 5F. The fiber of Cattail leaves are destioyed thus some of OH
group and aliphatic C-H are detected, representing the left of co-solvent.
While, the C=C of aromatic and C-0 linkage may be lignin or tiew Torming of
aromatic compound.
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Fig. 4. It can be seen that the fractire of structure morphotogy of Cattail
leaves gradually increase with the hydrothermal temperature increase. At
higher temperature, molecule of ‘water 15 easier to diffuse into the Cattail
leaves matrix to break the polymer bond of cellulose, hemicellulose and
lignin which result in increased surface area and porosity.

Fig 5. After hydrothermal treatment with CH:-OH, H.S0, and HCI (Fig. 5, 56
and SH), the samples seem a little fracture due to "En"y gan be seen the cell
wall. While, the cell wall are completely destroyed for sample treated with
CH3OH co-solvent (Fig. 5F).
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Table 1. Raman speclia information on hydrochar samples.

Sample I L Dband(em?) Ghand(em) o/l
€L (200 °C, 12 h H,;S0.) 10300 12557 1356.89 1575.28 082
CL {200 °C, 12 h C;H,OH) 131.29 15053 134435 158734 054
€L {200 *C, 12 h CH,0H) 27142 28675 1338.08 1569.02 087
CL{200°C, 12 h HCl) 15546 21032 136942 158204 0.74

The hydrothermal temperature and co-solvent treatment are mainly effects on
the morpholegy of hydrochar. Higher hydrothermal temperature and time can
more decompose of hemicellulose and cellulose. However, the range of
studied temperature (160-200°C) is not sufficient to fracture the lignin. The
adding co.solvent effect to graphite crystalline of hydrochar,
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