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Abstract

The utilization of biomass has recently gained great attention in recent years
owing to growth of global environmental concerns. Oil male palm flowers and oil palm
empty fruit bunch are one of agricultural waste materials produced from palm oil
processing. The aim of this work was to study the morphology of carbon materials derived
from biomass oil male palm flower (OMPF) and empty fruit bunch (EFB) via hydrothermal
carbonization (HTC) at different temperatures 160-200°C and 4-12 h followed by
carbonization at 300-900°C under nitrogen atmosphere for 2 h. The physiochemical
properties of carbon sample were characterized by scanning electron microscopy (SEM),
Fourier transform infrared spectroscopy (FTIR), and sorption analyzer. The results
demonstrated that the increase of hydrothermal temperature, hydrothermal time, and
carbonization temperature resulted in the formation of carbon materials with higher
surface area, porosity and carbon content. Our results revealed that carbon derived from
OMPF and EFB via HTC at temperatures 200°C for 12 h and carbonization at temperature
700°C for 2 h optimal condition exhibited porous structure with highest surface area,

which can be further applied for absorbent applications

Keywords : oil male palm flowers, empty fruit bunch, hydrothermal carbonization,

adsorption.
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- $hsfutndudv (Crude Palm Oil)

' ' v
a (% td\lw [ o w (% a

1. wanduanlaannisnay dnsfuidudv dlvldduingavlugrainnssuemis wu

q

[

guamNIINNINEnUEnIAsESI3U wewey lern3u wudumnu ay Wudu

Y

[ a

2. wandanfldannisuenladiduuigvsesnainiiduinduuians (RPO) THluingau

9 9
[

lugmaimnssuemsimieadunismeannada 1wy vunvuRe 811snendsagy
QUANVNTTUNMINAALUELTIBY LUENT ATIRIUNTIEL 18]

[ a

3. NAnS N landsa1nn1sndu WiTulrdudu Iduinafuluanainnssunisudnay

I
9 9 Y

a

geamnssuledlainlinea N1snanInndiu E 5ud geamnssunisuantulofiea

- idfumdaluthdu (Palmkernel oil)

1. wdnfasiiildannisndu didundelutdu Mdutngivlugnamnssundnay
PAAIMNITUBINT LBU wNTumI LornIu wev1d “a 1dlugnainnssuledlawniinea
geamnssuledlawnlinea soue gaamnssun1snantulefia

2. wdafuaiildannisuenlaviduuignioonanthdulnduviand dutnghulu
PRAINNTINDINIT LUU ERAMNITUNITHAALUELTEN LUEVTT ASNRTUNTIVUN 189 53UE9
gramMnIIunanayledlainlines

3. wan Susiildndannisatnihdusenanudsluda Wnnudeluiida Moy
givlugeamnssuemsdn’

_ pzaneUnduan (Empty Bunch) anunsauiluifudemadmsunteleth

- duly (Fiber) annsnihluifudewdsdniundele

- nzan (Shell) annsniluidudomasdmivndoloth

- vy 1nnsruannsulssUidiniisu ansovyudeuianndaufaiinindionde
nszualnih

- nnAznautiiiu (Cake Decanter) anwnsnthanudndutledunie

- Tuthdu/mdlu Tsslendlumsaquinfunieluauiiduiii esnwenutulufy

& o & 1 3 £ = A & ¢ v ¢ 3w v va
UDNAINU N8N 6 LADU VIW\TIUGUSEJ@EJ?{@']UﬂaquL‘lJuE]‘LW]?EJ'N]QV]Lﬂu‘ljigiﬁﬁjum@@u‘u"Ialluqllulﬂ@ﬂ

A¢

S .
2.2 ¥2u7a (Biomass)
P98 (biomass)  tTuwnEINEINURLLIBUNANNUNAIIUIINANBINIRGTIA1NNTT

damsziisiauauaziinnsnuReugudIgdnlalusssund aunsatnndadundsnuield

1 1 o w

NABNUNSIUN LA NS U oaTaTag o199 atare1anunadls F981u7adudu

Y

A159UNTINIANFTTIN WY wazdnd NIoNTZUILNITNNIININALAATUANNSITUVIR FuatTy

wasuAliTunue awisathuindadundanuld Inefignatulsznauludiesiauan e



asueu lelasiau senTau Hundivsinaeslulasaulassndug umgegsndnties e

vy
v

S oA & Ay v a aaa o = a 1 Aa 3 a <,
uu&l@%ll']ﬂll']f]‘mﬂw‘lﬂfﬂ']ﬂaﬂllsﬁjm Wﬁuaﬂiqﬂlﬂﬂﬂaﬂmqﬁﬂ VlﬂJﬁ'W!?’\l']i‘Ua‘U 1@1@5“’01«! 29NYLAULUU

[ 7 £
v a

paAUsENoUMEN bugURUUANY MallonRvzaunsaduunuainvestinald [10-11 1 Al

- ewlil (Wood  Residues)  Lluunaandsudiunaiegluglveudsiiintuuinly

geamnssuildl Fedwlngdeanisldiiesuadiuresddunsetiold diunmae As lukazisinu
| = 5 4 Y oan ° v ) I3 ° Y a
f1993TURREIINNTEUINNswUT UL lilanansathuildmuingUssashanunsathuildudn
nasule

- LABNTNANIINITINEAST (Agricultural  Wastes) Lﬁumwi’a@mﬂqﬁtﬁmmﬁwamq
nsnERs 1w W dedalne eudes wnau wasiauin Wusy wyiasmdsldivaiiidiuiu
1NNLALAIUNTAEILNARNEULA LY U

- @wfinaandnd (Animal Wastes) dslfjpaaindnidusunamnn dainannisidesdnily
) A & & a A P a & Y] %
anueNUuUnITY miswsmawgQaimmﬂwawmmiawamLﬂuwaqmu"l,@

- youndeldnyuvu (Municipal Waste) wieanaseninvezguwu unainnisuslan
Yaauywdniin1sievasmasltluanimaes Fsludiaslugviselunndusuiadssuinsvuiwiuge
g9t US U IMARINTUA TN

2.2.1 89AUSENAUVDIYINIA (Biomass Compositions)

29AUIENBUVRITIINAYSdaNsTRlUaznUIeandu 3 dundn Ae

1. MUY (Moisture) nungds USinanhnavauegludinma dauuinizinnnuaiurout
fgjqLWimﬁumamammamimwm fdean15u e dundsnulaeniswnludanudulianisiiu
50 Wosidus

2. A lngild (Combustible substance) d@uiinlngilaaznusaandu 2 d@u fo

- @1358me (Volatiles Matter) fe dvuiianuvdlading dsudualaidian Volatiles
Matter gauansinazanunsadaliladng

4 A . & | A o v = 1%
- A15UBUANN (Fixed carbon) Aa diuiaiesvedlassadisluanavesiuialsenaunie
I ] | " A ¢ iz Do & Ao A v ) A A ' a
asusuludiulvg FunaniiivesiudmsueuninvsetegazdunUldalii doumginisyndin
s anusas lunsinlnazdn
3. duwnludlale v3e U (Ash) Ae dulszneveliuvsgnilegluduiangneendlad

a

¢ ! 1 & v c ¢ X w = ' o 1
ﬁll‘UEm mmamﬂwm%mmmﬂizmm 1-3 LUBSIYURN TIVLDI1VDITINALARZUTZLNNALUTAFEIU

o

29USUIUTLDILANAINY BAIUNINLNAULAT NI zLFAFIUTDNUINAINUTEUIU 10-20

wWesiud deaziifamlumsenluduazingn
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2.2.2 93AUT2NBUYBLENTIN
a & a a = o I3 W s A vvy
astaunatuiivanvangyilagesiusenoudeiu asdusznaullesduldun waglaa e
fwaglaadniu ule uaglusiu duldfesdusenounanloun waglaa antu sufeivayulng

=

WilB LA USU1UU8999AUTENBUNALLANANNY @15TILaA19TRANY aullasrUsenausneiy Wiy

v A

= .:4' = v s = = P o aa ! Y]
ﬁiU‘WGUlILLﬂQlﬂﬂ Iummzwsﬂ@\iLaﬁ‘ﬂqﬂﬂﬂamjmiﬂimuwjﬂ Lu@\‘mqﬂﬂJIﬂiﬂﬁﬁ'NVl'NLﬂNWLLWﬂWWQﬂu

o

1%

nviruaRveINsldndsnuanstunanuseneusie anluwaglad avdseneulume waglaauas

vd

UIULNLAEAANIAINUIA "ZNEN@‘LJ? NOUVDIATTINIBRAIT

'
)=

Andudnuiuann wu auly fai
[12]

2.2.2.1 \waglad

o

waglad (Cellulose) Wudiudsenaunaniiddyveseadtuntaiy diulvajasnulunds

<
'
=

waduesity agsauiuieliwaglad uardniiu Inedndu wedudnanlse (Polysaccharide) Usunaui
wuusnisuluTuegiusiinuazdiuvesiin wagloadulalulndiues Tanvusdudunss lWifs
fu iwaglaausznausomhedesie win-A-nglalwilua (B-D-Glucopyranose) [Wessiase
WuszLun 1,4-lnaladdn (B-1,4-glycosidic bond) iadulndiues nguau (slucan) danuend
ANSITNTIRUTELNA 10,000 wine Bawmileafusieiuselelnsiau waglaadlassaiadundn
uananiaglaaiinuluisliidosounasdoudefianumudensalduinnds wfiwaglaa s
wagladrarunsagesaatsliniusssu@ wazanunsaunndmeeniluniegesvengladlilng

nswssunaeiilagldnsaviseuanianuntuiasaamgiigs [13-14]

CH,OH r:Hon CH,OH

i
/O\

b KoK

U 2.2 lassasamaeilveswaglaaiuszneuluianavesnglas [14]

2.2.2.2 \gflvwaglag

iefiwaglaa (hemicellulose) Wusadusznevluntiawadvesiiy Fsegsmiuiwaglas Lod
waglaaduaisiulansn (carbohydrate) Uszinnwedudnalss (polysaccharide) Tuluanaves
ifivwaglad W heteropolysaccharide tanivaslslndiues yanmaniasiieg nanevianau iy

iy nalaa (glucose) wuulua (manose) lalad (xylose) wazars10lua (arabinose) danuaglugy
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Indweslouay wunuy muanusu wagersiduuuiimiueniadeyszana 200 e Taoluned
wosluau f-lelaa fudinannniigne fesay 85-93 drussduszneudu WU nglaa nsangddls
iin nsanuanglsdn sgnuiinaies Taglslaafinuazideusdeiiusziudi 1,4 lnaladdn gas
Imaqa‘lmma?{a A8 (CsHgOq), Lﬁaamﬂaﬂ%ﬁwaLuaﬂim%’usﬂaaLaﬁmaq‘[,aawhﬁu 50-200 lagdl
uainningaglaadauisoaatenusslaienityaglaa wazielwaglaaidudiuiuuin

aunsnazanglaluasazanuLud [15-16]

oM

6]

sU 2.3 Tassasnalutanavoslouau [15]

2.2.2.3 anfiy

anflu (lignin) Tassad1aluianavesdniu \Wuwedudnailss (Polysaccharide) fifivuna
Tuanavinalug uasiuasdszneussaveslananinuludusiasadvesiiv wuluuIunad
wansalumuetinfivlusssuyd andududnteiumaglaaliligngesaaisliielnaieuled

¥
U =

Y049aaunse wazldaaevslunsauazanann unasnnu andududrulszneundrgyveuieobe

6’0191 C% (3

iy Inenuludinvesniawad inlindueadiivuiause egsauiuwaglad (Cellulose) waz 1ol
\waglaa (Hemicellulose)  Andutfulaninelswediuesnilassairouuy 3 @ Linnudn
Usgnaume asusenauszlsun@n 398n Usenausig tran-p-coumaryl alcohol, trans-coniferyl
alcohol ag trans-p-sinapyl alcohol uaﬂmﬂ‘fﬁmLaqaﬁumﬁﬂﬁué’fqL%Mﬁi@ﬁumiﬂizﬂauaﬂi
WAN3uSnuINIe 1@ vanillin WAy syringaldehyde  gn3lAs9a319ves tran-p-coumaryl

alcohol, trans-coniferyl alcohol &g trans-p-sinapyl alcohol [16]
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. H,COH H,COH
Iij:l'ﬂii 2GO 260

cH ul.’l‘n ﬁl[

|

CH CH CH
4

OCH;  H3CO OCH;

OH OH OH

(a) (b) (c)

E‘U‘ﬁ 2.4 1A53a519994 (a) tran-pcoumaryl alcohol (b) trans-coniferylalcohol wag (c) trans-p-

sinapyl alcohol [16]

2.2.2.4 uda

uils asfindrewaglaa unedudamlsdiiAnainnglaaduauvassiuluanaunsiodu &
TnssasaduauuuansgauasAsfnuaan fusznoude ginvesinglaa uignifoniulasiusy
wearhnglaledf osnanuuandsedlassadsiusseagloaavansth uisdruvesutag
avaneluihfeu (azluiaaﬁﬁﬁmﬁfﬂimaqa@?al,wi 10,000 9UD9 50,000 Uszanas 10-20 wasidud
vosutl)) wasvdnitliazaiei (exlulamndu dellwminluanadsusd 50,000 1 100,000

Usvanad 80-90 wWesidud vesutl) lnenudegnnuuiiaduwdn sin uazaeiu

2.2.2.5 WAy
Lsfu (Protein) Wuansuszneulianavuinlva@nsaasilunaemgnindiueslsdidi

mieiu AuantRfireiuIuiutinvensnes dluwasdnsidiuvesasdusenauvaininasiluay

[y

avuvedlndwestsiwtu WWshulilvaisusenouiiugiuvetanstinataziidndiutosninaiumi

YDIAITAINUNNATIUN

2.2.2.6 d150u9 (Bun3duazaiunss)

oAl = AN e

USunaretansusenaudunsdaudlavainratsduiusila @158unsgndianuiuann laun

nAwesea (M0g1e Wy Wduinniafuetd vl waginduainiiyyiiagie) wazglasa lu

o
¥

douuaziuln fe8199u9 WU danaeeil 59ATRg WoTUL waslis fauddiasnuaiswaiille
tesuinuaunlenldiludiunauvesenarsiiuatulsznauldimeaisusznoudunid

lutanavuialvg wideslsenausmeaiseliunidwu Aaluduiutes siglaneiiugiulawn

=

IS LY a A aa a 3 a a
uAaL@en lnunadon Weanesa wunill@en d8neu RIEAN IR widnuazlanel @suagsusunn

¥
v v

FuiuviinvesingAunnu
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2.3 ddiau
ay A4 A a R v Y v I3 a e A a a ¢
GHEEAMN (Dye) Q] ﬁGUUWWUQW1EmUﬂ758@3JLau&[,EJGU@QN'] 91992 UUANTDUNTENIDENTOUUN Y
M Y A I = A a a v a Yy a ! - ]
ﬂ‘l@ LWl UUNANTONIaTLDA ﬁEJaﬂJU']\TGUUWaSa']EJUWIW mﬂﬁuuﬂ%lmmmmasmﬂmLLG}%

azangludiiazaedunidle Wieihddeululdlunseuiunisdenagyililuanavesddeuduniu

[ ' '
CY Y =

Wlvlulanavendulelagagyinaralassairmdnvesinguudingy deerainiusslessiin

v v

(lonic bond) n3euszlAaw (Covalent bond) fuingiideansdexlaunse dMiuanddey

tuinandianaseuluiuszAdeedluluianavesddeutduiinuaiuisaganiundsauluyag
[ ! [ v = < a o ! = v a
AlAnSuR19L NAIULATANEANBUTIUAZEIANEIIARUYIL 400 -700 WlulunT Fdaund
lassaiamnauanasieiuagianiuaansalun1sganfuna I uLaYIRNe1IAGUAN Ul
= 1 Y = o S v ! 8 v a9 v & v <
Feangmansaunmla Juihiluanaddousdradnudiuuansdlvisuiumeasntesnuiiy

aneiuly etlisanansanveddousantallu 2 Ussianlvejq Ao

14

1. @dousssurad (Natural dye)

2 Y a ! a & U & oY a | o |

WUAGoununa1nkrasssuenf tnganizivwardn? 28auNU1analuusenauiy 1u
dauandu dunen dunduuden duinduly Wudu fegraty dmangnuzinds dunkuain
FUAIY Andesantilelilee Auanainaannsstinis Auasainsndudy duddounundad wiu &

119UA9T8IASY ALaRnneedITrLIL Ludy

2. @doudaunsnzi (Synthetic dye)

& v A a &£ A Ay o ¢ =~ I
WUFYDUNLNATUIINATEUIUNITNIULAL ﬁﬂ@llﬁ\‘iLﬂiqgﬂﬁ?uuqﬂﬂiulﬁqaLaﬂLLagﬁ’]Mqiﬂ

X%
U 6 A=

azanglaluansazany IWdoudanmindme neay nilsdad 30s sevudnd [17]

2.3.1 Wwhauuva

Y
1

\wiiduug (Methylene blue) 1uddouiiidusing (Basic dye) uasiduansiaiivlddoslasie

LY «

n1391UA381 (Chemically inert) #Fsiidosuuiniludilid Wethldeusuiudiusznouves

a

Wwadnaguuii vsen1ulugas Baouuinvesdaziuiudsauauveinsailingsn lngduiuniey
Wusgraeviin 1 fuszdestin Wusylalasiau wasustiumesina widuualinnuduiy way
w@tis (Stable) ludwndeniulianunsodevaaslanis@iinin nunnnanlugnaivnssuuiide
= o - 5 T Mys o9 v a o a ¢
FJuduesenagueneenanundy sizazateunlan i liianadudeseuuiiiAwasuyyd
lnense witduugiluseaniaiisa (Disperse dye) Tanuziuveudsiigamgivies lufindu
wazdddeuduiloazanginaglvansavargdihBuansazaewiauuggnirluldanuldvanvae

1 = S v L3 Y v  aa 6 aa 3 1d a v dy
Wy dlunsgane dgenlunisnisunnd Tlussisaendglupiliasiz WWusy Al uauidedl

denldansazanewiiduugiiuimegimeddenlunisinmnisgadu [18]
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H.C |
3\N

CH, CH,

U 2.5 Tassasnavesddouiiduug (Methylene blue) [19]

Qw +m\ /Z
\

2.3.2 1#1a0aLsud

£ ]

Wiaealsus (Methyl orange) uddouinilunsn (Acid Dye) wazddouuszinvsueniin
(Reactive dyes) @sildoouauidusilyd Jansiafife CuH1NsNaOsS  wandduazaielalu

Y

s a I3 ' a s a a & vy | a = Y] i
LLoaNagea LlWla@@Liu%LL@ﬂ@WQﬁ]’]ﬂ%UL?@?‘?ﬁa@u@LﬂLG]E]iﬂE] INIWLUﬁBUﬁﬂiUﬂLUﬂﬁiﬂ LAY

=

Ql' A a a sy Y& a a ft A 1 = =
WA UALLBNNAYF d1588a18UBLUYNIaBLIUTP8a20.01 ELGUL'U'UE]'U@LﬂL@@i%Q@J%’NﬂW‘JLUaSUﬂIU

a0

a1savanend pH 3 - 4 eagluansagaeiil pH A1nd1 3 Awidunsuargendi 4 elldvies uay
sxnduiudleansazarelanudunsauiniu wiaselsudlian pH 3.47 Tuihaamall 25 °C \loay
luansazaneidd pH #1031 3 RAWAWALEINTT 4 wiFNGe (Bejarano-Pérez & Suarez-

Herrera, 2007) [20]

H,C /N N~ Qe

)

H,C O

gU‘i‘?‘i 2.6 lassaswuesddonuuiianaisui(Methyl orange) [21]

2.3.3 wiialsn

wiiatsn (Methyl red) %39 (2-(N, N-dimethyl-d-aminophenyl) azobenzenecarboxylic
acid) ienBneagnein Acid Red 2 ushustadendunsiinanedunsalulsgiu iiuddouolouasd
SwanTunsdnduncadn witasadusavsde pH dndudiuas pH avsnit 4.4 Judindes pH
11797 6.2 uay methyl red LHuasufFrueiiumldulunmsmansansuudeulalasasuen
9nAaeTU Methyl red gndangulne IARC Teglungud 3 Alaildsumsduunifuansnouzifaiu

uywe [22]
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HaCo COOH
\
CHs

Ul 2.7 Tassaiavesddouniialsn (Methyl red) [23]

6 o/

2.4 nizuqumi‘lﬂmmmua
AMTFWATIZIMILNTZUIUNSLElASIsSTa AstniiauiunszuIUNIS wet torrefraction @4
& i 1y - v a a Ay v & A o saa
L‘UUﬂ‘jBU’JumiVI’NLﬂMLLﬁBﬂ’N@J’iE}u%@Qm’iLUaEI‘LJLL‘U@Q’JG\QﬂUﬁ’li@UVIiEJGNG]‘UIUL‘Uu&lﬁ(ﬂﬂm%%m
anuduaisuauas uazdunszuiunsaaneatsmsiulainse (carbohydrates) luguvesin (@
Judihugisen) Tnserdeninuiousazauiulunisvihudisen gumginldsening 180 - 260
ssrafedludaufnaal (szuuln) wazazldianlun1siugizen 5-240 il [24] wagldaiu
FuaINIAUIEINA 2-6  WNEUIEANE LarnssuIunslalaswmasa i liinndnnue 3 vlnAe

Y099 (hydrochar) veuma3 (bio-oil Mfiumauet) wazfing (E@wlnaiduiig CO,) Fanuants

12 (%
[V Y]

waziesiiusvesmdndunliastuegiviuneuloulaainnszuiuns dudiniseamgiuas

aaa 1

natuMsiAnUJisenardmasednyaen1nIeN ANV INERA I LALNATILAIRUNYITIUNTT

<

hufnsendanadumsfiwesnaniunisaiuay [24]
nszvIunslalasimesialssneumeuisendossial

2.4.1 Ugisenlalaslada (Hydrolysis)

lelnslaBalnevialy yiunefls UFAsomesansiui Wunslilianasesi (H,0) luvh
UfAenfuansienadu Faua Wudu lesluanavesnir asdluvhaneiiuse (Break bond)
vosani, waglaa waziefivaglas dadudruusznevludma anfussiveoruduaelden

(luanalng) Azinnsuenduanelgdursoluananifuuimanas [25]

2.4.2 Ufizendlawmsdu (Dehydration)
Junsidaluanavesi (H,0) son dwaliiiuiunanisueu (Carbon content, %C)

U visednluniniiseidunisidneandiauluguveain [26]



16

2.4.3 Ujisemedialsiwdu (Polymerization)
< v v A < =) Y & = o 1 a [d
Junsrwdiuveduananivunainvsenussaug @adaliedies) lWduluenaun

Tnaniaueesuinau [27]

2.4.4 nszUUNSANDALNBSISIWTU (Depolymerization)
Aanisaaiedivedlassaiidluananaamvgiigduusseiniandiesndiauddaenaly

nsrurumsasunUastidniafigamgininii 550 esrwadeaviililandnsaridiulngidu

(%
Y v = o

lalasansveuimduiiuantuinilugnssuiunmsnauiiedanldiuinsessuduenainiidala
nandusondluniemdunian@dearmsounavanlidudeindsdunsruiunisnanlussuu
Polymer Energy laonasanilsmemaluladiaunsasessunisvulouvesnarainlauseune 25-

30 Woesidus [28]

Y 14 .
2.5 N32UIUNTSUENEANIAAUIDU (Pyrolysis)

Inlsla@a (pyrolysis) Tfgruindunszuiunswasunlasmaniivuudounaulilavinls
Frnainnisuaniinieanuseuniegluvssenniauuulioandiau Wunssuiunisivinle
asuszneuBunidawnlng Ineduduaeldenuansenduluanafifvuisdnamsedeiunduy
aelgdua lnggndegameniuaiideniiuiou o aungige lagldnisuenaaiemeniuiou
ae/lu195ening 400-700 eamwaldea luseninenszuiunsinlsladateinddiuaasiinnig

a [ & Y a [y ca & 1 6V <@
wasunlasanmdutue lonanduaiiiludiuvesing Yeuvan Lazuesiisonnu)
nszvauMstuanansfunssuaumswtadudn (ncineration) lulmtan Metwsiznsunfislu
Wk dunszuIunsdunULUUUATEIMEANSaUlngAsIiUDINIA LANSWENEANERIEAIIY
Y I3 aaa Y v v o I3 ) P ¢ !
Soudunszuiunisuuuliteganuseunseddaiudoudundsnuiiiensnosfusenaunieg

a Y L3

= b a N o av v < A ] aaa
YIAYILLNY ﬂa']EJLquLa@E]ﬂ‘\ﬂﬂa']iauwﬁEJ mmamm%ﬂmzLUumiﬂizﬂaumqmmmm ‘Ugﬂﬁﬁﬂ

mandifiinTulunseviunsuenaatsnisauseunaluagilusail [29]

UNse3agu
. ANUSOU N 3 , )
A1359UNTY — WA + ANTOU + 01UVT (2.1)
U31ANNDDNTLIU
381504
CO,+H, €=> CO+H,0O + ANUSDU (2.2)
C+H,0 €= CO+H, - AMUSDU (2.3)

C+CO, €=> 2CO - Anusau (2.0)
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C+0, CO, €=> + ANuTIU (2.5)
C+2H, <€=> CH, + Au3aU (2.6)

2.5.1 nalnmsuenaanenieauiou
1. YnBUMSheNaaIuAINTaU

Tutsgaumniiann 120 - 200 ssewadsarasbasdinsdnesdusznounteluingivlvs
Foasdusznauihluingivazszmeoenlufimehatetussluluanavesingiivuisdiuuasiiud
ouuadase (Free radical) intusamsisdsdinisfiavasuaiia (Carbonyl group) wyjasuanda
(Carboxyl group) wawnylalasiesesnlas (Hydro peroxide group) dloTunaldsumnuseud
gaumgiien (eendn 200 ssrniwaiea) Wunaulasedenieluvestanasziinisasundas
yilinansueiildsiauuandsiundn fusildannsuenaaisfsmeanufouingivie
Fertuusliifidasdeunisuenaaiesenudeudiiutunaurestisieunuenaaiefieaii

SOUTMAUAIAYADATZUIUNITIIINUA

2. frmsaaeduiiduveds
Jutumeuvdnuesnszuiunisiinnisusnaameienufeuduneuiaiidnsnainiii
unuazaziliiAnndndasiveanszuiunmsuendaisfennuisulnsigunaiiimnzaes
58114 300-600 asmueadodlunaiuAsuudasmaadduluanaifvualnghduaelsenas
nn1swanavesiusy C¢-C,  CS  waz GO wiaudunisiinarsnannaseninaufisen
(Intermediate) miwﬁmmaméwﬁ%ﬁﬂa‘lmLfﬂuaaﬂMﬂmﬁﬁuLLé’aﬂﬁu&hLaqLﬁmﬁuﬂﬁﬁ%mwaﬁ
woslswdulddnldnlurasiicuilifnufisefegnaadutussiului andeifiugumgd
qqsﬁuﬁﬂﬁwﬁ%r;humzmumil,mﬂéh (Cracking) LLazgﬂﬁﬂﬁLﬂmLﬁ"a%qmamﬁmsﬁﬁmula‘[mwu

LALANSUBULAURBN nmB U [30]

2.5.2 HAANUINIINNTTUIUNISHENFANLAANUSOU
a £ o’a{' % agf 1 I~ 1 =

nandugNlaINNsTUILNSHLUIeaMdY 3 dufe

1. uhalunisvirareiuselasanuiounianladiulngazusenoumemsvoulnoonles
Seway 53 lngivtinasusuuauanlensosas 39 nevindnansusenaulalasasusuiesay 6.7
Tnstniinuazlalasiaudesay 4 Tasvminauannzeulanesnlilondnsudunfauinazdl
nsvenaasivlulfnsalsaaiverilviansveuuisdiuinnisenludvirlvlawiaainniswalugd
UNTULALYN N kAaRANTEUINbalasuUAISUsLLaUBN leRLNALS WA ANAN T I WA

A1 (Synthesis gas) @1usunseuIuNsUasuIAlsENnoUMLAllnaAuSauLi AL

[ ] A ! & Aaa v . . & aa LY a X 4 a
Judwlngiliseniudadiliadu (Gasification)  nszulunsuiiagiliaduasiiniuiignmniigs
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IS = v a

Uszaned 1,500-1,600 9ALGaLEEHY ADANBINANI00ONTLAUT UL NI BS NWIEN T WYY

gunnfigeqilldansdunidifiosdusznavresaiveuasiinufiseduoendiaulodiuas
ansualnoanledlduiatomaadunantusivan

2. gpaman  wouvaafildannisiateiiusydsanudouiioifoniithiudanm
Pyrolysis ol %0 Bio - oil YeuMAIEUsTRRUR I ILAZENTBUNIET 1AL LeENLNDIN
nIUIUNTUBNIINT I UTENoUMeLwaglaaLarAnii Temgaeanainnszulunsldlaonis
sumedmivitoulviarbiflonmanieesndiauaslussuuuasiinisliarudeutussuulusng
fiasuanda TemnlildndnsusiduihduianmaniignFennssuiunsudeundasesdiuseney
Tnearudeudiolilanansunidurewmaadudnlnginmsuwenaanedenusoy

3. wouude vedeiildannssuiunisiaeiusylneeufeutiasdonines (Chan @
sdnnauiilndidsstumiventsdoulvannyivangauAolifiniglvionavieineendiauas
Tussuuuaziidnmnisliarudousssdiquavaihianadutuneududuresnisvinlilassadnads
wyulnemliiAnnisumndamaaiivesarsililinisueu (du lelasiau sondiou lulnsiau)

1 v Y

sonuntugUveiaasusudasyifegazsiumiuluguresysdvinbilinanduniduvouds

Y

10 BennszuiunsnsildsunUasesrusenautitelrlaveandadudiulngiiin asveuluwdu

(Carbonization) ¥15#laa1nnszUIUNISAISUBU LT UATSHANwUE AR lUT

aaAa o

- 1@nnaen (Uniformly black)

]
=

- lovingaruiivinawdiidilusiuln (Shiny surface)
_ Uanedivnazuviauay (Sharp)
- UsAnEuLaz L
psfildndumeunmsevouluedull farwannsolumgaduiinsyiinisiiiAnesagld
paumniuszanm 400 - 600 sarwalduatsdsasdithiunisandseganelugosin (Pore) vido
- B\

inzagnuRdadndudestiluinunssuviumsimunlasaisluluiiamafertunisiianisuey

ludunsaffenisiinisnssAuiiues [30]

2.5.3 UseleviuananngiannnssulIun1shendatsalgniusau
a %) O’Qll v 2% v v P 2-v) Qlll
NANAUNTLPINNTEUIUNISHENaa18meAusouansaunlulsUselawilaeall
a o ¢ & | v & Al va = vo A a PN I
- nAndaeuia: Arrnuseuvenianladranisulanuiemdmanestinaunsaunluly

Wuwainasle

a (% ¢ 1

- nanfugvsaradantiveiudinmilaanniswengatemeninueulnuau s

Y

Y |

SYMINULUAYARALUNNUAINANIABIAIAIINDITUNIZANUNLALAZNITNAUA A UAIULNA LAY

Auhduswaluraenauaginuioulndlfeaiuindue wilusuadamestseninunduien
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Feanursa i dundsnulmildndadasivewdsliidudgaduldlagdeniivsnlaiings

Y a gj = 1 P a dy Aa a a a U
ﬂi%ﬂu@ﬂﬂix‘mu\ﬂﬂE]‘lJLW’e]LWiJ'W‘L!WN'JLLﬁSLW&JﬂiSﬁVIﬁﬂ']WsLUﬂ’ﬁ@jﬂ%U [30]

2.6 nszUUNIsANSUBULULTY (Carbonization)
Asvauluedudunseuiunsmalnlslada (Pyrolysis) ﬁﬂmamiLm"j’mqﬁuiuﬁé’ummﬂ

Tugaumgiiinnda 1000 esrnwal@ea YuegivvinvesingauviiiAnndndariaiudssianlaun

Y 9

a o a 1

fufiildnuazds Soniiwd (Chan  dufiduvenvaronin ms (Tan  wazdudiduuia
Fupounsiuiisenansueuluwiudaindudunounisiifaudi foyuniige Wesinlunisi
UfAzerasueulusiuazinngGuairclassaiavesgngulasluszninemsih uiisen s1auay
perUsznouseafilidldnvousiuiianssemenng wu lelasiau sendiau Tulasiau wasi

[

gnindneenanlassaiavesringavluguvesianasiidunsaintuaslavig (auaudilndifes
fiu Asuen) Niinsdnsveddasiairandniliduseloudasiveainuazgnguseninmdniaed
fnUstunisiufiaseiasueuludulawn [31]
2.6.1 gauuqll
Kl v

gaunilaziinadaUSIuNEn T INNNgAABIl oMWY INNTRAY Savanas
| S o s &AMy a & wa 3 o ¢ a % a
druhfumsuazuia Almfaunduiasauaudivesiiums sslinqulassadisuasuudasly

a g

Fromsenafiugungiiunnfiumdnudionaetussnglulassainsves gty [31)
2.6.2 3NT1ANUTOU

SnaudousrinaennauifuazUiinurenhiumiuarasssmenisiudasingly
mnufoustsInig swinavihliuTinumsszmegnianUdesegasinii siliasueuiléils
wsurelvganaieshlumaiuiasegeaniiaiuveuiildannisiiaufeusednsdinni
msrzansusuiildainnsm o e suenluedusisdasnsifinenmgigsansve uaziioeh
Husefeutiosnin vilihiAnvesiradugnguvunalug levinisnseduansnszduazidnlusi
Ufisenladne [31]
2.63 ANa9VRIUfAzen

fnanawesUizen (Medium of reaction) vgfinansenuseuiisodufauaslofiin
sewinssinlslagagnmieenldegrsmmilaoufaiidusinans wu ufalulnsiou (Qessio
UiAzemsunlndivesansven) wazufaainniswilugl ddnaraduniaildainnisiunlud
Usinanfueuiildazdesnitmnariifunfalulasauuiiinuisshlunsiufazedu

MNseAuaInda [31]
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2.6.4 5ITUVIAVDIINGAU
IngAvwsavriinaziinneiuvangauuanaiulunsiugiseinsveuluedulaeingiu
= W Ao DA owoA Yy o aa = i ° v
Muansneiue1adisnsnseduiuanisiuiielilnnsueundinunmanandamangiini s e

ulussuuivnzausaby [31]

2.6.5 lassadramaaiivasnurvasinuisenasuauludu
M vhuAsenasueulugduezneusenlidlyasueu wu san@iau lulasiau uag

o w

1alnsiau %QﬂmmaaﬂiugﬂmaaLLﬁaasmamﬁuauﬁmﬁau%SsméhLﬂu%’umwiazsﬂ’uﬂszﬂaulﬂ
1% a . . A ) ' I ~ a ! = = &
AgarnuAael (Aromatic ring) 1eulesiusgnsldifussilsvuasiindasinaselnse@aasidun
| ¢ A ay v | ' X ] aa

agveamInmsiaransdunlinnnsiigagtesiamaiaznatgdugngundaiuaunsalunig
APUAIENTTUIUNTNFENNTIININTEAUlAENI TN SWaZaN SR AlFRAINNISEdange8n
INYRIINNIEINGS wagamyilanduluidununuanuaiuisalunisgadurewmdndunilads
L‘ﬁumaﬁuLﬁaquﬂ'mimﬂa%”mwmLﬂﬁé’wmmmmaﬂuﬂﬁ@m%’uLﬁwmﬂ&.ﬁﬂmauaaiz%a%iiu
anmillianes Ae 1audludusi(Unsaturated valencies) 39we181ufastnziuasnay %se
luanadudueendiaulusiniavzesrnausiieegluaisaidu nszuiun1snseauazdiglinig

14 [y} A [~ [ aNaA & £ a [y} 4 a P a
\INgYetarARNAsUBUNUBEnauRuNagL T uussIalTudauswinagiiniussneuasuauiiog
YDUYDINVNIMAENALNTIRATULULLAL (Chemisorption) fiuaan@ilauigayigil 400 - 500 84
walded waz narwanmlueenlediliogaumaliastuuenaininuindaunsaasanuss iudus
fuevnoulalasiaudeaslivgnesnut udazldaamaigedia 1,000 aeAngaduaLaza1u130ns
pznoululasiausendainluanaweuluily wazdaas sananluanalalasiaudalid wavhs
azmaunguualaau (Halogen) sananluanaualaunisiegluanimuianisvennannld Juia
< 1 & 1 a Ly 1 lado v A a aa I3 a A A
Jungilandusnequuiivesiieg 1auandAg e RINinIIN oL oUYRIAISUBULAL BN TS 0T

BunIRieanles [31]

2.7 M3nszAu (Activation)

[ VA VA
U =< o a A

nsnseRunneiamsvilviansusuiianuasnsalunisgadugeunaiilosanmsiiununiuas

Y

= o =

nsvilvimsuauiinudadlinnTuANUMIETaINIINIEAUll 3 dnvasAo
- Wumsiiiuiuiiatedh (Active surface area) lnaiinufisenaiivinliluanauiangy
waneantuiazdIuniignunIgaduTulLny
I3 - i Y g Yy a dAa oy o= = v 3 =
- Wumsiinanudesdhlunisgaduliiuiandegudigangionlviesneuvesnsusull

R uAndgeulaedaUdsulaswaislniielitianuiashilunmsaadugedu
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[

- Wumsidaansduvseinguisedunidingaagdauluasduieussnainuimii

Y a o . o ' ac Y g v ! v & aa
wifigadu (Active center) nsnsgduwtanunalnisnisnssquilldanunsouuseanladu 2 38

Tngyapo [32]

2.7.1 MINTLHUNMINIEAN
aal v @ o g v a 13 a a 1 ¥
Bnsggumemenmdunsyiliiuiavesansueuinnisilasuudamisnienn 1w i
= i vad da & I3 = v v 1 -
fgngurwinsne dnunRannTuiazasvsuiinisdassdasaidni@asiivaiuaunsaly
n1sgaduligsulaenilarsildlunisnsedunisnienin taun leur ufaasueulaeenled
91777 Uideendlau waruidlaldyainnisiii Jasunansaenaninuiaeendlad (Oxidizing gas)
Tngldsauiunislvanudouniaamni 800-1000°C Aufuyinvesingauwianiniagluviujize
funsnmaeeguazAITuaUeEnaNiinNISUAATIATW(Gasification)  viliiAsusUBERaUNAN
sonludwmaliingnusienalnfisnegiu Aenslagnunidanisinbignsuvuadnlngduues

a = ! v

% I o v ¢ = Aad da da 3 a =
ﬂ']iai']ﬂE‘W?UIVTN‘WWT;VQ’]‘JU@UNEW?ULL@SNWUV]NQWQJ@Laﬂmiau@aigN'Tﬂmu%ﬂaﬂmai‘ﬁ

pd)}

4

aruanansalunisgadugetu defvesnisnseduist fe liflarsnadandseglundnsusidldun
foide fe deslionmgilunisnszdugeiuusiinadensnsedusneuiaeendladliunvin uay
USinaesesduseneuiifiegluimgiuriave sufaoondladsnsdrvefaildomumgiuaznand
TglunisnseauiiegamInsegulngIsnanieninee
1. manszdudslotilasnislilotidumeentladmsveudaiiduljatengaamiuiou
Ffuudafesmmansgiuiigumgigeuifseifntuduseaunisi 2.7
C + H,0 — H, + CO AH = 37 kcal/e. mole 2.7)
Snsnseendladiintusgrenndudlinislionmaliguiu 1,000 esrusadansisUfaze,
agnanendu Diffusion controlled rate Sspnouvasmivauiiogiuuoniiuauminazgninlgly
HUUIALAYAIUNTUVDIOUNIALENAS
2. m3nszfumeasueulaeenladlaenisliuianisveulasenleddudioandlad
m%wau%’mwLfJuiJﬁﬁ%aW@Jmmm%@m%uﬁ’uﬂﬁﬁ%mﬁLﬁmﬁuéﬁaumiﬁ 2.8
C + C,0 —> H, + 2CO AH = 91 kecal/g. mole (2.8)
210 AH asdidldiuaseidfesmandinuanudeuinnnidinmsnsedusedelethimiugs
Tonmgfinszdugsniinanszdudielet Tnealuinasldgumgdlunisnssdulssanm 850-
1,100 asmusaifeainungifliariuagiuinnauilife wilumuioiudadfufadomas
wlvsideaglivislothuazufansuaulasenled uarerafiufasendiaudiuiuthadntiosvie

onvazdnsifuledndrlumeiioliunisnsedulaeldvsaeissiuiy
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- MsnszRuareInialagnisidesndanlusinimdudieendladaisueu Anufa

aaa [

AsuaulneenleduazaisuaunauuenlenindudjisernionruioulfiseoMinvuduns
@1n15 2.9 way 2.10

C +0,— CO, AH =37 kcal/g. mole (2.9)

2C + O,—> 2CO AH = 37 kcal/g. mole (2.10)

] A o Y Yo v o X ' ag v PN

nsldenienivevinnisnseduiinisldiudesuinnatdmseginnisaivaue angillvegluaniied

foan1syinlrendniauiasandiauenvazyinlminnisnlndaivesaurin i udenela

e [32]

2.7.2 MINTEHUNILAL

[ a A

ax v & ° aaa s o ) aay Vg
Bnsnszdunaeiiilunisiugiseinsvenlusduingivinauivasiadnldiduans

q

Y o

sERufigamal 500 - 900 asrwadvatuiusilnvesingiuwararsialinld asedldiduans

9 Y

)

nszaulagvnlUiduaisussinnieanilatlang woanlatalsusenauaisuaiunasusennud

waznsau1evia wu Inunadedlansenles (KOH) lnunai@aumisusiun(K,COs) lanaulanson
lom (NaOH) Feamaalse (ZnCl,) waznsaneanasn (HsPO,) Wudy arsiadinifiuasliazdiesinans
lassaievesingivwasuasivinugisenmsveulueduaziianisaaeiivasanssunsdluingsiu
a A % X 1 o Y a [ 6 a a’; Y
waziinns@euladiu (Cross-link) - vaslassaiavinlinandaeiiingnguanansseieu1aiily

lassasrwesingAuliausangaeeniulsideminfaniswenludiul vidldusuamsuauiled

'
a

LT ULAZNISIANISanaIn1s it au v TuUsEnauAUaTISIANN LT NAIINAINUADNISARN8F T

gaumnniigen Jedsnsanimitedseus wasunsndegnieluvililinnisuailes Wethwsilaun

9 Y

€

=

aeEnsAlioanmeul ¥3enIA IAAYTeIIMTaINTUINATWEN JeRvedisll Aeltammgiligewn

Y Y

Jn wedvatdgfola1snneeluNand e vinlrae B agLIa 1wasA g8 TuN15A19815ATISINN G
A = o v v = = B ~ P ) ' P ~ a & ) |
509t lunewduriafitAmenauIsadununIsiansaulans1zaseivrwiaduasinnyay

Awlsninadon1InseAuaIeIsmaaillaunvlawarUsunuvesesddsenauniegluingavuia

[

Y8ea15LALlenTIdINveasiaddeingivaamgiinaziiailagtuieuldisnsnseduniauad
oA Yy A v &
wnniilosntidensssialuil

1. gaungiintdlunisnszduauazldinanies

12 |3

2. winduniladnuniidumeggalasnguruadnuasiivunilnalfesiu

Y 9

1%
=3

3. frann1siianIsharansdugInnIulunTeuIUNTAIEUS AL UR AN N LAT S
ABUTNEN
3 v 5 4 1 & 1 4
4. pafusznautnvesansnuliidugUassasonsnseu

-msnszRumelnnadeulansenlyn (KOH)
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a

Wotenafundesnisvinduaiususiuduiaauivaisazatenilossuvadlnunaide

q

laaaumaaﬁméﬁ’mdn%LmiﬂL%’ﬁlﬂaauiﬁmﬁﬂﬂa'na]“LmiﬂL%’ﬂﬂasﬂulmm%wumi’mqﬁmﬁaiﬁ

amudeulnunadenlsnsonladiielildduiutudiuia ’;aﬂLLammu

2KOH = K,0 + H,0 (2.11)

C + H,0 = H, + CO (2.12)
aumsii 2.11 waz 2.12 Junisaanesavednunadeulonsenles indulnunadausenles
(K,0) warihiadumehliaivedluduiuinuiisoufasfnduandulnunadouoonludgn
Shndeelalasiau wimsveunaadulansinwnaeudsaunisi 2.13 way 2.14auas

K,O + H,=> 2K + H,0 (2.13)

K,0 + C = 2K + CO (2.14)

Sb.

a = @ dl I o £ o ¥ & ug// o Y a
gruunAgeiwunataniulaveiaaudaain unsndnldluduneserpanafuauni liifing

%

waulfinnau [32]

2.8 mifﬁﬂLLunﬂlmﬂgwqumummgm IUPAC (International Union of Pure and

Applied Chemistry)

wanansaduungnguleilu 3 Ussiamldun

2.8.1 lulaswes (Microspore)

< A 14 1 a ¥
snsudssianusnidugnsundvwinaun by 2 uiluues lassasiesgnguuuulula

¥
A YV

snasladlegdurunnITaAINalnTaAAINA1IIVUIANUTH I N IEERNNLaLleaINAIUATIIY
voagnsunuulilasnes dvwanlanirvuiavedduiananililiunnin wafinuuifsiiiedluana

laeadeumidineglugnsunaluanawaituszanagnelaansnaveusidunsisenanniiaves

a

INTUTUTENLTBUATATEII “UsaIune$1ad (Van der Waals interaction)” Wagksawiu

¢ s X A o % ¢ v & a v &
weinad dipsnvililassasisgnsusuulalaswes anwsadnnuluanavissiaenlilagady

Uselewtiognsdadio Yand fynsusuulalaswesiuuszendlumalulagnisgadu (Adsorption)

9

av o

Y 9
mmammmumaiﬂmmﬂgjm%mLmﬂumm%mmawmww 1uammumwmwmmu

9 Y
1%
(3

mmmﬂmiﬂmmﬁmmswwgwqummmimimwamﬂwamuaqmamaqmsmmmmwummwwwv
vosTanwihtuiegseshpeduiiivuavesdulilaswesiedlolad (Zeolite) (3]
2.8.2 {ilanas (Mesopore)
snsuUsTIAMNaogalivutagnsuidvuinaundnslugae 2 fs 50 uluwns lagiang
1 a = s 3 14 1 ' =2 = L4
981989 gNTURUUIlENDTYUIALAN (WUIPAIINNTIBETENTN 2 B9 10 wluluns) Asiiuselev

adneiugnsusuululasnesluiumuannsalunsiniiulanalasemigegrddaanavun
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TngjarmnansTluana wueulsd wsefdue Wudu Wesainarstrluanalaguiniowie
luanantugluszgauunluiuns 3uihlvuswiueeiinadanuiavesilanasdinsnsnase
Tuanavuatvemariuaianuuvinbilassaiegniusuuiilanesowindndansddnaninlunisin

<@ IS

uastiluanawanilmiuegafmednuauzainanivililassadegnguiuuilanesdudngn

a o

fenunliilutagamsunisnseguioulsdamsugnsusuuiilanesvwinivg (vuinauning
& ' v Ao

faws 10 wiluans) fregnasgaduifvuiavesgiluiiulanalawn@dniea (Silica gel) agiiun

198 (Alumina gels) pzdludainanznzaan (Amino silicate catalyst) [33]

2.8.3 LUALASNDY (Macrospore)
P - Ao Py & \ X a o a o
susuUsELanAaInfegnsundauinaundencs 50 ulwunsduluiuilusiniu
lassasregnsuvunivngimanil Maillewesvuinlnguazuualasnes) lilasuauaulauintn
Wosnnlilafidugglagnsmanisiiuauiaiunignigeesiagniy s3u89n135891u10A Y
nsvesgnsuntngndluananiluinn maneseswin) Juiliuswiueesiad lddaninanigly
gwgumdwﬁaﬂwﬂﬁﬁﬁ TutagtudnidesuiannilsngulasanudiAgludinisieguatlaseaieg
unmuﬂmiwﬁlewéﬁﬁiui’a@L'ﬁaﬂmﬂiﬂﬁaﬁ%’wgwquéﬁ’aﬂdwaﬁﬂiﬂwﬂlﬂuasmma Tusunisidu
| ) a I o [y A a [} [} ¢l <
Poanandganuiatngdmiunisindeunvedaanasiieg ludagnsusuululaswasnivuiaian
nleiEuazIAEITE HeWINYILAAALAUNIUTAAINAITUNIHIUINTLUVRILUANATDIVDS

Traedsuiinunle [33]

2.9 n3¥UUNIIRALY (Adsorption Process)
maam%’mﬁumzmumsﬁLﬁm%’aaﬁuﬂﬁazau&]’waqmw’%ammL%’m%uﬁuaqmsﬁu%nm

NufSesewinRamth (nterface) nszuruntsianansainfiusafidudasswing 2 dannzlag

WY veamnadfuvesal feduvesnan Mefuvewds wseveunaiiuveands lnsluananse

| 1

AoRAaYs NYNARTuITENINE1SENAAYU (Adsorbate)  dduansivimingaduisenitaisgady

Y Y

(Adsorbent) [34]

2.9.1 NAlNYBINTLUIUNIIAARAK?

N39ARARL (Adsorption) tUUNTEUIUNIIANANTIININATALANEVITBAITHYINADLUUIN
Bndsazarsoglutlfeguuinvesasdnaianislnsfiarsazarsuioarsuviuassvuinidni
3031 Adsorbate dauveadaniiuduiimedvvesansiigngainizenin Adsorbent nsgaRaia
ﬁazLﬂuﬂwsamﬁmwu3wdwamus (Phase) Gms]ﬁgqamamuzﬁaﬂaamm (Liquid) e (Gas)
wazvoands (Solid)  Belésuuuvoanar-vouvad fe-veanar fw-ve9ufs uazvouman-

vouuda tnglunifagiinnsanfuenizuuuveanai-veswds (Liquid-Solid Interface) lunspafnia
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luanaveasazanevsealsuviuaseiazgnidneenainiy uazluinzineguuigeaduluiana

[y

vasansahulvgazinzdvegiuiiniglulnssvesiigadunaziiesdiuteevinty Minzog i

1% ¥

Aeuennsarewliananilumdgeduiintuldsuisaunaimen a yeaunanIudud

[ YY)

vasluanaluiiszimdetes nmzluanadiulngiindeuitluinizduegiudigadulaslunis

a = .. 1 = ) ) =
LN1EARAALU Driving Force E)Q 2 LLUUﬂE]ﬂ'ﬁ%W’UU‘VI’Nﬂ’]EJﬂ’WWLLaBﬂ'ﬁ@WU‘U‘VI’NLﬁll [34]

2.9.2 Uszianvain1Inady

UadudrAglunisuenviiaveanszuiunsgadu sefiansananusadawmiledseninaduiana

U U a

ngngatuiviivesasgaduiusBamisnduusauiunesinad (Van der Waals Forces) sy

Y Y

n1sgAtuN1enN1en1m (Physical adsorption) widussdamtdewilmfaiusziniissninduianad
gnanduiuRivesasaaduariTenINIsaaduniuall (Chemical adsorption) [34]
1. M3QAYUNINIBAN
[ v A a = ] ! ! & ¢ ¢
Jun1sgaduiliinainusefsgaseninduianasgiegou Aoussuiuneiinad (Vander
Waals Forces) #9ina1nn19574L39 2 ¥in ADLIINTZ978 (London dispersion force) Lagisd
Lnifinadin (Electrostatic force) n1sAsgasigkssisawilinisgadulssianiidindanunisnie
AnuTeurautataefefINgt 20 Alagaselua wazauITORANIRUNGUVDINTEUIUNTLATIET

Judefmsrzanuisofluraninvesdigaduladne saeansfigngaduaiunsanizegseusiaves

(% (%
[y

asgadulduanetu (Multitayer) wisluudazduvesluianaansgnaeduagiinegfutuasinana
vosasgngaduluduneunthillnsdnnutuasfudnduiuamududuresmagngeduuas asiia
snFumuenadutuiigiiuvesignazaesluasazane [34]
2. M3AguNI9LAl
nagadulszaniintuilesgngaduiuigadurinuiisonaifuddamaliiannis
Wasuwasmaaiivesiigngeaduidy Aefinishateusidamiedssninseneuniondueznen
FuudaiinisdndserneuluibuasUsznoulvl Tulneiiiussadiaduiussfudausadingany
nszdudaufedewildanudeuvesmsgaduiidigessanm 50 - 400 Alagasielua

Y o Y o

mngANIINIMdafgnaadussnaniifagadulziintaen Aslianunsafaujisedundule

Y Y Y

o

(Ireversible) uan1sgaduUssianiiaziiunisgaduiuutuiien (Monolayer) Wintiudanisgadu

aa v 1 U 1
NN AINLLAENIUANUYDLLHNFAINNUKRR8DYS [34]

3. lalawaunisgadu
(2 [ aaa 2/ v aa ! o A [ & ¥ v
nsgaguiulfiseneanuieutifeninadonsgadu AeAuau vsoAUTLTUTDs

Mgngadugugivlinvesansgnanduazaisaaduasulunsgaduaziesa dedsladumant

melaemlvinazauauligamgivesnisgadulviad wasAnwinnuduiusseninalunnves
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fhgngaduiunuiy vieanududuvesasazarsiianiizaugaveanisgadulaeidunsvii
nanInELUSHana 17 3andn lelewmen (sotherm) fauanslugufigadunssiuunlelumey
nsgaduufanuszuy IUPAC Tnglolemen 5 wiauan (Type | s Type V) légnsuuntidausdd
A.A. 1940 lngdnInegdans 4 vinulawn S. Brunauer, L.S. Deming, W.S. Diming and E. Teller

Wseonasgnnsiwunlelawen 5 vlausnindunsiuunnuuuuves BDDT

l I II III
=
=
=1
£
-
2 IV ' VI
=
=
Z
i
-
Relative Pressure —

U7l 2.8 lelaineunisgedu [35)

v a &

wuu | Wulelawmend miunmsgaduiiunuududes (Monolayer adsorption) %3@31MuULAT

I = [ = a

a6 4 I3 a ¢ ) a1
LT (Langmwr) LUULL‘UU‘VN']EJVIE‘?@LUUﬂi']ﬂgﬂqﬁmﬂqﬁﬁ_]G]SZIUGU@Qaqu1ﬂJuﬂ3qﬂiW§u1ﬁ3@NEW?u

q
(3

yurmandudiuiuginguaiuiududvsedlalas nurslunisgadunaaiivasnisgadunis
NEANTIUTUIUNITAATUILTINTUOE 9 TINTITAUAUFUTINS (Relative pressure) singquazd

AURUFInSgadlng 1 %ﬁmi@@%’mﬁm%mﬁmLﬁﬂﬁaa

|
=

wuu Il JugduuudnfveslelgmeniiAnluasgaduilufisniu (nonporous) wsednaduiiily

9

e

' (%

I

wiuvUIAlng) (microporous) laglunuutiasiinnisgaduiideiilosainnisiesiluanaiiie sty

\#e (monolayer) agvauysainoudinduvatetu (multilayer) lusionn anlelemeuns

EN

uTnugaldeulAwiegn B (break through) azwansdian1sgadunuutuieituadiaauysel
INUUTANUAUAWUIBAANTRATUTIRRITIINTuLINABlY wavaziinnisgaduiasaauysail

AuRugayEaT lelunenkuuiiuneasasendt Sigmoid %i5e S-shape isotherm)
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IS 1

wuu Il Gulelemeniilifigadsunsmiigusiedionszaninlelumenwuuillidesnuuintnay

Y

[
o [y

a o I v a [ 1 A a & & av i .
Andudunsgaduinliudawsadunisgedunintuiuvesutenlidisngu(Nonporous solid) wae

2 aa [ [ ! ' 1 aa = 1 Y 1Y U o Al 1
SU’ENLLEU\‘WIQJEWE‘LPUU’]@LaﬂLﬂUﬁ’JUIWQJ, LLG]L‘U‘L!‘W’JﬂVllILLN(N@@?BV]’N\‘IWJ@WU'ULLaBG]’JﬂﬂQW’UUVIhJ

Y

wisaligadulates anisgaduiuutuifsafiausuduivsausdieinnisgaduwuy

o sa

e duILinLIIiegasEnIiignaadusie fuesihliianisgadulaundunaiududuingy
a
flAnga

Y

[ A [ A 1 &
wuu IV Wulelemanninuannluiannisnsudiulngidugnguauianais mesopore (VUIAFNTY

q

[

5819 2-50 wlues) Tudrsisndadimanuauduimsaidulolumeuavimilounulelameonviin
71 2 9ntuNsYAFUTINTUEE TN ITDANAUEIIMS g ULLTBI 1NN SAIULLLAT A3
(Capillary condensation) %uiugwqu%qﬁﬂﬁlﬁm Hysteresis loop U214 Desorption %ﬁayjamaﬂ

nsiinnsauinlud A Tans amnsodiunAMuIamIAINITNIEILIUINYBIFNTY (Pore size

'
v A

distribution) Tuldn1sauuiuaUaa13nlyieg Desorption HUSuUNSYATUTZINIINTSIAANTS

k)

AndunAImuYIIAY

wuu vV Wulelamenguuuuiiey fauadieiuiuy NIl iaduiiloussisgaseninaluanaiignan
FuiuRivesansgaduiiattes desnuluarsgaduniivuiagnsulutisdeadulelewmenuwuy v
dmsulelaweniuy Il wazwuu V agAwinmiuiialdeniliesaintunisgaduiun 2 aggn

assTunoufiduLsnavasauysal

wuu VI ulelsmeuwuudutule (Stepped isotherm) lolameuwuuiiagnulivssdnlneuinny

Tuszuuiidunsgaduuuutuseduuuiuiiiirowdedieiu (Uniform) Tnegusisvedlelamey

wduegiuszuuLaraumuniilunisaadu [34]
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L

2.10 U eMNg2U94

Lei Zhang uwazaeue [36] lasinisAneinszuiunislelasmesdanisveuluiedunin
Fnlnaiiolildndnsamilelnsvs (Hydrochar) #iflen HHV (High heating value) ﬁqafﬁu Tagyin
mslelasiediansvouluwduil gumgil 210 230 330 esmuwadea iWunar 15 d2lud
‘wé’qmﬂﬁ?uﬁﬁﬁaa&hﬂiﬁmeﬁ@mamﬁ’auazé’ﬂwmx FT-IR, TG/DTG, wag XRD 21nA15AN®YN
wuth mndalwedlen HHY (High heating value) fitvtuilu 47 Wefidudmdsminnisviufase
lelasmosiafigungdl 230 ssriwaidea an 15 9alus waswuinA1dnsid H/C uazo/C ty
anaailesnnnnAnUfisen reduction 11 C war O lurmensviuiisenlelasinedia Fsann
maﬁnmﬁmaﬂ%’uﬂqﬂmﬂ%"niwwiﬁﬁﬁh HHV (High heating value) ﬁqﬁu aansavlanield

P aly
Roulvaniznliguunss

Abdul Rahim Yacob uazaz [37] lavinsfinwiudenuanlulidu uag commercial
activated carbon luillugu (Coal) Imanisldnszuaunisnszdumaall uasnenienn lng
N3EUIUNIINITEAUNNLATIIElY B9A Aaalsa (Zinc  chloride)  wag Inunaldoumisuaiun
(Potassium carbonate) Tumsnsedu ndntutihdedsiildluinseinuauifuasdnuus
910 FT-IR, Single point BET, uay FESEM a1nnsAnwinudn iwWaenudaluuiduaunsa
Wasudumsuoulfuasieniuiiiavesgnguiigatu 1100071 mg' wesmsnszdumaaiisng

Aaolsa (Zinc chloride) M1 4 ¥7la14 H43lA189n791 commercial activated carbon &931AN15ANW

' 1%
A I

au & A I3 12 ° I3 ! {a s Y
JMUIYUY LUa@ﬂLmaﬂiuﬂqﬁﬂaqmqiﬂuqﬂqLUULL‘V]ﬁQﬁWiV]lIW WNQ%@QQW?U@U%Q‘I@I

Katsiri Laowachirasuwan [38] lavinis@nwiarunududilaandentaziudnauilag
n1sA1suouluetuLaZN1INTEAUNINAT 698 ZnCly, HyPO,, HySO,, KOH, NaOH uae Na,COs 9

eUMANT 400-800 9AALTYE 1181 2-5 7134 NaINTULNA298197 e kAR 1ziRIAUsENaU

9 Y

(Proximate analysis) Wag BET ensidiuseninsasiaiinedonfomdnaud 1:1 f9 41 910

= ! a a Y aaa ' wa i v v & A a{'
NIIANYINUIN GUUWGUENﬁ'ﬁLﬂlIﬂﬁ%ﬁlu‘w@W?j@m@ﬂmﬁu‘Umﬂ@QOWUﬂﬂJmum A HiPO, I@ﬂaﬂ'nz‘ﬂ

LYY

wingavlunswssuauiududnudenuazudndud e dnsidiu 3:1 Nigungll 600 B3

v
1 a

a o a S A 2 a 3
LRLYHA IR 2 SU'JIQJQ UATNNUNNIVDITWIU 1195.47 m /g Uill’]mEW?u5’Jll 0.85 cm /g GUU'WWE

Y 9

WAL 2.83 nm

Jakaphong Kongpanya wagague [39] liinnis@nyinavesanmgiivagiaaniildlunisi
Ufnsenlalasmesfiaasueuluwduvesngarsuiaudan lnenisiinislelasinesdangumgd

100, 150, wag 200 DeALTALTEd 1287 30-90 Ul AiAusy 1.00-15.538 114 V&N
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meganlaludinsenauaudissdusenaunieiaIes CHNS/O  analyzer 9InA1sANYINUTN

AaudinsaiivarnMen miinduegisdailienilsoungiigau ann1sfnwinuinlelases

(Hydrochar) #igaumad 200  esmLwalfed 1381 30-90 U1 Wun1saa1eived Lediiwaglas
(Hemicellulose) fiAnunnTigntutyas 76.28-81.41 LWasidud us waglaa (Cellulose) daniindu

57.09-59.14 1Uas3uA 1119991N99AUTENBUNENVTILalANULaD yTanasv L8 lan15YVIn

(% '
[ a

Uisenlalasmeansuauluwdu dwaliinnisaaredingamgiinn dadugamginldlunisviy

Ufsenlalasmesdaauisandnlalasuns (hydrochar) laegnsdiuseansnm

Daniel Scheider wazaag [40] levinn1sfnwiamantfvetlulewis (Biochar) #ildain

a

Aszulunstalasmastanisuauluetuvali Inevinnislalaswmasianonnall 220 896N

9 Y

Wwaldea 1181 6 TILNY UazAUAUN 2.2 MPa  wdsiedisiiliundasigvinuautivay

29AUTENBUAIY Atomic adsorption Wag SEM 31n15AnwInudn wandusiniluvesudalulons

17 [l
a A aa Y 1

(Biochar) wuindiwuiiiavesansiiegnadinnuvgvszuasilassairadugngu uaganunsavinnig

lelnswesialanngungiligs ndaduriniluresnar wuindienududuredlulnsiau weanesa

Y Y

waglnunaden agas awsatluvindudels anmsfinwuansbiiuinlituluiannuiauls

q

waziduduaiausainyssgnaldlaluanudug

Ying Guo wazamz [41] lavinisAnwinisialasimestansvaulueduaindnauyin

(Water hyacinth) lagvinislelasmesidangamgil 240 ssmiaaded 13an 30 w19 fs 24 Falua

o

LY

aldnan it lalnsuns (Hydrochan)  a1nduiaiifesandnunasinneiauandiuas
Tns9a3198e Elemental analysis, TGA, FT-IR, XRD, XPS, SEM waz TEM 21an1sdneinudn e
Lamﬁiﬁfﬂumiﬁwﬂﬁﬁ‘%mlaimma%ﬁmﬁuﬁu A1 HHV (High heating value) tfiaduann 16.83
MJ/Kg 89 MJ/Kg Fnausnazdanulunananndy Slaseadreaiidu core-shell ﬁﬁwyjﬁqﬁ%’u
gonTamdudiuaunin \hians Alewnsd (dehydration) wavnodweslsiedy (polymerization)
waglaauaziafiwaglaa lulslasv1viliiusuna carbon microsphere 3nnuazidouluian
lalasmesiadi 24 d2lus aenulaseasna Mesoporous AifiminaLaiies waznan1svi TGA wanslii

wiudslalasssldarlumslalasmestan 4 dalusaingfnssuadnenssuiunisinlslada

Gustan Pari uwazamy [42] lHinsAnudusuiuddldaniudevduazutadiu
dgndsiinunszuiunislelasmesifanfueuluedu uagnsedudelnunadeulonsonlad
(KOH) Tnevinnnslelasinesiafiguugil 250  esrwaldea 1na1 8 Halua uaznszdude
Inunadeulansenlan lngleonsidiulalasens (hydrochar)  sie lnunadeulansenlen 3:1

(w/w) Tigamgll 800 aarwaldea Wunar 1 Falus udrnhdegeilaunfinwiuasiasizi
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AR XRD, SEM wag BET mnn1sanwinudn lalasyns (hydrochar) vesudadudgndad

vaa a & o a I v ad a o 3 ad da
AuantRfngalunisiluingfuansasiu wullituiadandu carbon  sphere lnsfiiuniRIzngu

q

Ca

2 a [
986 m /g ‘Usll']fﬂiEW?UT]ll 0.57 CC/g GU‘U']@ILaquﬂugﬂa'NGUU']ﬂsU@ﬂEWEUL{Ju 1.6 UWIULﬂJfﬂi 1N

Y

| 1%
a =

HaN1TILAT el sEnouASUaUlutuANiuATAnYun YT aA SUBuAsTluauAuT A
sannistimausoutiuiniiilaainnisnseduvedlnunadeulaasonladuanaliiiuin

Tnwnaeulansanlaniuiunuinnisiinean@aulannii

Sabzoi  Nizamuddin  wazamz [43] lavinn1sAnwinisdaasigingaiuiduann
nsvviunsialasmesdanisveuluwdulaeiuiiselannsmesianaungll 220-290 831
waldyd 1181 30 W ensrd@uTiasnasein 0.15 ¢/g (15 wt. %) nasantuthdiegsluiaszn

weadUsznauamaudRan FT-R, TGA, FESEM uag BET aannsdnwnuindesidusiveslalag

'
=

915 (hydrochar) aaa991n 62.4 §19 43 Wesldud vaueNaamniiaduaIn 220 69 290 896

9 Y
[

<

wawded dnsndruesiduinsuewintudosamniinduain 26.93 (neawan) u 63.77
Wesidus (nandnailelasviifioamall 290 eseugaided) A1 HHY (High heating value) &

LLmIﬁmmqﬁumﬂ 12.24 MJ/kg (nganuda) Tuidu 26.80 MU/kg (Wansauailalasuns) wazain

'
a

= l & da a 1 =3 2
N13ANYINUTI AUARITDITNTULAZUTUIATVRIINIUNANANTUIIN 0.316 m /g,  0.00129

'
[y

cm’/g W 12,5996 m’/g, 0.0557 cm /g MNAUTRUNATN 260 BarwALTY

Katsiri Laowachirasuwan [44] Igvinnnsdnuniladedisinadeaninznisnszduuas
AaudRvasa uiududa NI wlagdaNIsnIERUNILALinNg ZnCl,, HsPO, H,SO4, KOH,
uazNaOH Tnemsansusululsduiigumadl 500-700 ssraldeoa nan 2-4 §1lus wazdnsndy
sewivansnsedusioUsinuninnuild 11 - a1 adeenduihdedeildluiiage
99AUTENBU (Proximate analysis) LazdnuwaLuAin (BET) 91nn1s@nwnudn an1ieilwunea
dsuniswssuauiududainninniun fe n1sld ZnCl, Wudinssfunazdnsndiuseninaes

nsEAuUsaUSIMININNUNALY Ae 3:1 Nigamigdl 500 BamwaLed L3a1 2 Falue TATNUNHIYD]

Y

=

WIUFIY 1218.18 mz/g warUIUINTINTUTIU 0.86 cm3/g

Azharul Islam. Md uazamz [45] lavinn1sAnwianuiudug (Mesoporous active
carbon, HAC) 1agnsStAseual8nseUIUNTS b alasnasiansua Ul e tuuaIiIN8 M iaaaInNIsIn

a o

wesiaimenisnserumeluneulalasles (NaOH) lnsAnwdnuasurIaguazALaINITo
lunsaadu HAC vesddouwiiaduya nasainuuifmegenlallinsevnaaud® FT-R, SEM,
BET uazn1svadoun1snadudden a1nns@nwinuitnanisgaduddouwaznisminuiiaduugld

fiusganSamasds 96 wWosldus anududun 25 me/l a1sazane pH 917 gaungil 30 99
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waldud Lan 8 TIlue uagnsgadulaninds 359 me/g lngasuansaunsNaNgnAeaunisiely

q

= . . [ <@ aaa = v o
WoNUWUULaUNYS (Langmuir isotherm)  LagENNITOATIIIUYNT8UNENBUAUEBY (pseudo-

second order) @ nfun1sAnwinisgaduwiiaduya (MB-HAC) uaglunisinSeu HAC wudndinui

a =

2 IS QII -Q! o 14 1 I a a
Fgedis 1135 m'/g fvuiagniuiade 35.5 nm Faanunsathuyszenalidlaeegedivssansanly

o v AvY %2’ =
nsunUnddeululude

Mallika Thabuot [46] lavins@nwauiudiugainnine laen15uinINuINTEAUNIg
wildaglnunadeulansanlen (KOH) waglufsulansanlas (NaOH) U lUHIUNTEUIUNITHILUY
Inlsladafiiguvnfl 500 uag 600 esAtwaldoa 1Wulian 4 $2lus wdansedudiefineg
afvaulavenleddnads Tnsdufududanninniiiunssuaunsmiuuulnlsladadgungd
600 asrwaldea e 4 Falus Ansnsedusnelva ladeslonsenled Ansd 1:2 uld

Tunsgaduddomufiduugifiaaududy 100 ppm A1 pH 11 Avsune 0.2 Wesidudesuau 7

Y
a

a1 24 Falus wud Adseansamlunisgeduddenuiiduuaasants 35.95 wWesidud uazidle

RURY]

Wapnududuresmuiutiug 1.0 Wesiwidu 4.0 Wesigud Yszavsamlunisgaduddeuud

Auvananztiy WuTwdu 20-30 Wasiud Usunuaunuiug 4 wWasigud aziianuszansan

Y

aaan 66 Wesiudina 24 Hilus Inednvaznisgaduidunuungunseuinniuuudiasives

9 Y

=3

I ISP Z a1 L 74 aa 1 v [
wasfies laedlan R = 0.997 mmﬂ’ammmuama%aﬂmiaxmwmauuquumuﬂmuﬁmmu

379 mg/¢

Pacharawan Ouengsirisawad [47] lavinn1sAnwianuanunsalunisgaduddenuiia
uugluansazanelegliiudenmisliovuiaiuiageedu Tnefnwianngimanzailunisgady
Taun Anudunsa-tua vesansazans (pH  3-9) nmﬁlﬁﬁumi@m% (0.10-0.3 AL) wazAI
Wudususuvesddonufiduug (50300 Mg/ anmsAnweuansalunsgaduddonss
WaenwieldiusiiAn 29.24 me/g 7 pH wirdy 7 evihnnsldgaduiiusanns 0.15 n¥u n3ge
Fuifnduegauuzaimeluia 60 Wil Awgasnandedasmimgs 250 seu/und uenani
Hanuirlelumonvaanisgatuiaonadesfuaunisuuungusieanniuuuiassvesuaadios

<

a1 2 ' U Y ax o = a
I@EJ@JFH R =0.988 LLaﬂﬂ']qﬂqiﬂﬂ‘?ﬁJaﬁJaNLlW]au‘UﬁLUUﬂfl'ﬁﬂW‘UULLUUﬂ']EJﬂ']W"ZI\‘ia"]NqﬁﬂLﬂ@ﬂqﬁﬂ

Y Y

5

(7 v S a L o Y Y v oY v & v ! a
Fulavangtuiiwazdiansatnyssendldiluimaaduddesluinfidasgen
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2.11 wailauazinzasiledn

2.11.1 miﬁnmé’mgw (Morphology) 51"38ﬂ?’ia\‘lqawﬁﬂﬁﬁLﬁnmauu‘uuéaﬂn‘mﬂ (Scanning

Electron Microscopy; SEM)
Humedaiinanmsanduiionauszdvsamlunsueaiuingueindesganssmily

aunsauanuassIgazdenvesnnlaundunindulaenisussandiiendidnaseuliaiunsowan

a 1 =

WAIT18aLLPAVBININLANINTUN AN NTlT1IAaUFUNIIPRULa gL ARULEsLayTgaud
aunuliuunuaudnsranuazdfinsiaiafiazundudyyrudidnasouditinainnisian
a a Y 1 5 =3 = 6 o ::4' Y & [ a
dudnmsaulunsznuiinfredeanuuiziigunsallunisulasdyaranlalidudygraning
Usinguusesuninsield wellalinisldnuedraniianduraigaivy wudanaiansiulas
a & a ¢ aa N a ¢ = = | oA o w P 1 aa
didnnselind s38iIMen TIINen wazmsunng Jadgamund Aty 3 Ysenistawnanansaliainid
ANutRdngeatusaliidweniazidsasaiusaldsiudumainduiyu Energy  Dispersive
Spectrometry (EDS) uwaz Wavelength Dispersive Spectrometry (WDS) LﬁaL'ﬁu%}agaL%ﬂLﬂﬁIm
wsesdlenldizuninndosganssmididnaseunuudadnsin ( Scanning Electron Microscope) [48]
1.%48nN1591197U

WANN1991191UT0INA0I9aNITAUBLANATOULUUADINTIA (Scanning Electron
Microscopy;  SEM) agUsgnaumeuvasiiiadidnnsou (Electron  Gun)  @eviutinginén
didnaseu Wielauliiuszuulaengudidnaseuiilaanuvasilinvzgnisssagauiulninaniy

I aa 1 4 v = [ Y a [ o a &

NANBLANATAUITNIWAUATIUTINTIE (Condenser Lens) Favimihiusuddiannsou (Electron
Beam) liiflvunauavasiieidunsifinanuiduvesdidnaseu antuadidnasauazisgileans
uauding (Objective Lens) adintihilunisusuardianasoudgugilndyaludavuindiegng
woRkazadianasauninnnsznuRIngusefegsazdvuinlugae 5 83 200 uluesiasiye

YNAINAIUANNITABINTIA (Scanning  Coil)  vedBidnnsewrimmillunisaiuauiiAninis

'
a [y 1

\apuvedianaseuvuuiIsyAua1eliAan1sUanUaesdyanasianiegeenun [48]
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=—— Electron Gun

Electron Lens
o (181 Condenser)

7. : e Spray Aperture
- Scan Colls

Magnitication| Scan
Control [* |Generator

/Fina! Lens Aperiure

! S——

AT
Q 3 Detector |—+| Amp |—=

;s‘dﬁ 2.9 UAAINISYINNIUVRS SEM [49]

fyaailasuandianaseufiiindude

o a a a & I a® [

1. dyyrun1mandianaseunRenil (Secondary Electron) LUUNQUBLENATOUNGITUAN

o

Uszana 3-5 Bidnaseuliamifniiiaseduliian (ihu 10 wiluwns) Tnoindusindiusedn
wienfinaBidnnseus
2. dyayaunmanBLlannsounsiIINau (Backscattered Electron) Llungudidnaseudl

v

deondeulitveznouluiiuauiisivisdiuuaznszidanduoenududingwuganindidnaseu

€

NRgQIAANNURITZAUANNT 10 wiluwmslaeiialafnusiiarezneugs

3. aaujzywmwmﬂiqmaﬂ%uwLUuNaLaﬂmaww s Jumduudindnlndiafiinein
a a 5 U U = vV o = a @ = = =1
aLaﬂmaumﬂﬁtjuimiamlﬂLﬁmmLmumu,azmmamwmmumﬂummmﬂaLaﬂmawgﬂmmww
findeuganinlegnisvantasendudruiuesnuiluguaduwdivininiiiori lided
WAMULINWEIUMGAEDNIINWITRNIYI IEBLaNaTaUsBIsnwIaunaveslasiadanglueznoy
lngnsfadianaseuandulaasialuidimiwnud wagdemanasunislulieanindidnaseudign
=3 al'al [ [ 1 1 v 1 a dl' 1 I3 dl'
AanununiszaunasuganItaenislandaesndsnudiuiueanuntusuaduwdvdntniiie
Mlrsesindsnuvindutulaasiduununderausdimaniiiag dauseduaniyluwsas
sanRsausauunlgUselevilun1siinsienagnua AundsnureiiegalaiadaUiinauag

AR



34

2. dquusznau

a1

dUUIENaUVDINARIaNTIAUBANATOULUUADINTIARAAIRgUT 2.4 uaziidiulsenaudidnyeg

Y
£%

Tuiegryamelaewihiivesdiuusznouusassuilseasidundail
- uwnasiuiinddnaseunuududiinaseu (Electron Gun) Tneviluldunanaamudidnaseuiild
Tundesqanssmididnnseunuudesninn Aedldnnseuiingzidendu uavdidnmsouniend

- 1audsIuuss (Condenser Lens) vhmtifidedulididnmnseufivuiauasanududumngausu

' '
o o W

megaiielilanmidaiignimdeefifeinsn1sanrunresaBidnaseudsieiuuInves

AdveIY

- ApaIndnsuNTdBInTIA (Scanning Coil) vhutihfidedulididnnseumdouluwuiusulazuny

FAUUTZUIUVDIFIDE

- auding (Objective Lens) Wuaudimlidianaseuinnmdusiueidesiuivawinlniiuas

aunlwmanaiunsavsuldsumdmetenuandavesnnlalaenisusulsunanseualnily
' < A Y a f-:l' 1 &/ 1 <

waaauiwan e liifienisasulain ULl LYeAEULTILdLIAN

- fnTaindianaseu (detector) Mdsudagudidnaseulndudyyralwiviedygrunin

TnaiiudyaausazgnanUatediannseulsing duninuuaanin

feg1anlglun1sitasendaduseg1anti Indwazdosvinlrwissenisaulaniuay

frsegnsliinlniidesihumuadeu ielvilwinsiedevastisannsasauvedlszquas
WisSinamesdidnasouniiogll dmsnnldmendulonziedeu welafiedldléun msatnnes
(Sputtering) N153ATIZISWIBS @B NG MU SEM Tuszuudiasiziuuy Energy Dispersive
Spectrometry (EDS) findnmsiiaszyt Aewloddidnnseundanugandeuiiitheudidnnsoulu
wlpasluturesesmeuduiu K viie L ududnanisceloundsnuliud Sidnnsouilvididnnsou
Iu%uﬁié’%’uwé’muﬁqna'nﬁwﬁwuqaﬁﬁmﬁuwﬁmu%mﬁm (Binding Energy) vestulnasds
sgaveninulavsuasyiAeiiswesdidneseuludulaasnniussmesendlarstudaluag
ansgiundsnuasnliviundsnuiamieiveilaasiiiaiiedidnnseusienisuaes
wé’amudamﬁﬂugﬂmm%’q?ﬂﬁﬂsﬁLLé"ﬁLﬁﬂmau%L%hmLmuﬁwé’qqmd’mlﬁuﬁﬁwé’amuwhfT*u

IS

AULANANNVBITEAUNS T A Te a1z dulavsveBLannToULAZIANIZYDI5 AU T ellAn

=3 4

wasuaNIzANsENSEdndrlalinSdndamziduaninseAuliAnSEandanizen
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Vlr\clﬂ!nl wiectron beam

|ur"
1

Ejezved elecloan

Whie rasllaLinn
lesnsingum?

I'. ®-ray (charsciesiate radistion]

Huthess

JUN 2.10 msnszauliinsidendianizimlagldadiannsou [50]

[

Tuszuumsimsgisinmesdidnduuy EDS Wiinssdndeuldlutagiu fewrinssduuy SiLi)

] LY v v a & ¢

Fanurza1unTumsInSsddndanizdd Nindenulugig 1 89 30 Aladidnesauliad #sa1ITn

a

a I3 =~ £ = U o o & Y | Yy A = a
BUALIDIHUUYN ﬂQWNUiﬂwﬁaﬁﬁﬁﬁquqiﬂjﬂiﬂﬁLaﬂ"ULQqumrﬂu%i}ﬂﬂﬁqﬂﬂ@ 389 200 ﬂIﬁ

9

o
v a & ¢ o

ddnnseuliad el insedid ndvisaesuuuaziudsunvamasnuvess @i dudyaalniily

'
v aa

gﬂmaaé’fﬂsTlWﬁwT,ﬂammmaaé’zy@wmlw%ﬁmaaaﬂsuaaﬁﬁm%LLUisTumaﬁuwa"’qmwmsaawmﬂ
AsENUULFITAINTUINIsTETELUUTe L RB IS enanedesaziiudyyraliiianna ety
shgpnusftegmeluedos uazuanssaniTisesivurenwluglvesanesundonsisnanis
WATRBUSInauazaunniaelusunsudnsagy [49]
2.11.2 My szvimgantulagdgyseinsuanasusunsusaaninsalal

nsganaufeddunsisavesarsiliAansiasuutamasaulunisduvedluiana
surssafutimidsvesaiunaiuvesnsuidsdusimanliihdfiavndu (Wave number) o
Tue9Usyanns 12,800 519 10 cm - %i50979AINE1IAALAN 0.78 - 1000 Um  F9V0I8UNILIA
wuslaidu 3 929 e

- 9dlndBumsiisn (Near IR region) Wutadieglndfutiiaidanuiuaunisganiy
(Absorption band) Tildeudnesnfiuseleilunsiasziasussnaveslsunfin (Aromatic
compounds)

- 929Na19UNTIIA (Middle IR region) Frsiiutsoeniu Group frequency region @
584 4000-1300 cm * Feandnpuildlugrstidaulngldanmanmileddu (Functional groups)
wilalllassadraveslananadiasusaluas Finger print region 8g5¥v319 1300-200cm  alnm3u
fldludrsiidnlnaifnnniasedavesluanaiiauusaifuadnefuilddroudregssnns

ALNIIR LTI US I UM UNUAUNAS UV SNINSIUTASIAS 190D
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- ¥3alnadunsisn (Far IR region) ¥silliideslaldlun1siiesgniiliesanainasuyaail
Y a Y 14 a i ¥ 1 ! -1 o (%
finagiinannisauvedassaiviseiansvyuvedduanagisiogsening 200-10 cm - dmsu
| d 6 v a ¢ & ' a ] 1 -1
Praavraunlduselosilunsimsesdudugisnarsdunsisadudiulug@e 4000-400 cm
NITUIUNIIAANTULAIBUNTIIALULANATDIENTILYANTUAIBUNTUIA AR dnuMzuazanTIE
Mnzay Aossdvsauasiuagdosindanunamunznednazyi lvifiansuddusedinnisaniu
(Coupling) wafsgninauulniiannsuissdivaisiu Welnsganfundanuuaissi i
Tuuddiguasluanatuasulusiuflonadursisadudr lululuanavesanslainuudy
AnUsIngMseinsaetegetauuiliionalsiuii IR active ibifinsidsuudadluuudviguans
Franstudu IR inactive fiodnldfinisgandunaBursnsn dfinsdsuudasduuudiiguinae
lafinwaugandugeinfsuudasiesazlafialaugandusi [49]
1. MATENEITAIDEN

1.1 wiadiasiad (Mull technique) Wwisnsinseuanslaenisuaanstu Mineral oil wu y

. = A g 2 o = = Y] a = Y
398 (Nujol) Nswieuansnluveddainiidymifertumnssisuaduitdymlagnisuaans
megliilunsazideauazliuviuaseluvennaindagidnnivlngifssiuveudaiiedanis
NIELAILEAS

1.2 3nsdaudin (Pellet method) F5dldventanviuassludinlnuwna@ealuslud Fugn
dnsenuiugweinsadlalasdadaveansiegnluswmaddiiinsginaunmiasUsunala

1.3 wadlafldu (Film technique) vilalagdninssnegnsliluuniuuieglneldiniowin
= Y ! v & Y Y Y & Ioar e
visevaauansigaaaliiuladunsuay

1.4 FBwsenassegsliluveanarudegiunazangludiiararenmunzanlaed

< s B ¢ o oA o oA a

YaaudaUszana 5 Wesidudansmeguniluveanaifieg niilduveuvaiinsizilaluanin

A a X = | ¢ ol Y 9gvo o v 2 v o o
Yosanuianslngwsesldwadniaiuvuineussananildfivihasareseaduiiiasae il
oY d" [ 19 Yo o A a v ' a & o 1 A & [23 I
tvunedesiulilvidivihararegandunasdunsusaasiteganiluniadiiegraniuuialdly
wadussquianluvaeauiindrevieindisieine leneuaaslsalnuvadeuluslud wse

whaeungeslsn [49]

2. Ussnneaansasdunsisaauninsalnd
AspadunsuInaUnInsInlafimasiuseandu 2 LuuAe
2.1 g9 ursnsaatuninslulafiinesnldssuunsgatsuas (Dispersive
infraredspectrop Hotometer) #3iiviaanuadtien (Single beam) wazviinduen (Double beam)
1o [~ d' d' Yo a 1 =3 q:/ =3 I3 d'
widuaseiuiasesilasuanudeusinniasnuiiulagiluinsizniangin (Background) 7

Waanuialuusseinay wiansueulneenles wazlou avmualeymly
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22 13eayiioinsrunesudunsnsnaiunlaiinos(Fourer Transform
InfraredSpectrometer; FT-IR) Tnevhluirdesilomeaninsaladiu Snldmdnnsnszansuases
awnasumsuisadudwanivilutdiauladusivunulugiwesdursisaanaisduiinna
gosmanududureanenudvionueedudsldesnunduaunasudenit Frequency-
domain spectrum FaiifudusgusinliiBnisiaidlulnearnududuresuasideidsveuas
firuemerdusgfusgrsaidouiisufunanionit Time-domain spectroscopy wialaeialy
\38n Fourier Transform Spectroscopy %ﬂﬁ]ﬂﬁaL‘Uﬂm%'uﬁiéfﬁnﬂmﬁ(ﬂﬂ’liamﬂﬁuumﬁﬂ’;’mﬁ

A I

AneqnSeniunuafstuisaansadelin1sins1essInsalunisuen (Resolution) ARTuvsaidy

n15vilA Signal-to-noise ratio ATUAINIDETTUAN
Y v a a6 o v o SN v a ¢ Y]
Tafvesnisidimatianisesnsuanesunniuladagifediglinisdnsiginianisin
awnnsuvesansmedwilaiianit insesdunsisnaUninslwlefinossIsuAaNBLYINTIEN1T
Tnseimiessssumaviunuuinfiazanuddiu FT-IR afinanudanegedisreiiioauanainile
aunsariglinisieseiiswazaenntumeni sldreuiimesAIuANNININY. dutaidsne

= 1 o U !

FT-R  Wulasasdianilsianinivazdodidsa1ul 595ne1a9d1uusenauuauasnddunssnaLun

9 Y

o w A

shlafiweslnelufidiuusenoudfnd
-AuUALIALEDUNIILIA (IR Source)
wadiildsaagna (Sample Cell)
Jululasiumes (Monochromator)
1A3oeiauasBulsnsn (R Detector)

-LARIUUNNAUNMSY (Recorder %158 Readout Devices

AEaaTuin

Recorder

AUmLTA F19R79879 Tlulasamet LATDITALES
IR Source Sample Monochromator IR Detector

U 2.11 UssdUsznevveaedasduisisnaninsinlndums [51)

a aa a

2.11.3 y3-Adadiuninsalal (Ultraviolet-visible spectroscopy)

Y

Jueseadienldluimsgiansinoeidendnnisveinisganiusdvesaisiioglugig

Ultraviolet (UV) uax Visible (VIS) AasigaaduUsesnas 190 - 1000 Wil saulnaidu

o
Y

a159usdansusznouledeuvseansetiunsdnaniiduariifidasusazvlinezganiused Tugaa
ANLETIAAUTILANA LA USNNNIYANALSIENTUBE AUALTLVDIATHUNISYANFULEAITDY
anseneedudndinlaenssiuanududureasisaunndn e ilahndinuninuasUsunandy

WANANLAAN TN INA WAL I N UDEIILNIUAUNATN LARINNITIATIZNAINATANIL AR
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ANUFUNUTTENTNAINITAANGUIES (Absorbance) WagA1ANEIRAN (Wavelength) Fasendn

alnady (Spectrum)

Microwavas Ultraviolet light Gamma rays

AV AVAY

Radio, TV waves Infrared light X-rays

104 108 108 1010 1012 101= 1016 1018
. 1 I } L L

1' ¥ : ¥
Fraquency in Hz / \

=

—_— Visible light
Fed Crange Yellow Green Blue Viclet

700 600 550 500 400
14.3 % 10" Hz) NSRS 27 i (7.6 % 10'Ha) |

31]17; 2.12 ua@ng UV-Vis spectrum [52]

drulsenaundfguewn3ng UV-VIS spectrophotometer Usgnauluie
. I o a uad | Y Yo | A A | oA

1. Light source unasnuilndsdiludunlnsedlugisninuennauinesnisesnineguneiilouay
AINSINTIHAUVU AL A NBVA AN EASIFNWA 8T AN 1NANNYIAFUSIENUaI0DANLYY
939 UV agldviaen H2 and D2 lamp limueniadueglugiu 160 - 380unluiunsuayyi
Visible T4viaen Tungsten/halogen Tiaueaauluye 240 -2,500 uluwnsidudy
2. Monochromator \Judufildmuauuasiagazinliwasioonunansusilanasdalunedlas

a P a =% & A A oo PN & ace a
wantAidunasiululaswangdadulauiaanaus niollmiuenadulfeldiamesUsdy wisinm
5N
3. Cell sample t@aa7ldusTyaNTaraIefiIng19uUIATIBATENTT Cuvettes NlgiulUlawA
waannegumazldlaangiiddidanszumazganiusadlutiegilouaziwadnviiedan
wazavesy eldlanaiieeuagidla

v

4. Detector ¥MutNAluNITInAMLTNYRIS @R NAnNAUlasNIsLUaIna s uAauS AL und sy

Y Y

T aTesinssdinansytanienlain Photomultiplier tube waziaiosinuaswiinddnaulalon
Silicon diode detector [46]
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Monochromator Detector

/ Sample
v Exit slit
rs'on

Saurce :
device

® Entrance

slit

g‘uﬁ 2.13 uanIasAUsENeUvBNATEY UV-VIS spectrophotometer [53]
winsaelnsiviniwesifaevluuvseendu 2 Ussnlaun

1. Single-Beam  spectrophotometer  Lilad15id@oanainunasniiassdazniutaud

Tlulasuwesiiu Grating Hiuansfegrudiudndgunsalnsasudyagraniewnaualnsiv

[
v a o

Infliwesussinilldan Sadiesandgsiuanlululasiuinesiugansasaiendesnising Sediae

o [ 1

Tudaunsalnsinsudyananasnisinudaasedadasldiead 2 wadlvanSsdiuaduiu [51]

T o

2. Double-Beam Spectrophotometer anssdazniulululasinmes 2 assaaeiuvinlila

a = o v a

AFIEMNNYNIPAULALIDENTUTEANT N INLAEAINNALLDEANNTULLDEBNANN Exit slit kaIAN59F

awludaunsnlfindn3ad (Beam chopper) fagagvioulunuansiogsluvnsineniuan Ssdasu

v '
aada o v a0 A

Truansindawnedslansvdannes anulululasuweszgnaunsalinassduenoanduansed

'
[ A

gosandanuduyindunasaaled 1 Sednsaellunnnizny  phototube ANULANAIIUDY

[y | =€ o 1

Anuduaznanaludyaaudsieludgunsaituiindygraselulunisldadalnsinlafivwesuuy

[

a139dn [54]



40

(A) g :) Visible light source
Detector
Reference cell
,Il
Muonochromator _)D_)”
[}

Sample cell
Mirror for selecting \

the light source Fd
L -
UV light source
@ _Uvi

7\
(B)
) Visible light source |
) s Mirror
Front view Transparent
Mutor
Grid mirror
Monochromator .
Sector I,
mirror Detector
Mirror for selecting \
the light source
"'".’ UV light source I
7 \"" Samplecell

UV light source

g‘U‘ﬁ 2.14 4ARBIAUTENOUVDLATEA (3) Single-Beam spectrophotometer wag (b) Double-

Beam Spectrophotometer [55]

2.11.4 M3INUAR W9 wazdBuinsvasgnulaedsugiuasioadlv wataas (Brunauer

Emmett Teller, BET)

1% '
aa

= o [ < wva a °o v ! o ¥
funEIIngvesTan Wuandinnienmniianuddydenisiiluldusenaunis

'
2 = =

fansaiietfaguuluimundundadudiais 4 A8auniwnufidein 15m3en1uinInsgu

q

a o [

o o & A £ aa laa a ' a8 < LY a 123 PN
NTUUR ﬂ’]i’)@’IW‘LWIN’J%'WL‘W'W‘Vﬂlm/ia?EJ'JﬁLLWJﬁ‘VH]%ﬂa’]’ﬂUVIULUUﬂ’]i’JWUﬁﬂm?JENLLﬂﬁ‘l‘LlImiL‘\]uVl

a o

gnaaduuuRaveian udthurmwasluiiuiiadmzuasysunsnguvesian

Y

A o/ ﬁy 1%
NOPYHNUITURASUANNTILUBINU

v & =

USUIS LOUWNY WATNALADS (Stephen Brunauer, Paul Hugh Emmett and Edward

Y

Teller) la@Anwinisgaduuialulasiaunsvuiimiuazaglugniuvesiagdauansunmi 2.12

wudufdlulasauigngaduiuasidunilaaiovuuivesianludnvaueidulianatuiersu

Y

[ '
aa

WuiuAanow anduuialulesiauiimdounsnszaelumdevuuiivesianludnvas il

Luanavanety fauwanlunini 2.13 §931nHan1sAnwITaIN1alsUkanIANLFNRUS TEN IS
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' ] ' ¥
I s

USunawesiiangngadu (W) dumnududuins (P/Py)  vestagiiiintu iuaunisisendn

Y

“@aun15ued BET” lasadl

1 ~ 1 C-1 (3)
W] Wl W (7

oy W= U‘%mmaqLLﬁ”aluTmLﬂuﬁgﬂam%’uﬁmmﬁué’uﬁmﬁ P/P,

W, = Vinaesufalulasiauigngaduindeuvuiivesansludnvae iy
Taanaduiien

P = puduveialulasauildluvasyhnismeass uaduladwnsusen)

[y

Py = ANusudNfvaialulasian iheduliadunsusen)

%

C = Amnnvuegivndsnuinldlunisgady

N

JUN 2.15 uanan1sgeduuiialulasiauuuiintiuesnieglugnguvesian

Adsorbaie s O
OO

(b)

JUN 2.16 uannsaaduluanavesuialulasiauvesianduiu o

U [ J ! 1 U v k4
INAINUAUNUTANUNTT BET Lﬁ@Wﬁ@mﬂiﬁWi%Wﬂﬂ —PO Ay P/Po AN & URT
w|(3)-1]
P
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Faandly Al 2.14 fanudu (slope, s) FaaunIs ;
c-1
> Wt
LLazf\gmé’fmmu y (y-intercept, i) A9a3NIT ;

BET plot for & bowr siofics aree alpha-ahordre determoned oo the Gexaird 2380
0 - !
b 1 1 o | 1 t
18] 1 | |
II.IEir
1.’5r
12|
0| L~ .
na | | -
0& ] &
os |
02|
I { 1 } I !
. | 1
IEl.liill 002 004 006 O0F 010 012 014 0L6 003 020 022
B
a

—n

TR -1

(Y v v v 6

UM 2.17 uansniauduiusseninausinavesiangnaaduiuauaudining

Y

Usnauveuidlulasiaufignaaduuuiavesianludnvasiiluluanatuies (W) dualagi

s WY i WnuAluauns

[

HUEITNNEvesdan Anadastl W, wiualuguns
g = WinNA
‘ M

Tog S = NuiRvesian Mbedunsuuns)
23 1 1
N = tavelanglas (6.023 x 107) Mreiduluanasielya)

M = Wwtinluanavesuiialulasiau (28 niusislua)

1%
Y @

{ (24 i U _23 1
A = Nunnihdnveduanavewialulnsaunignandu (16.2 x 107) (niieiy

HAITIURNT)

1% '
~ ]

A1 S; lmlemsmeUsuavessiegneianilivageu (w) agldaiuiinding wieduniss

WASHONTY
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[

USHAsgngusin (V) uaguwngnguade () vesian Annalannanuduiusvesauniseail

W
Vp——
p
2V
— p
S
p St

g W, = YSunaweuiia tulasiauiignaeduuuiinvesiannanududuivg (P/Py) ~ 1

(% v 6

p = anumnudurasialulasiaungnaaduuuiivesianinuRuduims (P/Pg) ~ 1
Si= WuNIvesTan IMeaeulaluNITVAFoUAILATBIIATIEAVIANUTIRIT NI WAL

Y3nmsgngu

[y

aananslugun 2.15 Twaddmsuldiiedns (sample cell) 913U 2 Wwad wadnilaussyian

9
fegeifoinsuaaeuiufinadmiz dudnadlulaTandegrumininiiluwadssds nou

[ o 1

nsnageusedlinuiounnaaiussyianiiegiuielannuduiasluanavesarsgnaadusin

9

[
& o

A 4 a 7 [y U 1 & o b4 [ d‘ 1% 1 a
ausl,'wa’aﬂmﬂm%uwama@mamﬂ ﬁ]WﬂUUWWIWL“ﬁﬁaWQﬁ@QLUUﬁ UINFA LW@I“JV]EJIUL"?@@K"LNN

9 @

Lanavesuiayiindy neuiduwadns 2 aslunivuenusslulasauvanieliigadisassedlu

Azl Mnturukialulasaudslueadns 2 leguialulasiauidulugadniTan

Y

1Y [

MograzgnantuuuRivesiani Waudunsluwad iussyianmedvanasaunsevisnsi (P)

1

Tuvugwaanlidfaniiogisnnuduvesuialulnsiauazan (Py) ToyaninIestuiinuasion
AUAUETINS (P/Po) wazUSunaesidlulasiaungnaady (W) lagTaniiegns :ntuiaTes

zUapswnalulpsLau LD N UREI T UATILSA LLazLLﬁ"a"LuTmLﬁ]ugﬂ@ﬂ%’mummﬁumﬁﬁﬂLfJu

[y

! dy Y [ saa v 1 1 ~ ! a o [24
Lﬁuumumzmmmmumsﬂumaawma@ Wetlianas (P/POo = 1) LLﬁ@Q’JWlMLﬂ@ﬂWiQWU‘ULLﬂﬁ

Lulpsiaudnuan ndeyaranuiuduinsiazUsnaveialulasiungngaduils wieq

Y Y

1%
I a

i n1susrananalagltlusunsumuannisees BET LLﬁﬂﬂNﬁE]@ﬂﬁJ’]L‘fJu AMNUNRITIUNIZUAY

USumsueagngu [53]
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uni 3

A5N15AUNIIAY

msfedifunmsinunnsdauameiidulonsveunnaenudumaduasnzatstidu lng
Bslalasmedtaniveuluwiu et luuszgndldnulufunmsgedunaziissujiten Toe
szfnunadevesgumnliuaznanilivhufiselunszuiumslelasmesiamsveuluistu was
HaTesiE ARSI IA-ua Mntuwinasieudsudoulaillflunslalnametaensueuluedu
soaufugnuresiuinuagnisgaduihddon Tnssuidedldudinmaasseenidu 3 diu
Usgnausnetanuaraunsaifiduiuluauide anuillunsduduanuidensstunounissiiua

[

o nswasdeaamundiansaasUianseandusnulsduneuluniseassls

monURNIMAE LA nEa18UEY

A 4

YIUIANLAR LTI UARAYUIA

A 4

nszuunslalasmesiansua buetu

A 4

monUraNmeE (Ha+idule) , neaneudu 10 3y + dhusAnlessu 100 Taddns

niuldasiaunsal gaumgil 160 180 uay 200 ssrnaalganal 4 8 12 Flus

v

aulviuisfigamail 90 serivales

181 24 Tl

A 4

ynsansvauluedui gaungil 300, 500, 700 waz 900 BeATALTYA 1A 2 Falud

Aelaussennid N,

v

nszuunslelasinesianisusludunuuiudusaujizsen nsa-wua

!




!

aonUrdNmer (Ha+idule) , nzanedndu 10 n3u + FseUfAsensa (HCL, HNO;,
H,50, W8z H,PO,) waziua (NaOH, KOH, Na,COs, way K,CO,) finmuidudu aeeas

0.5 0.7 wagl %w/w ldasieufinsal Mgaumgil 200 aerLaies

1A 12 93l

v

aulviuvisnigamail 90 s iwaIdesd

LA 24 T

\ 4

n1sasusuluedun gaumgll 700 ssriealdya 1ian 2 ilus neldussenna N,

\ 4

AnwAnaudRsingeg

v

lassas1adugiu

I !

v
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v

= 1 s o & da <
Anwmyileridu wunuarAnudugngu

nspaguddey

5UM 3.1 urunnlansduneunsivy
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3.1 Faquazgunsaiianiuluanuide
FaquazgunsaiililunsAnuideluassil Ussnouse ansaiiildlunisdnewiaide

gunsainldlunisveass uaswnsasileldlumsimse

3.1.1 Yannsduuazaraafifiisatodduauide

3.1.1.1 eenUnduner waznzateUdual anatulidududa

3.1.1.2 astilfidususe fiensausznouluse nanlalasnasin 37% (HCL) 91nU3Hw
nsAlum3n 65% (Nitric acid, HNOs;) 21nUSEW Carlo Erba Reagents, nsadawa3n
(Sulphuric acid, H,SO,) nIMAINUTEN Carlo Erba Reagents uay woawain 85%
(Orthophosphoric acid, HsPO,)

3113 asnlddudnseuiisonvalseneuldie  Tudsulensenled (Sodium
hydroxide, NaOH) a1nu3®m Carlo Erba Reagents, Inunaidesulansanlan (Potassium
hydroxide, KOH) 1nU3%W Carlo Erba Reagents, latfgumisusiua  (Sodium
carbonate, Na,COs;) n3A1AUSEN Carlo Erba Reagents Way Inunaidaumisusium
(Potassium carbonate, K,COs)

91nUS¥W Carlo Erba Reagents

3.1.1.4 ansildmnasunisgadudden widuug (Methylene blue) 39nU3¥M Carlo Erba
Reagents

3.1.1.5 tusienlesau (Deionized Water) nvesUuAnIsuIlunesa

(Nanoporous Materials Research Laboratory)

3.1.2 gunsalitllunimaaas
3.1.2.1 faunsalsuun1vusUa (Closed Reactor)
3.1.2.2 NT2UaNd@MsunUTIINg 100 Hadans
3.1.2.3 winsamiunislelnamesianiveluedu aunsoksguunilizean 300 e
ERIGHE
3.1.2.4 Tninesauin 100 way 250 daaans
3.1.2.5 1esesliiAnusou (Hot Plate Magnetic Stimer, §u C-MAG HS 7, 8% IKA)
3.1.2.6 uaudwandmsunistunueans
3.1.2.7 ousingns
3.1.2.8 Utde U 5 Hadans
3.1.2.9 UFUUTNINT 100 Hadans

3.1.2.10 #a9aNnaDd
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3.1.2.11 n32NUIRAN

3.1.2.12 NSI8NTOIEANT

3.1.2.13 AS¥AIYNTEY WUBS1 (UM 125 mm, Svie Whatman)

3.1.2.14 gefufion dwsuldtuny

3.1.2.15 1WWW3a@518nd 119 A n98 35 mm 813 100 mm g4 18 mm

3.1.2.16 wwnUfnsalwuuyie dusunismisusluiedu ﬁmmmmuqmmﬁlﬁﬁq 1200
IR YA DY

3.1.2.17 faufalulasaunrnians 99.99%

3.1.3 \neudlefldlun1sinsent
3.1.3.1 NdesgansImidiannsauluudeinsin (Scanning Electron Microscope; SEM)
EVO®MA10
3132 iedosiSesnsunlesudunsnaalnsalall (Fourier Transform  Infrared
Spectroscopy; FT-IR) PerkinElmer UATR TWO
3.1.3.3 \A0etaNIaas
3.1.3.4 Lﬂ%"aﬁmiwﬁﬂmé’ﬂwmsﬁuﬁﬁ% (Surface Area Analyzer) 3Flex Micromeritics
3.1.3.5 Lﬂ‘%@ﬂ@—aa@a dlnlnsalal (Ultraviolet-visible spectroscopy; UV-Vis)

LY

3.2 aowilumsaniiuayisy
3.21  WeeUfuan1sidedangwiuunluiuns (Nanoporous Material Research
Laboratory)
flog :  omTITeulumaluladdiuss Inerdoulumeluladnszaomndiaianseds
anUumAlulagnszaouna 1t iIANNIITaIANTEUe DUURABINGY WU9A1ANTEUY LIRa1nnTely
NFUNNUUAT 10520
3.2.2 gududnnssudan AA3Y13AINTIuIEe (Materials Innovation Center, MIC)
Auduinnssudan augImnssumans anIng aeinensmans 50 a.909ANU WInT

NIWNNA 10900

3.3 YURBUNITABUUUIY

3.3.1 nswseniagaesudmivduasieiidudulounTuaisvaunas dansizndule

A1suaunuUliANALs U ATEN
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33.1.1 theentidumaduasnzansududarlumnuasliuiafieldanutudungm 2-3
fu nutiememduinaiuaszareiduafuiudnndauasundeadosiu Tiiuunn
Bnasuszanas ~ 80 (Mm) Tlasiuns tnewdevnstuanuuiauds agldndndosidy 3 wuu Tne
wuslunenurduimey aglaldudnuae ne (powder) uag wdule (fiber) drunganeurduianagle

Wudnwuzidule (fiber)

5UN 3.2 uansdnuaizvaamzatgUiauildauas aenurdunar (nauazidule) Niunistuanvuie

(Seaangngluvn)

3.3.1.2 yhmsdanontrdumes (nawazduly) wagnzansurduan (Fule) mnduiuedn
a¥ 10 ndusuanfuthUs1A9InUseq (Deionized Water) U3uns 100 fiadans Taaslufeufnsal
wuuda Anibudndutesiaafeiusuinaanlessushiy 1:10

3.3.1.3 ihnenuauinay (Hawazidule) wasngatgurauan (dule) ussaadudsnsal
wuuladimufasaifegud 3.13 ilevihnslelasmesiansuslulduiioumndl 160, 180 uaz

200 pemwasdea Wunan 4, 8 way 12 7l

UM 3.3 uansdnuaizresdsufnsaluasianufnsaldmsunislelasimedamsveluwtu
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3.3.1.4 naeannszviunisialasmesdanisueluedu dndeufnsalluanainusouniei
B Mntuihwdndasinlaluvinnseuliuisioamgll 90 esmwaidea Wwan 24 Falusliudi

AUN

JUN 3.4 uansiegndnuzaenUdinag(n)ndiliiunszuiunislelasimeda (1), aen

Urduner(ne) iunislalasmedanisusluwdui 200 ssrwailea 1Wuna 12 9alus (@)

3.3.1.5 ihJanesveuniiunseuiunstslasnedansueluedy wvihnsansuetuiedu
Weliuiuiifiuaranuduasueudigamgll 300, 500, 700 wag 900 o eaded Wual 2
NN elAUssEINIAL LRSI TORIINNSIAINSaY (Heart rate) wWinAu 10 8IFYaLReans
=1
Y7
3.3.1.6 Wavnisansuslustusiagaasaisouses wadrselminSatdundrinnisiivans

agsldgeduaen

: \ ﬁ
Y =

JUN 3.5 uanadnuasvemeaeUrduUauag aenUrdunay (nauasidule) AiunseuIunig

lalasiasansualuwty (Sesangreluvn)

3.3.2 nsduanzidulearsuaunuuiinsisauiselavandenssuiunmsialasmes
Jauazasvauluiwdy
3.3.2.1 vimstanenunauinag (19) 11U3unn 10 nfuuwauiudusaujisennsa (HC,

HNO, H,50, 482 HsPOL) haztud (NaOH, KOH, Na,COs, Was K,CO5) finnududu 0.5 0.7 wazl
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%w/w Tagvinn1stiunasaraenIALALIUaLaI39UTUUSINIMEIUI1AAINUsE] (Deionized

Water) lurinusudsunsuuin 100 Iaddns udnavldldadudaufnsaluuuin

JUN 3.6 uansinuazniswseunanaumAg(EOUnszUINnslelasmedam Tue lulgtun

200 asAwadea [Wuan 12 97lud

3.3.2.2 thaonundumes (49) fiiufiseuiisensauasivands vssgadudfnsaiiuy
Uadumuinsal iieviinislelnsmesifansusluduiigumad 200 ssmwaidea 1unan 12
il

3.3.2.3 ndsnnnsvuaunislelasmesianiveluedu thiswinsalluanaufousie
Fu enduiwdndasildluhnsouliuistonmad 90 ssmueaidea ium 20 Faladlviusts

AUn
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g‘lh’?i 3.7 LLamﬂsmﬁlfé’j’ﬁwﬁﬁ‘%m (HCL, HNOs, H,S0, 4a¢ HsPO,) (uuanngeluaan)

aaa

LLazwaﬁh’j’v‘iﬂUgﬂsm (NaOH, KOH, Na,COs, thay K,COs) @1sangigluain)

3.3.2.4 ifanensusuiinunszuiunslelnsimesamsveluedu snvihnisafueluetu
defiuiiuiiiauazanudumsveulasnisihiogninds 3.3.23 Tnsnstaimdntanesveu
$1uru 5 nfu ldaslluiiFesnind vt A fguit 316 wazidianasusuluedud
ol 700 ssmwadea iuian 2 Hlunneldussernalulasiou 148nsnnsliauieu
(Heart rate) Wi 10 aseniwailoaseund fagui 3.17

3.3.2.5 Wovhnsefuslutusnegaaiatousos udselithZouuddsinsifu

o ! ! a =
a1sfegdldgiduden

JUT 3.8 wWhiSewsind dwmsunisasueluetuniglavsseinmealulasiay
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JUN 3.9 wnundmsunsasuslueduniglivssennialulasiau

3.3.3 Mmagaun1aaduidou

mahsenUdumeagiidudulouluaiueu mnmsiunszuiunslelasmesifanisue
ludushensauaziva waznsasuslumtuiigumgdl 700 ssmwaldea a1 2 $alus umnaey
nsaedudden Tunsnaassnisaaduadenrinlaeldwituug (Methylene blue)

3.3.3.1 dudulswluansveuvesnenirdumagumageumsaadudden lun1snaaeinis

a o |

anduddeulagldddeumiifuug Aanududuy 25, 50 uag 100 fadnSusiedns laginsdadule

'
L2 =

wluAsuay 0.1, 0.2, way 0.3 A5U wadlutnnasvuin 100 Jaaans Aesu 3.18

Y

JUN 3.10 uanudulouluasusuvesneniidunagnsalalasaassn (HCY 0.1, 0.2, uag 0.3 N3y
3.3.3.2 aaddouiuiiauug Nnnududy 25 fadnsusiedns madlutninesniinnstuduly
wiluasveuliudldauisudmindmsuduniuarsUaiidienszanuiiing antutly Stirrer lng

Tdaussau 1500 seusiowd, gaumnll 25 e waided, vian 5undl fegui 3.19
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JUN 3.11 uansdinuazveuddlewluasueu 0.1, 0.2, kag 0.3 TN NAUTUTY 25 Tadnsuse

ams a1 5 Ui

3.3.3.3 vinstaduleunluansueu 0.3 nsu wasludninesuun 100 Haddns waznied
fonuiiduug Naududu 50 uay 100 fadnsusednsmadluinineslduisdmandmsuiuy

nuasUansenszanuiin aantuily Stirer Ingldrinuiaseu 1500 seusewd, aamal
25 eFwaLgyd, 1381 10 Wag15uil Aagun 3.21

5UN 3.12 uansdnuazveadulownluasuau 0.3 nu MAMNTU 50 wag 100 dadinsusiedng

1381 10 wag 15 w9 @1ngeldea)

2.3.3.4 Ladvinisnsealaeldnsiunssaasnszaunsad wes 1 Winilaannnisnsesld

)

wildviaeanaass AegUN 3.22 waztluiaseinasigiases (Ultraviolet-visible spectroscope

UV-Vis) Tnan1sm 11Us1e9nUseq (Deionized Water) USuiieu standard wazainduivihnisin
arsaranewniauug lagle A, wihiu 667 uiluns
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JUM 3.13 ULaAIN1SNTONEIMENTTATENTONUDS 1 LATANYMEYRIANTAIRENNIINaIINN1I9N

Fupgddenuitauug ndelvin)

3.4 N1IATIVIAUALIATILVAMENTRAINY
Uiiegravandulaunlumsuaunneeniiaumaliazneatg e Taneukarnds
nshnssuaunslelasmestansvenlumtuiiommsiinmsisnvasuarau e feeluil
3.4.1 nsAnwlassaiisedugiuinen (Morphology) AIENH89aNIIAULULARINTIA
(Scanning electron microscopy, SEM) ie@nundnumylasiadiavesansiegisainaeniidy
wafuasvzaeU s fiuAsuuUasisnounasudanssuiunslalanmesianivolueduas
sdenaInNIsinsEUIuNIAI Ul @15A108199ABIVn N1TIAdeUMeNes (Au) lasnls
Sputtering foufiazthlulnseidng wdes SEM ileliufinvesshegraiuiilni devinnnsda
SudnnsoulufiiuRnwesasiedne Aasvliiuiivesasiedelinunudaiulunisasada

1R8yiNSIEA1a98189 500X kag1000X AUaIaU

JUN 3.14 ndpsganssAlBianmseuLUUERINTIA
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3.4.2 M3fnwmgilandunaaiivesTanuiluasususmgimallaniseimienesusunsg
waaalnsalal (Fourier transform infrared spectroscopy; FT-IR) Lﬁlaﬁﬂmumiﬁmawyj
flafdurasansiegeiiuasuulamnnssuiunislalasmesiansuelumiulaznszuiunsnis
velumdulnsayldmasvonioawazluun Transmission  lun1siATIERa1si9E19 ¥1n1s

awnulugig 400 cm” §94000 e wag Scan rate Wiy 16

5UT 3.15 aTeulBesnsunesudurisaanlnsiines

3.4.3 ns@neiufiiauaranudugnguvesiissuisendaguiluasveusiemaianis
aadululasiau (Brunauer-Emmett-Teller; BET) tivefnwuuiliuvesiuiiauazannulugngy
31nnszvIunIsialasmeslianisueluedutaznszuiunisasualuwdu andagduloulu

ASUBYU MlABN1sTeEnsAegnsUsEann 1 ndu WahudnsemeLA3ee BET lagvinnis degas

a

Pgamall 150 ssrwaidea Wuian 6 Hilus Wiiemdnluanavediieonanalsfnieg neuieg

9 Y

1
a

YN IATIEANUNRNIVDIE1TAIDEN

UM 3.16 aTedlinTenituilinasAunguvesian
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3.4.4 miﬁﬂmmﬁamﬂﬁuLLawmaﬁé]’aamq‘Imm‘?m (UV-VIS  Spectrophotometer;
UV-Vis) ilefnunnisgandunasvesiagidulounTuaiueu fldannszuaunislalasiesians
veluwduiuiiseufisensauaziva uaznisaniusluedy udidahumeasunisgaduddon
witduuglaeiumegeulagnisiuSeuiieu blank  lun1siesieiansiiegne lagvinnisinan

AanAuladluyInNLIINAY 400 ft 700 Urlung

5UN 3.17 1n303g3-380a awnlasalal
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unil 4

NAN1IVAADILALBAUIIUNE

4.1 wavasguuliuazatvanszuIunisialasmasiansualuiydy

INFUA 4.1 wag 4.2 wansnavednszuIunsielasimedansuelugdunuuliidiudse

'
aaa =

UffseneamaiivazaiiievasnanUidumegias neatgUndula wahuninseidnwivy
flardufoinieSosmuresudunsusaanlaiines wansliifiuindnsasundasveamy
faftuAntundsinnszuaunislalanmeialugumgiuaziaaidiey Tnsnudn dreanueaiy
Tutas 3680-3000 cm - daidunisduveny -OH stretching Tumlensenda wieansuaia (58]
P9ANLIAALT 2925 cm Az 2850 cm - L1unsdureny C-H stretching lumeaudnanlss
Usznaulufewaglaauazieiivaglad 129a01u819AauR 1740 cm Wunnsduvomjieaines
vousiiwaglaaniensuetanvosaniuuaziefiwaglaa [59] lutieenueniaduil 1600 cm uaz
1512 cm’’ L‘ﬁuL‘i‘flumiébusuawyjﬁﬂﬁ%'u aromatic -C=C- stretching U aromatic ring ¥a3anilu
F23Pu81IAAUT 1460 cm unnsduvemyilaidu -CH,- bending  wardIsAIMEIARUT
1200-950 e’ (Humyjnsduveanyilsditu -0 finduiiidranauiiosainnisuandivemy
landu -C-0 vaueinufisenlalasweiansvauluedu annran1sinsisitissuaunsaasule
11 Wegamginaznailélumaiijiselelasmetanfvouluedunniu nsdureny
flafdu -OH stretching azfiUSinmana iiosnanuavesgaumgiiuazianildlunsiujasen
lglnsimetansveulumiuiifindy lasvuziuiitefionmnigduasiin nguiunsnisida
ffwaaﬂ (Dehydration),  Am1suan@iatu  (Decarboxylation)  WAZATZUIUNITAIULUY
(Condensation) Wintundouifu [60,61] vlsiautimauniivasmomdumnaduasngaisunduan
ndsnszuaunislalnamedta fenudumsveuiumnniuvioaunsoesuelddnedie Ao arangu
anluiwaglaa Ssusznaudae wagla ifiwaglad wardniiu wwaaefudiogungiigatuuazioa
flastu ffunavesgumginazianazdmateniaiUdsunladiasiadisveanonrdunagua

nratgUnauan



(ix) OMPF-P 2002c/ 2h
e e et

(A)

(viii) OMPF-P 2005c/8h
.

(vii) OMPF-P 200°c/4h
o m——

{vi) OMPF-P 1802c/2h
_'_‘_-"'l-—_

(v) OMPF-P 180°c/8h

(iv) OMPF-P 180sc/4h

(iii) OMPF-P 160°c/12h
e,

Transmittance (%T)

(i) OMPF-P 160°c/8h
e

(i) OMPF-P 1602c/4h

50 - 800 cm”

Raw OMPF-P
]_ “,
3000 - 3600 3000 - 2800 cm™
OH group CH strecthing arematic C=C

I e o VW
1600 - 1500 cm™ 4

450 - 1350 cm™
CH bending

= 1 - 1 2 I o 1 ™ 1 - I L I
4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (cm™)

() OMPFF 200°cM12h
P, o

(vii) OMPFF 200%c/8h

(vil) OMPFF 200°c/4h

() OMPF-F 180°cidh

Raw OMPF-F

]
I_a _-w_
o~
— .
@ | (V) OMPF-F 180ec/ 12 \/MJ\/‘\\‘
(& ] W—__\-\‘
& | (v _ouprr 1zoecizn
E (iv) OMPF-F 180°C/4h 7
= e T an- W 4
@ | (1) ompF-F 160=c/12n
l—

(i) OMPF-F 160°d8h

B e e

\M\\m

3000 - 3800 cmi !
OH group

1600- 1500 cm' 1450 - 1350 omi'! 1250 - 500 oo

aromaticC=C C-H bending O

2000 - 2800 cmi’!
CH strecthing

T I | I
4000 3500 3000 2500 2000 1500 1000 200

SUR 4.1 N5 FT-IR 203am0nUn&u(

U

Wavenumber (cm™)
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H9) (A) AnUdU(HY) NEunsyuIumslalasmedaigamal

WaLALANFA1TU 198 (i) AanUAU(Ha) 160 aerwaLed a1 4 ke (i) 160 9ALwaLTYE

nan 8 4alua (i) 160 serwaldoa 1nan 12 alus (iv) 180 serwaldoa 1ad 4 $2las (v) 180

IFLALTEE 1381 8 TILud (vi) 180 aarwadied 1381 12 9aLud (vi)) 200 aeAwaLded 1an 4

g (Vi) 200 BaARLREd 1387 8 TILUG kaY (iX) 200 pIALGALTYE 1381 12 F2lud, (B) Aan
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Undu(dule) Ainunszuaunslslaamesiafigamainaznafiunnsisiu lae () aenurduGile)
160 aerwaLded 1an 4 921w (i) 160 psrnwaldea 1ia1 8 9alus (i) 160 asrmwaided 1an
12 F9l4 (iv) 180 esrnwaided 1ian 4 9304 (v) 180 esmwaidoa 1ian 8 434 (vi) 180 a3
walded e 12 Flua (vil) 200 ssrnwaiea 1an ¢ F9lus (vii) 200 esraaided 1a1 8 alu

wag (ix) 200 2aA@ALTEd 1A 12 Tl

(x) EFB 200°c/12h

T D 00Nt -
ix) EFB 200°c/8h M
ALSEeazre iy Ge=

{viii) EFB 2002c/4h — G ™
_'_'_""‘-h-...__,_,_——--\w—

(vii) EFB 180°¢/12h M

(vi}) EFB 180°c/8h

S

(V) EFB 180°c/sh M"x/—\—u
_._-""-l--._.--—'—'_\f\r_

(iv) EFB 1605c/12h \’M\/’_\
Bidda L

(iii) EFB 1602c/8h m
—-"'—'——.._,________W_v_

(i) EFB 160:cih \,%

T s SN

Transmittance (%T)

c-0
5 = 3000 - 2800 cm
3000 - 3800 cm CH strecthing

1600 - 1500 cm™" 1450 - 1350 cm
OH group

arematic C=C C-H bending

3 1 5 1 F 1 b 1 = 1 W 1 b/ 1
4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (cm™)
JUN 4.2 n5l FT-IR vawmgangU1dy neangUrduisunseuiunsislasimedanaamgiivagian
Aupnanany ae () neateuay (i) neateguiay 160 ssAaaled 13an 4 Gabud (i) 160 996N
WaLged 1381 8 Tad (iv) 160 aaAwaLud 1381 12 F3kad (v) 180 aaAwalded a0 4 331

(vi) 180 peFwaldea 1an 8 Falas (vil) 180 aarwaldea nan 12 $alus (vii) 200 asAwalded

1287 4 T34 (ix) 200 DIAMTALTEE L3871 8 TAhud (x) 200 DIALTALYEE LIa7 12 Takalg

NFUN 4.3, 4.4 uag 4.5 uanraveInszuIumsialasvedaniiuslugduwuuliiiy

a 1

misalfisengungiuaziiaiiiegvesnenirdumagiagngatgurdudan uaidudnsey

Y
17 '

Anwdnunrlasaiaiuiinfeieiedinseinudnuusiuiiia (Surface Area Analyzer) uans
Tfuifimadsundadasaisiuiifivemenundumaduasnzatsiduar Inednums
Tassarsvesaenudumaduasvzansurduneunslelnamerta fdnvaslassaiaduinFouid
AnuwsasEien erunszuiunslelnsmesia figamgll 160-200 esrwaldea uan 4-12

a

Flg WU penUiaumALasngateU1duUaT HlATaasaUTUNUNRINTIANUUTUTTRALLARS
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mauandanniundsnnszuaumslelasmesannuidusnguresiiuitvemansusilelas oy
Mutudawalfdfuifduiniuanfntesiudnuuiiuia Tnsgesiramaridvinldaay
a1sUsznauaIndanaiedu [59] ileguunilunisiujiselalasmesaguuniatu Aef
gounfl 200 ssrigadea awansadunaiutinalasaisiuifianadsundaddeds
Forau FaiulunAfediddhnsfinwnssuiunsiuiitelelnanesiafioumnd 200 e

waed a1 4-12 Falue TutupeuseliieiSeuisumeulaningn

Ul 4.3 21 SEM  (f1dswene 500X waz 1000X) vesaenU AN () (@) AW SEM
(f&svene 500X) ponUdumalRdslinunszuiumslelasivesa uaz aonUnduimeag () 7
runszuunslalasmesiarigumniiuandnaiiu (b) 160 ssmiealdea 1ian 4 92lua () 160 v
walded 1an 8 Flus (d) 160 ssmwadea 1a1 12 $2lus (e) 180 ssmwaidua 11an 4 2lus
() 180 esrwada 1381 8 3lus (g) 180 sdrwalded vian 12 Halus (h) 200 esmwades

A 4 $9lu () 200 esmwaided 1an 8 $9lua () 200 psrwalded a1 12 Falug
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10 pm

Ul 4.4 aw SEM (Andswens 500X Waz 1000%) vesaentrdumad (#ule) (@) n1w SEM
(fdsvene 500X) aenUnduimerdsliiunszuunislalasmerta uay aenudumear (Fule) 7
runszuunslalasmestaniguvgiuanaiu (b) 160 ssmuealTea 1aan 4 $2lua () 160 v
waldea 19an 8 2lus (d) 160 ssmwa@ea e 12 9919 (e) 180 ssrniwaldea 1an 4 Falug
(f) 180 ssrnwadoa a1 8 9219 (g) 180 sarnwaldod 11a1 12 93lua (h) 200 esrwaded

LA 4 $2lus () 200 ssruwaldua 1an 8 $3lua () 200 psrwalded a1 12 Falus
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10-um

10%m

gih?‘i 4.5 M SEM (Maswene 500X kag 1000X) voangangU1au (a) A SEM (Masaeg 500X)
nzarerdufiddiiiunszviunslalasveda was nzareurdufidiunszuiunslelasineiai
oamgiuansnaiu (b) 160 ssrwaldea a1 4 $2lus (©) 160 ssmwaiTea a1 8 $alus (d)
160 aernaaided a1 12 $alu4 (e) 180 asmwaidud vian 4 Flus () 180 erwalded 1an
8 419 (g) 180 asrwalded a1 12 Falus (h) 200 seriaaidea van 44alu () 200 o9

WwalGyd 1ia1 8 Falas () 200 eerwaldyE an 12 Falus
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4.1.1 wavesauuniiuazaailunislalasimaliaarsualuwdun 200 asrwaldesuas

LIANLANAINU

INFUN 4.6 war 4.7 uanwmarasnszurunistalasinedanisuelueduwuulidiiudig
UfAsefigamall 200 eerwadud wazliaInuanaiurasnenUIaunaAgiagnga1eUauUeE
v o a ce ' co v = a s s a a < DA
wthuiesenAnwvyilandusiieiaseslitesnsunesudunsusnanlaiines uanslmauii

a = | o a &£ Y o ' A o =
finswasuwdasvemyilanduintundaainnseuiunisielasmedia laenuin Weviinisfinw
waziUTeuiigumnavesaanfildlunszurunislelasvedanis velugduiigamall 200 o3
i 6 ¥ > o | Y ] -1 = ) |
walded uanafilduansaiu Inegisrnueniaiu Tudig 3680-3000 cm - Fadunisduveany -
OH stretching Tunilansen@a viomsuaiia Inendsainnszuiunisialasiveda nuindaanad
\Wengaumiingsluvuyhujiselalasmedaasueulueduaziianszuiunsnisidnid
. 1 {  a L -1 o !
a0n (Dehydration) [56] F3aAMe1IAAUT 2925 cm waz 2850 cm  1Tun1sduveIMY C-H
stretching Tunedudnenlse Uszneuldimeivaglaauazielisaglad ¥39m11ue13AaUN 1740 cm’
1 = Y 1 3 a = 3 Na a a a |
Jumsduvesmiyieainesvesiiwaglaaviaaivedanvesdniukaziadiwaglaa [57] Tutas
| A Il > Y ! o . .
AINENIAGUT 1600 cm waw 1512 cm WJudunisdureamnyileidy aromatic -C=C- stretching
\Ju aromatic ring vas@niulaz aromatic group MANTUIINUHATBIAISUDUlUETY Fr9a Y
{ -1 Y 1 o . | {
g13A5uT 1460 cm Wunsduremilandu -CH, bending wagdasmueIAGUR 1200-950
-1 1 Y ! o | Y o q o 1 o
e Wunminisduveamyiteidu -C-0 Tnsfinynifidananiiewinnisuandivesmyitaddy -C-O
yaugvuisenlalasveiansusuluedy
PNWANTIATIINT N FT-IR Drssuanunsaasuladn nssuiumslelasimediaioumad
200 aspgalfea Wuan 12 9alus asvililassadsvesdnluwaglaa anisuandaandule
19 Y I3 v [ Y U a a a a Y
vuabrgfladauiaianaslaanan uwagitliiananluwaglaauazdniuaziinnisaaigdilaly

N3rUINNNTHTAenARediuNaTes SEM 7Ildangun 4.3, 4.4 uay 4.5 Nuansinuazlasaiiees

a

dy Aa a v a = )
NUNNIUNANTIIUANAININTNNYUNNU 200 D9 gaLTyd 1a1 12 Talug

9 Y
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N N 1 N 1
(iv) OPMF-P 200°C 12hr

(iii) OPMF-P 200°C 8hr

(il) oPMF-P 200°C 4hr

Transmittance (%T)

3000 - 2800 cm”
CH strecthing 1600 - 1500 cni’

{i) Oil palm male flower - Pigr?ént aromalic B 1250 - 900 e

. — | ] C-OH
—-—''—'_'—‘'‘-!-..,_._‘_'_,_,_.—-—l""'L
—
3000 - 3600 o 1450 - 1350 e
OH group C-H bending

I I I I I 1 1
4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (cm™)

(iv) OPMF-F 200°C 12hr
T — (B)

(i) OPMF-F 200°C 8hr

o

5o

S~

S

[4}] -

o |(ii) oPMF-F 200°C 4hr

c

(1]

=

wn

c

E - 3000 - 2800 cm? 1600 - 1500 cm”

| (i) il palm male flower - Fiby CH strecthing aramatic C=C

_.'_*-""Hﬂ_'_

3000 - 3600 cm™ 1450 - 1350 cm” \
OH group C-H bending 1250 - 900 cnt’

C-OH

v 1 v 1 b 1 N 1 v 1 o 1 ' 1
4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (cm™')

U7 4.6 n3l FT-R vesmenthdumas (manaziédule) (A) senurdumer (Mofid1unszuIuns
lelnsiediaionmgil 200 ssmwaldoa waznaiuansiaiu Tae () aonUrdumeg (ws) (i) non
Undaineg] (19) 200 ssrwaldea 1an 4 Falus (i) 200 ssrwaldea 1nan 8 Falus (iv) 200
ssrniwalBea han 12 $9lus (B) nenurduiwes] (Fule) () aenurdumes (&ule) (i) nzanoundy
200 parial@ea a1 4 Falua (i) 200 ssewaLFea a1 8 92l (iv) 200 BsrwALTEa AN
12 $alus
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' I ' I d I ' I
(iv) EFB 200°C 12hr
m_

(iii) EFB 200°C 8hr

——__\—-—-‘—_W"_ \—/\‘hd\,\[\‘
(i) EFB 200°C 4hr

, . 3000 - 2800 cn” 1600 - 1500 crr!
(i) Empty fruit brunch CH strecthing aromatic C=C

3000 - 3600 co’! "r
OH group 1450 - 1350 o’
C-H bending

Transmittance (%T)

1250 - 900 cnt’
C-0H

' I s I 5 I . I i I d 1 b I
4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (cm™)

JUN 4.7 N5 FT-IR veangateU1du (A) neaeuiauiiiunssuiumsielasmedianigamgll 160
parwalded uazlianunndeiu Tag () eareuU1du (i) ngatedrdu 200 ssrwaidya 1ian 4

1319 (iii) 200 DA TALGYE 118 8 Fla (iv) 200 asANYaLTYE LIa1 12 N3

4.2 NavaRUn)NvaINTEUIUNITATSUBUL LY T

NJUN 4.8 way 4.9 wanwwavesnsruIunIsAIsuslulduluuldiudusauiisend
gaunnikasiianf1auasnentrdumalkaszateUduUa1n1eldanneenalulasian wad

a ) | ) 44' a s s a a s Y & 1 a
u’uJ'T’JLﬂi'WSﬁﬂﬂﬂqﬂgﬁﬂﬂ%umjﬂLﬂiaﬂwjLﬁﬂiﬂiquwaiﬂi@u‘WﬁqLﬁ@ﬁLﬂﬂI@ﬁJLm@i LLamﬂI%L‘Viu’J’]@J

nswisunlaemyilsiduintundeannszuiunisansveluedulugumgiuaziiaisieg lag

oAl s

WU eenUrduiney uagnzaeUnduilandiiunszuiunismiveululwduiigamail 300 uaz
500 esmwaldea Ssasiivyiladdumaesy Womngamgiinldlunszuiunsmiveuluwdudsll
gunnmefiasshlingilsiudumel Taeflgamafinifuouluesuil 300 uag 500 °C wuiidng
Usnguyfilsritu aromatic -C=C- stretching ¥29A13812AALT 1600 cm  wawwyilarddu -C-0
P29PW81IAAUT 1250 - 950 cm vouivaglaa LefiiwaglaauazAniudinavdooguiinauiies
dntes 1esanlassadisvesdniudinsdesanolulinuadinuniony drunyilsidu OH
stretching ag vafileidu C-H blending fuagmely idesanliannsanusiogumgiiniudoud

gala diungaumgiiansuauluieduil 700 uag 900 asrwaldoa  wuitUSuiaveangleiduiy
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(% '
1 A ] U | =2

anasunauldindenyiladdutueg Fauandliniuinlasiasdnluagladedingaglaa 1ad

Y
waglaauazaniy gnAuseudosaatenuaudl 1o NHavesunildlun1 sy
490U INHANITIATIBRT1AY awnsaasuledn Wegamgdnldlunisiujfseinssuiuns
Asvauluw gy YSunuveamyilandud1enazanad LoInnaninanresansi 198198

vaa & s a Y Kee a U Y val
ﬂmﬂN‘UWWLUUF’ﬂﬁU@uLWNQJWﬂTU @'J?JL‘VWJNaugﬂuqﬂZiJf’\l'J'uJﬁ'uJ'ﬁﬂﬁLUﬂ'ﬁ(ﬂ@"U‘Uﬁf]@lllfﬂfﬂ

1Y
av A« [

Frfuluemideiadadiuiiosir asenurdumagiiduns svhufiteinszuaunislalas
wiesfar$uauludy gumgil 200 esmwaldea 1Wuna 12 $2lus TasmaiRuiusefizeond
Junsauaziua wdwihmsmfueluwduioumgdl 700 esrwades 1Wuna 2 luanneld
anmzomalulpsiau lesanaenurdumediduns wansdiifiuindnuazvesns Sudnauimin

lassadaziansuaninuenaenainiu waelidnwaranuluvgussdyngulsuaniuguny

QunniNgstu wazdawalindndasiulinnuluesvougitu Sahasmmnziunduiangedu

9 Y Y

(IV) OPMF-P 800°C (A)

(n OPMF-P 700°C

() OPME-P 500°C \

(I) OPMF-P 300°C

Transmittance (a.u)

/ M\‘
2900 ¢’ 1600-1500 e ¥ / )
CH alkane aromatic -C=0C- 1250-900 cmi

C-OH

g 1 . 1 v 1 ' 1 Y 1 v 1 v 1
4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (cm™)
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(IV) OPMF-F 800°C (B)

(I} oPMF-F 700°C

() OPMF-F 500°C
() OPMF-F 300°C \_\—\/\_\\—
\\fh\_—-ﬂ__‘_,—T,_\“~d

1600-1500 crmi™” 4
aromatic -C=C-

Transmittance (a.u)

1250-900 cn!
C-OH

N 1 N 1 ¥ 1 N 1 b 1 N 1 . 1
4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (cm™)

U 4.8 3 FT-R vesvasmenthdumeadiiiiunszsuiunisasvsulutuiigamgiiuaziiai
uanssiuneldanizenialulpsiau (A) aenurduimeg] (1e) AnunszuIunsauouluedy
Tae (i) ponundumeag (49) 300 sarnwaldoa Lan 2 alus (i) 500 ssrwaldea nan 2 $lus
(ii) 700 psmwAlTea 19an 2 s (iv) 900 BsmwalToa 1an 2 §als (B) monUrdNLNAY (v
To) () ponUndsinar (Fule) 300 esrmisaiea 1ian 2 Halaa (i) 500 ssrvaLdea 1ian 2 $lus

(iii) 700 2arwALTyd 1381 2 FLU9 (iv) 900 DarALYATYE a1 2 Takud

(IV) EFB 900°C

(Il) EFB 700°C

Transmittance (a.u)

{l) EFB 500°C

() EFB300°C \M——"‘—'-x_,
M

1600-1500 cm’” 1250-900 cm!
aromatic -C=C- C-0H

T 1 T 1 T 1 T 1 T 1 1 1
4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (cm™)
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al

JUN 4.9 N3 FT-R vameatsU1dy Neunseuiunisansueulugduiaumgiivagiiaiiunnedi
funneldanizanialulasiau Ty () neateuidy (i) neateuiay AunszuIUnIsASUDUlY
WU 300 DIALRLTYE 1380 2 Takud (i) 500 aaAgaLTyd 1Ian 2 93kad (iv) 700 seALwaLTud

1281 2 TAkad way (V) 900 aerLgawdied 13a1 2 F2l

4.3 NavavlaALIeugNten (nTa-Lus)
4.3.1 wanssuiumslalasinedavesnaniaumedniiuiindusaujisen (nsn-wa)

a Y 1

N3UN 4.10 uag 4.11 wanawavenszuiunisialasmedansuslueduuuuiiudaLg

UfAsensauazivaiionmniiuaznaidnsguesnenuiduney  (re) wdnhundinsisidanumy
flardusneirdosiBoimuefudunsusaanlafines arnnsmuanddiidiuindnisiasunlag
vowmyflsrduintundsnnssuiumslelanmetalugamgiiuazinainineg Taswud d29aanm
g17naw U2 3680-3000 cm - Baidunisduvemy -OH stretching lumyjlensenda vi3eniue
fia [56] $29A01W81IARUT 2925 cm - waz 2850 cm Lﬂumiﬁumawyj C-H stretching Tuwed
winnlsd Uszneulushemaglaauazielivaglaa 19nuenAduil 1740 cm - Wumsduvedny
lwamesvessiiwaglaavizensusdanvesdniunaziaivaglaa [57] Tudisaueninaudl 1600
o 'wag 1512 cm’ LﬂuLﬂuﬂws%’umawgﬁﬂﬁ%’u aromatic -C=C- stretching 1Ju aromatic ring
YyosAnTu F9AmenIAduRl 1460 cm ' 1umsdumesmyilsidu -CH,- bending wazdisaue
AL 1200-950 cm | Wungnsduveanyilsidu -0 Fadasiifidnanaciissninnunngves
vilendu -C-0 vugviufisenlelasinedanisusuluedu 1nnan1sinsgidisduaunsaasy
1# ilegamaiinaznanildlunsviufiselelasnmesansueulueduiniu nsduramy
flafid -OH stretching azfiUSinaianas ilosnannuavesgumgiinazanililunisyiuiisen
lelnaiesanfuouluetuilifindu Iﬂammsﬁmﬁﬁ%mﬁqmmﬁga%u%Lﬁ@ NZUIUNNTAITANNN
¥oen (Dehydration),  AmArsuan@iatu  (Decarboxylation)  WAZATZUIUNITAIULUU
(Condensation) safwUfAinsaiaiintunsoudu [58) vihlauiimaaivosmonuiduined

(49) naInTzUIUNSialasvea daruduaisusuiuundy lneaisnavdnluisaalaa @9

9 Y

' [
a a v A

Uszneume waglad welwaglad wazdniiu azaaiedulegnmngiiviaifiagy wareradumsiz

[ v o 2/ LY L a o Y a [ cal va 3 s
ﬂi@LL@%L‘UﬁLﬂumjwqaﬂﬂaaﬂﬂiﬁiﬁﬁiqﬂ’Jﬂﬂ’mﬂaﬂIUL%aQIﬁﬁV]WIMNaMﬂﬂJ‘HW‘lﬂmﬂ'ﬂ']llL‘UUF’HTU@U

(%
&

RO AP TIET. P PR Y Yoy P MR T G ot



(iv) OMPF-P 1M HCl
e

(A)

g "

(i) OMPF-P 0.7M HCI

(i) OMPF-P 0.5M HCI

Transmittance (%T)

3000-2800 cm™”

() OMPF-P CH Strecthing
i -

\«r\_\/_\

———

3000-3600 cm™
OH group

-1
16001500 cm 1250-900 cm

! I L I ~ I
4000 3500 3000 2500

aromatic c=c C-OH
T T

1 B I 5 I
2000 1500 1000 500

Wavenumber (cm™)

(iv) OMPE-P 1M HNO,

(B)

7
3000-3600 cm™
OH qroup

'\—c,‘ (i) OMPF-P 0.7M HNOQ,

-

Q@

[ ]

[ o

o

‘€ | (i) OMPF-P 0.5M HNO,

n franre
| g

(]

| -

|_

3000-2800 cm™ 1250-900 em
-|-v—-—'_'‘-‘-|-|.|_‘_'_._,_.—|—"L

1600-1500 cm'm
aromatic c=c

I I ! I
4000 3500 3000 2500

I " I " I " I
2000 1500 1000 500

Wavenumber (cm™)
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(iv) OMPF-P 1M H,S0O,

3000-2800 cm™ (C)
CH Strecthing

~—~ | 3000-3600 cm
E OH group
2 1600-1500 cm™
@ | aromatic c=c
g (i) OMPF-P 0.7M H,S0,
I 1250-900 i |
= C-OH
(7]
c
l‘_E (i) OMPE-P 0.5M H,80,
—_\\_ M
(i) OMPF-P
J\"\_"..f"'"_‘-‘-"\-.__‘__

! 1 " I
4000 3500 3000

1 ' I 3 1 " 1 " I
2500 2000 1500 1000 500
Wavenumber (cm™)

iv) OMPFP 1M H,PO,

(iii) OMPF-P 0.7M H,PO,

(i) OMPF-P 0.5M H,PO,

Transmittance (%T)

(i) OMPF-P

/

1600-1500 cm’"
aromatic c=c

! -1
3000-3600 cm
OH group

1250-900 cm

C-0H

1 " I
4000 3500 3000

=1

1 v 1 v I ' 1 v 1
2500 2000 1500 1000 500
Wavenumber (cm™)
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UM 4.10 N5 FT-HR - vesmenUraunes(we) Nunislalasimedaniudissufiseinsad

9aUNNN200 peFNTALTEA LIan 12 #1139 (A) HCL (B) HNO,, (C) H,50, waz (D) HsPO, firn

WU 0.5, 0.7 kg 1M



(iv) OMPF-P 1M NaOH

5
>
[ .
g (i) OMPF-P 0.7M NaOH
o
= 3000-2800 cm’
= 3000-3600 cm™ CH Strecthing
2 OH group
|c_‘E 1600-1500 cm’
i =
(i) OMPF-P 0.5M NaOH aromatic c=c
_'——MF__W—H
(i) OMPF-P
'ﬂ.—_ﬂ__.w

" I = 1
4000 3500 3000

I " I " 1 = I " I
2500 2000 1500 1000 500

Wavenumber (cm™)

(iv) OMPF-P 1M KOH

(iif) OMPF-P 0.7M KOH

3000-3600 cm
OH group

Transmittance (%T)

(i) OMPF-P 0.5M KOH

(B)

3000-2800 cm™
CH Strecthing

1600-1300 cm'J/
aromatic c=c

(i OMPE-P

! 1 ! 1
4000 3500 3000

1 = 1 " 1 v I ' 1
2500 2000 1500 1000 500
Wavenumber (cm™)
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(iv) OMPF-P 1M Na,CO, (©

3000-2800 cm™’

4000-3600 ; CH Strecthing
- cm’

OH group

1600-1500 cm’™
aromatic c=c

1250-000 ¢!

(iii) OMPF-P 0.7M Na,CO, C-OH

_\\__,_..—-——W'—__

(i) OMPF-P 0.5M Na,CO,

T

(i) OMPF-P \f\/\f\
—F & — W\
' 1 L 1 ' 1 v 1 " 1 L 1 | 1
4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (cm™)
(iv) OMPF-P 1M KGO,

Transmittance (%T)

(D)

(i) OMPF-P 0.7M g CO;

|
/
\]) ‘ j %
(i) OMPF-F 0.5M  K.,CO, v

2000-3600 cm? 3000-2800 cm''
OH group CH Strecthing

Transmittance (%T)
5

1600-1500 cm" P
aromatic ¢=c 1250800 cm

(i) OMPF.P v
e e '""\-ﬂ-—""'_‘""v-—-._

L | T T y T ty T
4000 3500 3000 2500 2000 .
Wavenumber (em™')

T T

T T i T
1500 1000 S00

=1

5UN 4.11 n39 FT-IR vesmentrduneg(e) niunislalasmedamiudiseufizenvan

2UMNA200 ssrwalded van 12 Halua (A) NaOH, (B) KOH, (C) Na,CO; wag (D) K,COs4 e
WY 0.5, 0.7 hag 1M
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N3UT 4.12 wananw SEM idiudnenundumay (wa)finunszuiunistelasivesiadn
gaunll 200 s wa@eaduiian 12 Faludlaetdudissujizernsa HC, HNOs, H,SO, uaz

9 Y

HPO, Timaidudiu 0.5, 0.7 uag 1M 910307 (a0 wuilassadrsvesaonurdume (waduiin
msuani Tdnwarrgusy annsadanaiilasaiesiisaduazsosrovomtavadivniou
Ju uardsngaisuauiifisunsenau (Carbon Sphere) iAntuusnaMuinddnuneiunss
naslagvuinveadusinuguinanauarswguUsEIna 2Um denaviilvinansnsiianmduaniueud
Wty wazuenandasdiulddn armduduresnsaiifisdududmalilassaavemiineaduay

JUAUBINTATAIUANAILALT SN YT VIVTTUINTY

a

JUM 4.12 a1 SEM - ves aend1au(ne) intunszuiunstalasimesdanammall (200 a9

9 Y

waldea, 12 2l wagLANFIUAATEINTA (a) 0.5M HCL, (b) 0.7M HCL, () 1M HCL, (d) 0.5M
HNOs, (e) 0.7M HNOs, (f) 1M HNO3, (g) 0.5M H,SO4, (h) 0.7M H,SO,, () 1M H,SOq, (j) 0.5M
HsPOy, (k) 0.7M HsPQ,, (1) 1M H5PO,
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IN3UT 4.13 wananw SEM Tidiudnenundumay (wa)finunszuiunistelasivesiadn

gaunnil 200 asrwaduadunan 12 TaluslpeiAudussUfizeonua NaOH, KOH, Na,CO; uaz

9 Y

4

KoCO3 1AMLNTY 0.5, 0.7 Uag 1M 31n3UN (a-0) nudlasaasnavesnenUiaunag(nainnig

Y

' v
&l o =<

wandy Tanuwauzaasy amnsadunaiulassainweriaisaduazsosnorentagad Ndnauy
wardsingArsueuniizunsenay (Carbon Sphere) fiintuidndeoslaefidnuaeiilunsinay
YNAVDLAUNUALINA WAL NIUUSTI 2 UM waguenandazmiuladn anududuvesiuai

dinTutudmalilasiai e mingaduar s 0T TN Yad wNAIwaL AN WL TUTEUINTY

JUN 4.13 a1 SEM ves aanurduwmney (Wa)fiunszuiumslelasimesdangamgil (200 aeen

waldea, 1297139) wasLANALIIU AT LUE (a) 0.5M NaOH, (b) 0.7M NaOH, (c) 1M NaOH, (d)
0.5M KOH, () 0.7M KOH, (f) 1M KOH, (g) 0.5M Na,COs, (h) 0.7M Na,COs, (i) 1M Na,COs, ()
0.5M K,COs, (K) 0.7M K,COs, (1) 1M K,CO5
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4.3.2 wansyurunsaveuluetuvesnenaumaln Aty indusUisen (nsa-wua)

N3V 4.14 uay 4.15 wanslifiuinfndia broad band Tuts 3680-3000 cm ™ Faidu
yyfflaid -OH stretching Tunylonsendaniensuetia [58] fiafl 2925 cm ' wag 2850 cm’
Jumyjitandu C-H stretching Tuneaudnanlss w3e bicarbonate [59] finfl 1740 cm” 1Humy
fladduoaimesvesafivaglaavienfuedanvesdniunazisiiwaglaa lusasiiafl 1600 cm’
way 1512 cm Dungilandu aromatic -C=C- stretching 18u aromatic ring va3dniu findl
1460 cm’ 1umyileritu -CH,- bending fiAgas 1200-950 cm 1Humy -C-O [60] 9NHANST

a

& v e V1 = a A v aaa CY s
Ansenteiuannsaauled Wegamgiinaziaiildlunisiujisenlalaswedansueului

(%
=< 1

Fusndu myffladdu -OH  stretching  9zdiUTanaanas Lileannainansnguaniuivaglaa 3
Usgnavdne waglaa ieliwagloa uardniu asansiudogumgigeduuasnaiildlunisi
Ug‘jﬁ‘%mlﬂﬁ’fu

ponUNEINAE (19) eunszurunslelasmesiaunyhuiizenmsveuluwduionmgl
700°C furian 2 Halus meldannzormalulasiou (U7 4.14 waz 4.15) wansvyileddudou
Tugjely U‘%mmwyjﬁﬁ%’uﬁuammL‘flufiwmumﬂ silinanSausiladanunduansveuninty
wanFasiTignnszAusesswiitensa-luaudazlinuazusiazananduduazuansnsiiaiialu

= ¥ 1% U 1

USunauiunnsneiu aanunduines (19) Ngnnseiumgdnseuiseinsa-lua asiluTunavomy

Y 9

ilandu -OH Ndesniinislillagnnsedusieiisauiisense-lua
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3000-2800 Crmv

) / CH strecthing

3600 - 3000 crn

(Xil) 1M HaPO4

70
(x1) D.7M HzPO4 1600-1500"Crm

O-Hzroup aromatic C=C

(%) 0.5M HzPO4,

(IX) 1M Hz504

(Viil) 0.7M H2504

Transmittance (%T)

(Vi) 0.5Mm H2504

(Vi) 1w HNO:
{V) O7M HND3
(iv) D.5M HNOs
(i) 1m HCl

(11} 0.7M HCT
(i) 0.5MHCI

) 4
1200-900Cm
c-0

-

T

3000

L] ] i ]
4000 3500 2500 2000

Wavenumber (cm™)

'
=

UV

=
1500

]
1000

L]
500

4.14 uanansan FT-IR suaamaﬂma‘mwﬁ(m) U89n3A HCL, HNO3, H,SO,4 g HiPO, ey

dudu 0.5, 0.7 way 1M Tieudisenmsveulueduionmgl 700 ewwades Wuan 2

Flue nelaaniizenialulasiau

(xii) 1 K.Coy
% g p Bl 5
(i) 0.7M K,CO; o iy
(X) 0.5M K,CO4 T T YT e
w2 W Jl . e S ML B ——
i o Sl ———c.
e {X) 1M Na,co, % Ui, Ao |
o — < ]
o> |(viii) 0.7m Na,co; "
L Jwiiyosm na,co, \ ) &N
c ; 7 e
© [(vVI)m KoH W O ime
= e A AN,
£ (v)om @ VS, o 4
7} L P
% (iv) 0.5M KOH
ez —\__‘_‘—\—\_a_'_ -
= ((iii) m naoH o i =
(i) 0.7m MaoH B e
3000-2800 cm” =3
(1) 0.5M NaOH #"CH Strecthing ‘“*f”——\\_
3000-3600 cnt’ 1600-1500 cnt’ m
OH group aromatic c=c :l:-o y
¥ 1 1 1 1 1 ¥ 1 i 1
4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (cm™)

g‘dﬁ 4.15 wanensan FT-IR Guamaﬂmémww}’(m) Y89 ud NaOH, KOH, Na,CO5 ey K,CO4 i

AN 0.5, 0.7 wag IM Akuudsenansveuluiuiigamall 700 sariwaded WJuian 2

e Melaanzenialulasau
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IN3UT 4.16 2w SEM wansbiiiiudinenundunay (w)finunszurunisielasivesian

gaunnd 200 esrnwadeaiduiian 12 FaluauagiunszuIunmsasveulueiuioumgin 700

9 Y

serwaldeaiuna 2 alus neldanizussonnialulasiau IngsdudaLseuisensa HCL,
HNOs, H,50, 4@ HsPO, fimsdudu 0.5, 0.7 uag 1M mﬂgﬂﬁ (a-) nulaseassvesnan
UndunagroduAanswnduinuiuiuay fdnvurgesy aunsodunadiulasaiiswes
wiawaduarsesRoveHtadRIuIINTY uarUTngASuaUiiiisunsanau (Carbon Sphere)
fiantursnuiuinduuinun hilaeinuasdunsnalaerunnvesduiugudnanuass

WyuUszaad 2 Pm dwabiianuduasveuiiiiudy wazusnanaziiuladn anududuves
nsaiiuduliudmalilassaiavemtsgadiiassoudovaantiagasuandiiasianuwasyiusean

TuuarUsngasusuiiisunsinay (Carbon Sphere) 1MNAUANLGIE

JUN 4.16 a1 SEM vas aenUrduwmey ()unseuumslalasinesiananmgll (200 2

walded, 1293109 H1unseuIunsaivesuluguiguugiin (700°C, 2 Falue) wasliudanse
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UA381n57 (a) 0.5M HCL, (b) 0.7M HCL, (c) 1M HCL, (d) 0.5M HNOs, (€) 0.7M HNOs, (f) 1M
H,PO,

NN3UT 4.17 A SEM uandliifiuinmentrdumag(nainiunssuiunislelasinesiad
oaumgdl 200 ssmwaeaifuian 12 alus wazkunszuaumsaueulustuiigamaif 700
ssrmwailsadunan 2 il meldanngusssinialulnnau lnsiudassujieonua NaOH,
KOH, Na,COs uaz K,CO5 finududu 0.5, 0.7 waz 1M mﬂg‘dﬁ (a-l) nuIleseEseveInen
UrduRafinn1sunnsy Sanuaza3use ausadunnmulaseadaventiuyaduaz sourova Nt
WwadTidnaudy warUsIngasueuiifisunsinau (Carbon Sphere) fintuifudtuaumnlagd
Snvardidunsinaurunvesduinuguinaiouas ngulszan 2 Um wazuoninasiiuld
arududuresvafiiutududwmadelasiassweminsaduazsosrovosutaeg advaunndail

dnwagiuinianudursvszuazysingasveuiiijunssnau (Carbon  Sphere) 1T

ANUANPUANUINTUYDILUE
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Ul 4.17 2 SEM w83 mendhdsinegafinunszuiunislslasmesiaiionmgil (200 aam
walded, 12 alu9) m'mﬂizmum3ms‘uau1,uwa%’uﬁqmmﬁﬁ (700 psAwalded, 2 42lu9) uaz
WL eUfASewua (a) 0.5M NaOH, (b) 0.7M NaOH, (c) 1M NaOH, (d) 0.5M KOH, (e) 0.7M
KOH, (H 1M KOH, (g) 0.5M NayCOs, (h) 0.7M Na,COs, (i) 1M NayCOs, () 0.5M K,COs, (K) 0.7M
K,COs, (1) 1M K,CO5

A13N 4.1 WUNRY USUnsuasuingnguresnenUiaumey (W) inunssuiunisielasineda
(200 aeALwaLTed, 12 99L09) wastAudIsIUAseInIA-Luanuene1aiy (HCL, HNOs, H,SO,,
HsPO,, NaOH, KOH, NayCOs Uag K,CO5) 1 Tuas (M) uaihufasenansueuluedunioumad

700 asAwaea Wunan 2 $lus neldaniizanielulasiau

SgeT Pore Volume Pore diameter
Parameter M 3 4

(mg) (cmg ) (nm)

HCl 161 0.11 2.85
HNO; 27 0.05 7.68
H,SO4 185 0.12 2.49
HsPO4 31 0.05 6.91
NaOH phil 0.03 9.24
KOH ) 0.01 9.07
Na,COs 8 0.02 10.71
K,CO4 5 0.01 7.34

INATN9 4.1 WAAINUARY USUIRTWazIUINVRIFNIUVRInDNUIGLLNAY (9) N1
nszuunslelasineda (200 esreaided, 12 93109) uasiufasauisensa-Luanuansneiu

wavhufisenasveuluwduiaumngd 700 eswngadea WWunan 2 Flus angldanie

v aa

U5581MAkULASRN WU AonUENWAR (H9) TLANNTATaTISN (H,SO,) HAHuARNNNER (~

2 -1 ! i A Aa I Y aa o 1 aaa Y O v
185 m g ) A1NATITINNUIN ﬂWWUVlN'JGU@Q@@ﬂ‘U']aNLWﬂQ NLAURNILT Uﬂﬂiﬂqﬂ'ﬂﬂﬂi@uu NLLU'JIUN‘W

¥ ' '
T~ a

LAANUNRLANTY Wosan duseufizermnnsatiuasidnluvhareiussludivesnaniirauine

)]

luanan3eiuszdugedniglufaziinnisiidanieaasdd wiaiinnis polymerization

q

eXPe

¥
= o A &

ALY IAAAUTINATLAZ VLAY TNTUTINAY A SusuUugUnsInay (Carbon sphere)

Y

¥
=

= [ a o Y ' aaa A A ! Va1 Aa ) P
ll‘U‘lﬂ(ﬂLaﬂLLﬁ%iJ‘U']Ll’JUELI’mﬂ’JW]’JLiﬂﬂ{]ﬂi‘ﬂ?‘ﬁﬂﬂau ﬂﬂNﬁIMQJF"IWWHVIN’JQJ’]ﬂ“UH@ﬂLLﬂ@QiUE‘U‘V} 4.16

A SEM vasnenUndunag(e) NHunseuiunisansueuluedy
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4.4 M3fnwUszaninmvansgaduidauuiauuguasnanundunwag(ue)

mstadulowilunsueunduasiedild 0.1, 0.2 ua0.3 Ny W wauiuddauwNiauuai
=

a

fanududu 25 Tadnsudedns (ppm) wazihluvinnstuniumeaiiansiseu 1500 seufeuiiv
gaunnivies 1lunian 5, 10, 15 w1l 9ntiuriinisnses dulewiluaisueueen fensea¥nses

1 125 lalasiuns waidiasavateimiaelumuiamanududuiivieainnisgadunie

a a

wieTITTa alnlaslilediwes lagAuialaainanuuansiesenitanududuaisazaed

doulufiduugsuiuazgavine Wude Ysunamesddouwiiduugignaaduly a aunavesnisgn

U (e

N (CO_ e)
ST L

dio  Cp = mudnduisuduvesaisazaty (adnsusodns)

C, = anudntuiaunaveinisgaduresasavate @aaniusedng)

'
174

W = dntinveasuiududnld @adniu)
U = YSunsvesansazaneuiiauugld (adans)

4.4.1 navesUsIURINATY

1NJUN 4.18 Uag 4.19 wanwansididuleuiluasveudsum 0.1, 0.2 uwag 0.3 N3y

Weldaududuvesansazangluiiauug 25 fadn3u/ans Maad 5 Wil nulA1ANaInse

a a

Aaduwiduugiusinm 0.1 nfu Tulada 20-25  Wesidud NUSua 0.2 n3u lads 30-40

Y
Wesidud waru3una 0.3 nfu lads 60-80  wWasidud laensldunindagaduil 0.3 nsu

= OFLYJ U a

aunsagadufiauuglauniian nMsiiysiavewenliauwe) dnavilinisgaduuiauug

Y
WL Wesniunivesigaduiiinniu wazusiuniiansgaduiiau datunsiauTuu

Y

YaanonUauma)inavivliaunsagaduiiauuglaiiuglulunisnaassddussly Judenld

Umtindigadusinandmiuinnsfinwinaresnnududuuazig auany
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*® Add4dpen

0.5M HCI-0.1g
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1.0
= 05MH;S0q -0.1g (@)
¢ 0.5MH23804-0.2g

0sd & 05MH;S0a-03g
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0.6
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£ e 1H,S04-0.2g
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4.18 wansauleuluansuaun 0.1, 0.2 wag 0.3 NSU WNANAUASDULUNAUUANTAIUTUTU

Y
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= (.5M Na;CO3-0.1g
1.0H & 05M Na,COs-02g (@)
A 0.5M Na;CO3-0.3g
v 0.7M NazCOs 0.1g
0 |l| ¢ 07MNa2COs-02g
: < 0.7M Na»C03-0.3g
» 1M Na,CO3-0.1g A
- ® 1M Na; CO3-0.2g
go.s Ll 4 1M Na; C03-0.3g *
E
o
0.4 | =
¢
02} ’
00F =
I . I 3 I i I = 1 . I d I
000 005 010 015 020 025 0.30
amount of adsorbent (g)
0.5M K2CO3 0.1
10 LS (D)

0.5M K2C03-0.2g
0.5M Kz2C0Os-0.3g
0.7M K,COs -0.1g
0.7/M Kz2C03-0.3g

AGdpen

b3

1M K;CO3 0.1g

= ® 1M KzCOs-02g
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£
o

04} *

=
0.2
00 =

v 1 v | i | v | v |
000 005 010 015 020 025  0.30
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JUN 4.19 uanadulounluasueun 0.1, 0.2 uag 0.3 NI WnaNfvddouuiduugNiiauTuty
25 faan3uradng (ppm) wasiinsiiudnssliseinsa-Lluadasyinndanuuduneiulag
inluduniusieanuiiseu 1500 seuseunfingamnndvies lunal 5 uadl Taefl (A) NaOH, (B)

KOH, (@) NazCO3, ag (D) K2CO3,
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4.4.2 NaYRIRNUIUTUTUAUYDIANTAT AU TNAUUQUALNAYBINTALUA

1NFUN 4.20- 4.21 wanaduleuluaisueuit 0.3 nfu wwauivddoulufiauugilaiy

Y

aaa 1

Wty 50 wag 100 fadnsudedns (ppm) AHnsENALsURATeINIA-LuakAazyin Ty

Wudusnatusazinluduniumen1nusiseu 1500 seusauinaumnnived 1Wuan 10 wag 15

9 Y

a a o 1 a

a A a a I aa Y v
w7l 1l (A) nsnvilafias (B) wawdlamiag wuin Adanududu 50 fadnsuredns (ppm) 1an

=2

10 uaz 15 w1l nsa weanain (HsPO,) A waunsagaduladfgn deseana 45 - 50

q

v A =

Wesius, wa Tnuna@euesusiun (K,CO,) dannuaunsagadulafign Seussune 40 - 50

9

Woesidud Wesannsnsziunmaniiagyililandasudalalaunndnnizadldsngundouin

Y Y 9

gy mesopore Favilvanunsaiinn1sgadunIanIenIn LuU multilayer Feanansaiianisgady
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0.48 - :
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T 044 -
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F T
0.38 | T —a— HNO3
] & ~-a- H2804
%1 ~ v H3PO4
0'34 1 * 1 . 1 d 1 v 1 o 1
0.5 0.6 0.7 0.8 0.9 1.0

acids concentration in carbon process
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SUN 4.20 wansdulaunluaIsuaui 0.3 NSu UNENNUAGDULUNAUUATNIAULINTY 50 Tadnsy

Aadns (ppm) NENSHRILIIURASEINIA-LUasasstandaNuTTussiutazsi lUTunIue

AMUEITEU 1500 sousieuniifigamaiivios uian 10 urdl Tnedl (A) nsavlins1as (B) wawile

#199)

B0y (AR Y AW D a7 Sy
(A) S/ SO WA Y
0.~ -4 o D -
0.48 o
= _
2 048 -
E A
o 0444 ¥
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| + HNO3
0.40 - 4---H28504
s ¥ H3PO4
0.38 T T T T T T T T T T
0.5 0.6 07 0.8 0.9 1.0

acids concentration of carbon process
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0504 (B) -
] | EEEEERLH caizzizil _! ----------- ---------------- ‘
0.49 - . ‘
0.48 -
B 047
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é o
» 0.46 -
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- . m- NaOH
045 - -+ KOH
4 Na3CO3
0.44 - | ~-¥---K2C03
0434 *
o5 —We 9707 SWoP —Ree 1%

base concentration of carbon process
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Y

1Y
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Abstract

The utilization of biomass has recently gained great attention in recent years owing to growth of
global environmental concerns. The aim of this work is to study the morphology of carbon materials
derived from biomass oil palm empty fruit bunch (EFB) via hydrothermal carbonization (HTC) at
different temperatures (160 - 200 °C) and times (4 - 12 h) followed by carbonization at 300 - 900 °C
under nitrogen atmosphere for 2 h. The physiochemical properties of carbon sample were characterized
by scanning electron microscopy (SEM), Fourier transform infrared spectroscopy (FTIR), Raman
spectroscopy and surface area analysis. The results demonstrated that the increase of hydrothermal
temperature, hydrothermal time, and carbonization temperature resulted in the formation of carbon
materials with higher surface area, porosity and carbon content. Our results revealed that carbon derived
from EFB via HTC at optimal condition exhibited porous structure with high surface area, which can be
further applied for absorbent applications.

Keywords: Biomass, empty fruit bunch, hydrochar, hydrothermal carbonization

Introduction

Lignocellulosic biomass materials are derived from a variety of plants, agricultural crop residues
and animals, such as husk [1], wheat straw [2] and bagasse [3]. Moreover, they are renewable sources of
energy that can help in improving environment, economy and energy security [4]. Thailand is an
agricultural country that produces a large amount of biomass residues every day. Among several
agricultural products, oil palm is one of the major economic crops in Thailand. Empty fruit bunch (EFB)
is the major waste product in oil palm industry. Therefore, it would be worth if we can find the effective
strategy to increase the value of oil palm wastes by converting them to higher-value added product like
carbon materials.

Hydrothermal carbonization (HTC) is a thermochemical conversion process from biomass into
smokeless, high carbon content and more valuable products (i.e., solid fuel) [S]. The HTC is usually
performed at temperatures ranging from 180 - 280 °C and pressures higher than water saturation pressure
to against water into liquid state, under an inert atmosphere. Reaction time has been reported in a broad
range from 1 min to several hours [6]. Additives, such as acids or bases, can also affect the formation of
carbons, which are then physically or chemically activated to obtain carbons with high porous structure
[71.

In this work, EFB was employed as a precursor in the synthesis of carbon materials via HTC
process. The temperature and time used in hydrothermal reaction were varied in the range of 160 - 180 °C
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and 4 - 12 h, respectively. The best hydrothermally treated samples were selected for subsequent
carbonization at 300 - 900 °C for 2 under nitrogen atmosphere. The effects of hydrothermal and
carbonization conditions on the properties of carbons synthesized were characterized by several
techniques, including scanning electron microscopy (SEM), Fourier transform infrared spectroscopy
(FTIR), X-ray diffraction (XRD), Raman spectroscopy and surface area analysis.

Materials and methods

Preparation of carbon materials from EFBs via HTC

EFBs were obtained from the Krabi province of the Southern Thailand. Prior to use, EFBs were
dried at 90 °C overnight and then reduced their size by using a blender machine, followed by sieving with
a 700 pm mesh. 10 g of grinded EFBs was mixed with 100 mL of DI water and transferred into a Teflon-
lined stainless-steel reactor. The hydrothermal reaction was performed at different temperatures (i.e., 160,
180, and 200 °C) and times (i.e., 4, 8, and 12 h). Subsequently, the resultant hydrochars were quenched in
water and dried at 90 °C overnight. The experimental conditions and the respective samples prepared are
shown in Table 1. The best hydrochar sample obtained from hydrothermal process was selected and
carbonized at 300 - 900 °C for 2 h under N, flow. Figure 1 displays a scheme of the synthesis procedure
of carbon materials derived from EFBs via HTC.

v

Hydrothermal carbonization (HTC)

-Hydrothermal temperature: 160, 180, 200 °C

3 -Hydrothermal time: 4, 8, 12 h

Empty fruit bunches Grinded ~Carbonization: 300, 500, 700, 900 °C for 2h Carbon materials
empty fruit bunches

Figure 1 Scheme showing the synthesis procedure of carbon materials derived from EFBs via HTC.

Table 1 Experimental conditions for hydrothermal process.

Condition Temperature (°C) Time (h)
1 160 +
2 160 8
3 160 12
4 180 4
3 180 8
6 180 12
7 200 4
8 200 8
9 200 12
Characterization

The proximate and ultimate analyses were carried out to evaluate the chemical and elemental
compositions of EFBs according to the standard method [8]. SEM images were taken on a Zeiss EVO 50
microscope operated at an accelerating voltage of 10 kV. The presence of functional group on carbon
samples were confirmed with a Thermo Scientific Nicolet 6700 FTIR spectrometer. N, adsorption-
desorption isotherms were measured on a 3Flex Micromeritics surface analyzer at liquid N, temperature
(—196 °C) to investigate specific surface area, pore volume and pore size distribution of the catalysts.

2 Walailak J Sci & Tech 2016; 13(xx)
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Prior to the measurement, all samples were degassed at 150 °C for 6 h under vacuum. The specific
surface areca was determined by the Brunauer-Emmett-Teller (BET) method at relative pressures (p/po)
between 0.05 and 0.30. The pore volume and pore size distribution were determined by the Barrett-
Joyner-Halenda (BJH) method. XRD patterns were recorded on a Philips X’Pert PRO MPD
diffractometer operated at 40 kV and 30 mA with monochromatic Cu Ka radiation (A = 0.154 nm).
Raman spectra were recorded on a Thermo Scientific DXR SmartRaman spectrometer with a laser-
excitation wavelength of 532.1 nm.

Results and discussion

The results of proximate and ultimate analyses of EFB are shown in Table 1. It was found that as-
received EFB was mainly composed of moisture of 63.49 + 0.53 wt% and volatile of 32.56 + 0.24 wt% as
two major components, while fixed carbon and volatile were found to be only 2.96 + 0.08 and 1.00 + 0.04
wt%, respectively. In case of EFBs after drying, C, H, N and O obtained from elemental analysis were
43.78 £0.05, 6.06 = 2.02, 0.56 = 0.01 and 49.67 + 0.04 wt%, respectively.

The SEM images of EFB and hydrochars are shown in Figure 2. It was clearly observed the
significant difference in morphology of hydrochars hydrothermally treated at different temperatures and
times. Hydrochars derived from hydrothermal process at 160, 180 and 200 °C showed rougher surfaces
with more rupturing structure as compared to EFB, which suggests the decomposition of the
lignocellulosic structure of EFB [9,10].

Figure 2 (a) SEM images (500x) of EFB. SEM images (1000x) of EFB hydrothermally treated at
different conditions: (b) 160 °C for 4 h, (c) 160 °C for 8 h, (d) 160 °C for 12 h, (e) 180 °C for 4 h, (f) 180
°C for 8 h, (g) 180 °C for 12 h, (h) 200 °C for 4 h, (i) 200 °C for 8 h and (j) 200 °C for 12 h.
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To identify the presence of functional groups, the FTIR spectra of EFB and hydrochars after
hydrothermal at 200 °C for 4, 8 and 12 h were collected and are shown in Figure 3. A broad absorption
band at 3000 - 3600 cm™ and a small sharp peak at 2850 - 2950 cm™ are attributed to stretching vibration
of OH (hydroxyl) and C—H stretching vibration, respectively. The absorption bands at 1620 and 1720 cm
are attributed to C=0 and C=C functional groups in aromatic structure, respectively. The bands in the
range of 1250 - 1350 cm™ suggests the presence of C—O and OH bending vibrations. In addition, the
emergence of bands at between 950 and 1000 cm™ is assigned to C—H vibration in aromatic structure [11-
14]. As the hydrothermal time increased, the peak of C—H stretching vibration and C—H vibration in
aromatic structure decreased progressively, whereas other absorption peaks were almost unchanged.
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—— dried EFB
——200°C, 4h
—200°C,8h
—200°C,12h
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Figure 3 FTIR spectra of: (a) EFB and hydrochars derived from hydrothermal process at 200 °C for 4, 8
and 12 h.
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Figure 4 FTIR spectra of hydrochars derived from hydrothermal process at 200 °C for 12 h after
carbonization at 300, 500, 700 and 900 °C for 2 h.
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The hydrochar obtained from hydrothermal process at 200 °C for 12 h was selected for further
carbonization process owing to its most rough and rupturing surface. Figure 4 present the FTIR spectra of
hydrochars after carbonization at different temperatures. As can be seen, all absorption bands decreased
significantly with increasing temperature. The FTIR spectra became featureless at carbonization
temperature of 700 °C. The disappearance of absorption bands at 1000 - 1600 cm™and 3000 - 3600 cm™
indicated that decarboxylation and dehydration occurred during carbonization, respectively [15].
According to the FTIR results, it allows us to conclude that carbonization at high temperatures under inert
atmosphere could lead to a strong reduction of the oxygen content through decomposition of functional
groups.

The XRD measurement was investigated to examine the phase structure of carbon materials
carbonized at different temperatures, as shown in Figure Sa. It should be noted that the sharp diffraction
peaks at 37.9° and 44.1° and a small peak at 64.5° were originated from an Al holder used in the
measurement, which is not related to the samples. The broad diffraction at 26 angle around 20 - 30° was
evidently noticed for all carbon samples, corresponding to the carbon. The broad characteristic feature
indicates the major presence of amorphous phase. As the carbonization temperature increased, the (002)
diffraction peak of carbon phase became narrower. In addition, a significant shift of the 002 peak from
21.1° to 24.4° was also observed. The dy, lattice spacing of carbons carbonized at 900 °C was estimated
to be about 0.364 nm, which was lower than that of ideal graphite (0.335 nm). The shift of the 002 peak to
higher 20 angle concomitant with its narrower feature are evidence that the carbon samples were more
graphitized and the size of crystalline graphite was larger at high carbonization temperatures.

To further evaluate more detailed information on the structure of carbons, Raman spectroscopic
analysis was carried out, as shown in Figure 5b. The Raman spectra of carbonized samples was
comprised of two pronounced peaks centered at 1360 and 1600 cm™, which are related with the D band
and G band, respectively. The D band is related to the breaking of symmetry caused by structural
disorders and defects, whereas the G band refers to the in-plane bond stretching motion of the pair of sp
carbon atoms [16,17]. These two characteristic peaks had low intensity with broad feature at
carbonization temperature of 300 - 700 °C, indicating an amorphous nature of carbons. Additionally, it
was evidently seen that the intensity of both D and G bands increased significantly at 900 °C. This result
confirmed that high carbonization temperature could lead to more graphitization of carbon samples,
which are in accordance with aforementioned XRD results.
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Figure 5 (a) XRD patterns and (b) Raman spectra of hydrochars carbonized at 300, 500, 700 and 900 for
2 h.
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Furthermore, surface area, pore volume, and pore diameter of hydrochars carbonized at different
temperatures were examined using N, adsorption-desorption isotherm. For the hydrochars carbonized at
300, 500 and 700 °C, their surface area were found to be very low about 3 m*/g. The low surface area of
carbonized hydrochars suggests that pore structure was not developed at low carbonization temperatures.
However, the surface area abruptly increased to 190 m*/g when carbonization was done at 900 °C,
confirming that high carbonization temperature of 900 °C is greatly required for the pore development.
The N, adsorption-desorption isotherms of hydrochar carbonized at 900 °C is displayed in Figure 6. It
exhibited type II isotherms with a hysteresis feature, indicating its hierarchical pore structure, including
micro-, meso and macropores. From the ¢-plot, the micropore and external (meso and macropores) surface
areas were estimated to be 141.4 and 48.3 m?/ g, respectively. This result indicates that the surface area of
such carbon sample is mainly contributed by micropores (74.6 %), while the meso and macropores are
minor contribution (35.4 %). The surface area, mean pore size and pore volume of all samples are
summarized in Table 2. Although surface area obtained in this study is still relatively low when
compared to other works, there are a plenty of room for further improvement by combination with
thermal and chemical activation method [18].
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Figure 6 N, adsorption-desorption isotherms of hydrochar carbonized at 900 °C.

Table 2 Experimental BET data of hydrochars carbonized at 300, 500, 700 and 900 °C.

Sample Surface area (m’/g) Mean pore size (nm) Pore volume (cm’/g)
EFB-300 33 10.2 0.006
EFB-500 3.0 11.9 0.006
EFB-700 2.6 27.6 0.007
EFB-900 189.7 31.7 0.039
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Conclusions

The reaction temperature and time in HTC process are the significant factors in controlling
physicochemical properties of carbon products. The FTIR spectra confirmed that the functional groups on
hydrochars decreased as the carbonization temperature increased. The disappearance of functional groups
in hydrochars was evidenced that both dehydration and decarboxylation occurred during carbonization.
The XRD and Raman spectroscopy data showed that carbons became more graphitized at high
carbonization temperature; however, they were mainly composed of amorphous phase. Among a series of
conditions investigated, we found that hydrothermal process at 200 °C for 12 h and further carbonization
at 900 °C for 2 h is an optimal condition to obtain hierarchically porous carbon with surface area as high
as 190 m*/g. We anticipate that carbon materials prepared from EFB via HTC at optimal HTC condition
can be further applied for absorbent applications.
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Abstract:

This application of biomass-derived energy is gaining in importance due to growing
environmental concerns. Oil male palm flowers were agricultural waste materials from palm
oil processing. This research was carried out in order to study the morphology of hydrochar
obtained via hydrothermal treatments of oil male palm flowers at 160-200°C for 4 -12 h,
followed by carbonization at the temperature range between 300 to 900 °C under a nitrogen
atmosphere for 2 hours. The samples have been characterized by scanning electron
microscopy, Fourier transform infrared spectroscopy, Raman spectroscopy and specific
surface area. The results indicated that the hydrochar from carbonization at these optimum
conditions; 900°C temperature and 2 hour time, prossesses a large apperent surface area (Sgpr
= 385 m?/g), total pore volume (0.46 cm’/g) with pore diameter of 3.75 nm. FT-IR results

indicate that all oil male palm flowers were converted to carbon.

1. Introduction

Lignocellulosic biomass materials are
derived from a variety of plants,
agricultural crop residues and animals,
such as coml, huskz, wheat straw’ , and
bagasse’. Moreover, it is enormous and
renewable energy source that can help to
reduce the greenhouse gas emission and
improving, economy and energy security’.
Thailand is an agricultural country that
produces a large amount of biomass
residues every day. Among several
agricultural products, oil palm one of the
major economic crops in Thailand. Oil
male palm flower (OMPF) is one of the
major waste products in oil palm industry.
However, no report is available concerning
the hydrochar derived oil male palm
flower by applying thermo-chemical
methods till now. Therefore, it would be
worth if we can find the effective strategy
to increase the value of oil palm wastes by
converting them to carbon materials.
Hydrothermal carbonization (HTC)
is a thermochemical conversion process

from biomass into smokeless, high carbon
content and more valuables products (i.e.,
solid fuel)®. The HTC usually performed at
temperatures ranging from 180-280°C and
pressures higher than water saturation
pressure to against water into liquid state,
under an inert atmosphere. Reaction time
has been reported in a broad range from 1
min to several hours’. Additives, such as
acids or bases, can be affect the carbon
formation, which is then physically or
chemically activated to obtain a porous
carbon  structure®.  Carbonization of
biomass has a number of advantages when
compared with common biological
treatment. It generally takes only hours,
instead of the days or months required for
biological processes, permitting more
compact reactor design’.

In this work, oil male palm flower was
employed as precursor in the synthesis of
carbon materials via HTC process. The
temperature and time used in hydrothermal
reaction were varied in the range of
reaction temperature form 160—180°C and
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reaction time 4-12h, respectively. The
effects of hydrothermal carbonization
parameters on the properties of carbons
synthesized  were characterized by
scanning electron microscopy (SEM),
Fourier transform infrared spectroscopy
(FTIR) and Raman spectroscopy.

2. Materials and Methods
Preparation of Sample

Oil male palm flowers (OMPF) was
obtained from Krabi province, South
Thailand, dried at 90°C for overnight and
reduce size by using blender then sieving
(size 700um), after sieving we’ll received
OMPF-P (Pigment) and OMPF-F (Fiber)
then 10 g of OMPF was mixed with 100
ml of DI water and transferred into Teflon
mold and stainless-steel reactor at different
reaction temperature (160-180°C) and
reaction (4-12h). Then, the hydrochar was
quenched via water and dried at 90°C for
overnight. Hydrochar sample was
carbonized at 300 - 900°C for 2h by N,
flow. For characterization compositions
of OMPF physical morphology and
surface functional group of hydrochar
were  characterized by  Scanning
Electron Microscope (SEM), Fourier
Transform  Infrared Spectroscopy
(FTIR) and Raman spectroscopy.

3. Results & Discussion

The hydrothermal carbonization
experiment were organized for investigate
separately the effect of  process
temperature and time. The experimental
conditions and the respective samples
prepared are shown in Table 1.

Tablel. Experimental conditions of
hydrothermal carbonization (HTC)

Condition Temperature(°C ) Time (h)
1 160 4
2 160 8
3 160 12
4 180 4
5 180 8
6 180 12
7 200 4
8 200 8
9 200 12

The SEM image of surface change among
hydrochars obtained at different time and
temperature, suggest the rupturing of the
lignocelluosic structure in hydrothermal
carbonization process'’. Hydrochars via
hydrothermal carbonization at 160°C,
180°C and 200°C in Figure 1 (b-j) and
Figure 2 (b-j) show that at high
temperature and time causing a rough and
rupturing on surface owing to mainly
degradation of the cellulose, hemicellulose
and lignin component during HTC'' when
compared with raw OMPF (fiber and
pigment) as observed in the SEM image.

To identify the presence of functional
groups, the FT-IR spectra of OMPF
(Pigment and Fiber) and hydrochars after
hydrothermal. HTC were collected as
shown in Figure 3(a), (b) and 4(a), (b),
respectively. As shown in Figure 3(a) and
(b), it can be observed broad absorption
band at 3000 and 3600 cm™ and a small
sharp peak at 2800-2950 cm’
corresponding to stretching vibration of
O-H (hydroxyl) and C-H stretching
vibrations, respectively. The absorption
bands at 1650 and 1720 cm™ are attributed
to C=0O and C=C functional groups
reflecting  their  aromatic  nature'’,
respectively. The bands in range of 1150-
1250 cm™ suggests the presence of C—O
and O-H bending vibrations. In addition,
the small emergence of bands at between
950-1000 cm” is assigned to C-H
vibration in aromatic structure'*'*'>1¢.
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Figure 1. Scanning Electron microscope
(SEM) of (a) (500x) OMPF-P untreated
HTC (b) (1000x) HTC at 160°C for 4h (c)
HTC at 160°C for 8h (d) HTC at 160°C for
12h (e) HTC at 180°C for 4h (f) HTC at
180°C for 8h (g) HTC at 180°C for 12h (h)
HTC at 200°C for 4h (1) HTC at 200°C for
8h (j) HTC at 200°C for 12h.

However, after calcination treatment the
absorption bands were disappeared and the
FTIR spectra became featureless as
depicted in Figure 4(a) and (b) The
absence of absorption bands at 1000—1600
cm™ and 3000-3600 cm™ suggests that
dehydration and decarboxylation occurred
during carbonization'’. According to the
FTIR results, it indicates that carbonization
at high temperatures under inert
atmosphere could lead to strong reduction
of the oxygen content through
decomposition of functional groups.

Figure 2. Scanning Electron microscope
(SEM) of (a) (500x) OMPF-F untreated
HTC (b) (1000x) HTC at 160°C for 4h (c)
HTC at 160°C for 8h (d) HTC at 160°C for
12h (e) HTC at 180°C for 4h (f) HTC at
180°C for 8h (g) HTC at 180°C for 12h (h)
HTC at 200°C for 4h (i) HTC at 200°C for
8h (j) HTC at 200°C for 12h.

Furthermore, to evaluate the aromatic
structures in hydrochar products, Raman
spectroscopy analysis was performed, as
shown in Figure 5(a) and (b). The Raman
spectra of carbonized samples had two
broad overlapping bands about 1350 cm™
(D peak) and 1600 cm™ (G peak), which
are related to benzene or condensed
benzene rings of amorphous carbons'*".
This result indicates the existence of small
aromatic structure which consistent with
the above mentioned FTIR results.
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Figure 3. FTIR spectra of OMPF (Pigment and Fiber) hydrochars synthesized from HTC
process (Ia) OMPF-P, (IIa)OMPF-P HTC at 200°C for 4 h, (Illa) OMPF HTC at 200°C for 8
h, (IVa) OMPF-P HTC at 200°C for 12 h,(Ib) OMPEF-F, (Ilb) OMPF-F HTC at 200°C for 4 h,
(IlTb) OMPF-F HTC at 200°C for 8 h, (IVb) OMPF-F HTC at 200°C for 12 h.
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Figure 4. FTIR spectra of OMPF (Pigment and Fiber) (Ia) OMPF-P carbonization at 300°C,
(ITa) OMPF-P carbonization at 500°C, (Illa) OMPF-P carbonization at 700°C, and (IVa)
OMPF- carbonization at 900°C, (Ib) OMPF-F carbonization at 300°C, (Ilb) OMPF-F
carbonization at 500°C, (Illb) OMPF-F carbonization at 700°C, and (IVb) OMPF-F
carbonization at 900°C.
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Figure 5. Raman spectra of OMPF (Pigment and Fiber) (Ia) OMPF-P 300°C, (Ila) OMPF-P
500°C, (1lla) OMPF-P 700°C, and (IVa) OMPF-P 900°C, (Ib) OMPE-F 300°C (IIb) OMPF-F
500°C, (Illb) OMPF-F 700°C, and (IVb) OMPEF-F 900°C.

4. Conclusion

HTC of OMPF was performed by varying
process residence time (4-12h) and
temperature (160-200°C). The reaction
temperature and time in HTC process play
the significant roles in controlling the
properties of hydrochar products. Among
several condition investigated, we found
that the hydrochar product prepared from
hydrothermal process at 200 °C for 12 h
and further carbonization at 900°C for 2 h
had signification of the highest porosity
and surface area. The functional group of
hydrochars decreased as the temperature
and time increased. The disappearance of
functional groups in hydrochars suggests
that both dehydration and decarboxylation
occurred  during the  hydrothermal
carbonization. =~ We  conclude  that
hydrochars were successfully derived from
oil male palm flower (pigment and fiber)
via HTC process, which can be further
applied for absorbent, energy storage
application or energy source in an
environmentally friendly.
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Abstract

Lignocellulosic biomass has great potential as an energy source or feedstock
for further conversion. Empty fruit bunches (EFBs) were agricultural waste
materials from palm oil production. In this research, we aim to study the
morphology of hydrochars derived from EFBs via hydrothermal treatments
with phosphoric acid (H;PO4) and sodium hydroxide (NaOH) activation at
different concentrations (i.e., 0.5, 0.7 and 1 M) at 200 °C for 12 h, followed by
carbonization at 700 °C under nitrogen atmosphere for 2 h. The samples
were characterized by scanning electron microscopy (SEM), Fourier
transform infrared spectroscopy (FTIR), Raman spectroscopy and specific
surface analysis. After carbonization, the hydrochar activated by 1.0 M
H;PO, possessed the highest surface area of 590 m’/g with the dominance of
micropores. Hydrothermal carbonization with acid-base activation showed
an effective method in preparing high porous activated carbon from EFB.

Keywords: Hydrothermal carbonization, Empty fruit bunch, Hydrochar,
Acid/Base Activation.
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Introduction

Thailand is the agricultural country where there are a lot of agricultural
crops, such as sugarcane, cassava, rice hush and palm oil. Palm oil is known as
major economic crops. Empty fruit brunch (EFB) is the agricultural residue and
available in abundance and no economical value from palm oil industries [1].
Hydrothermal carbonization (HTC) is a thermochemical process to convert
biomass into a coal-like material with higher carbon content at temperature
between 180 °C and 250 °C in a pressure vessel for several hours. The products
obtained from HTC are composed of solid hydrochar, a water-soluble and a gas
consisting of carbon dioxide [2-4].

Activated carbon is a common term used to describe carbon-based
materials that have developed high surface area with an internal porous structure
and have a wide spectrum of oxygenated functional groups [5]. Activated carbon
is widely used for many applications, such as separation of gases, recovery of
solvents and adsorbents in various industrial sectors. In general, the activated
carbons are prepared either by physical or chemical activation (or both). For
physical activation, the raw material is carbonized (carbonization step) and the
prepared char subsequently reacted with steam or CO, (activation step) [6-8]. In
contrast, chemical activation can complete in a single step by carrying out thermal
decomposition of raw material mixed with chemical reagents, such as H3;PO,,
KOH, NaOH, and Na,COs [9]. Among several acid reagents, activation by H3PO,
can be achieved at lower temperatures with higher yield. In addition, most of
H3;POy4 can be recovered after the process is finished [10]. For base reagents,
NaOH activation has several advantages over other base reagents, such as (i)
lower dosage, (i1) cheaper, (ii1) more environmentally friendly, and (iv) less
corrosive [11]. Therefore, H;PO4 and NaOH were herein chosen as acid and base
reagent for chemical activation.

In this work, EFB was employed as a precursor in the synthesis of carbon
materials via HTC process with H3PO4 and NaOH activation. The temperature,
time, and concentration of acid—base used in hydrothermal reaction were in the
range of 0.5-1.0 M at 200 °C and 12 h, respectively. The subsequent
carbonization of hydrochars was carried out at 700 °C for 2 h under nitrogen
atmosphere. The effects of concentration acid—base hydrothermal and
carbonization conditions on the properties of carbons synthesized were
characterized by several techniques, including scanning electron microscopy
(SEM), Fourier transform infrared spectroscopy (FTIR), Raman spectroscopy and
surface area analysis.

Materials and Methods

Preparation of carbon materials from EFBs via HTC
EFBs were obtained from the Krabi province of the Southern Thailand.
EFBs were dried at 90 °C overnight and then reduced their size using a blender
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machine, followed by sieving with a 700 um mesh. 10 g of grinded EFBs was
mixed with 100 mL of DI water and transferred into a Teflon-lined stainless-steel
reactor. The hydrothermal reaction was performed at temperatures of 200 °C for 2
h under acid and base conditions (0.5-1.0 M concentration of H;PO, and NaOH).
The resultant hydrochars were quenched in water and dried at 90 °C overnight.

The experimental conditions and the respective samples prepared are shown in
Table 1.

Table 1 Experimental conditions for hydrothermal process.

Condition Temperature (°C) Time (h)
0.5 M H;PO, 200 12
0.7 M H;PO, 200 12
1.0 M H;PO, 200 12
0.5 M NaOH 200 12
0.7 M NaOH 200 12
1.0 M NaOH 200 12
Characterization

The proximate and ultimate analyses were carried out to evaluate the
chemical and elemental compositions of EFBs according to the standard method
[12]. SEM images were taken on a Zeiss EVO 50 microscope operated at an
accelerating voltage of 10 kV. The presence of functional group on samples was
confirmed with a Thermo Scientific Nicolet 6700 FTIR spectrometer. N,
adsorption—desorption isotherms were measured on a 3Flex Micromeritics surface
analyzer at liquid N, temperature (—196 °C) to investigate textural structure,
including specific surface area, pore volume and pore size distribution. Prior to
the measurement, all samples were degassed at 150 °C for 6 h under vacuum. The
specific surface area was determined by the Brunauer—Emmett-Teller (BET)
method at relative pressures (p/po) between 0.05 and 0.30. The pore volume and
pore size distribution were determined by the Barrett—Joyner—Halenda (BJH)
method. Raman spectra were recorded on a Thermo Scientific DXR SmartRaman
spectrometer with a laser-excitation wavelength of 532.1 nm.

Results and discussion

The results of proximate and ultimate analyses of EFB showed that as-
received EFB was mainly composed of moisture of 63.49 + 0.53 wt% and volatile
of 32.56 = 0.24 wt% as two major components, while fixed carbon and volatile
were found to be only 2.96 + 0.08 wt% and 1.00 + 0.04 wt%, respectively. In case
of EFBs after drying, C, H, N and O obtained from elemental analysis were 43.78
+ 0.05 wt%, 6.06 £ 2.02 wt%, 0.56 = 0.01 wt% and 49.67 + 0.04 wt%,
respectively.
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The SEM images of EFB and hydrochars after carbonization are displayed
in Figure 2. Based on the results obtained in the previous report by Yu et al, the
percentage of fixed carbon content was decreased when the carbonization
temperature increased to 800-900 °C [13]. Therefore, carbonization was
performed at 700 °C for 2 h in this work. From the SEM images, it was clearly
observed a significant difference in morphology of hydrochars hydrothermally
treated at different H;PO4 and NaOH concentrations. A major change was
observed at the surface of the hydrochars particles activated by H3;PO,4, where
sphere-like microparticles adhered to the surface of hydrochar in Figure 2c—2e.
This feature suggests the decomposition of the lignocellulosic structure of EFB
[14]. Figure 2f—2h show that the macrocellular morphology of base hydrochars
remain unchanged with appearance of smooth and large pores on the surface.

Figure 2 (a) SEM images at a magnification of 500x of EFB. (b) SEM images
(1000x) of EFB via carbonization. SEM images at a magnification of 1000x of
EFB hydrothermally treated at different acid and base concentrations after
carbonization: (c) 0.5 M H3PO,, (d) 0.7 M H3POy, (e) 1.0 M H3POy, (f) 0.5 M
NaOH, (g) 0.7 M NaOH and (h) 1.0 M NaOH.

To investigate the presence of functional groups, the FTIR spectra of EFB
and hydrochars after hydrothermal treatment at different acid and base
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concentrations were collected and are shown in Figure 3a and 3b. A weak and
broad band at 3000-3600 c¢cm ' are visible for both acid and base conditions,
confirming the presence of hydroxyl groups. The weak broad peak around 2000—
2400 cm™ in acidic condition can be attributed to the carbon—oxygen and ketene
groups. The band near 1615-1700 cm ' corresponds to carbonyl stretching C=0
for acetyl groups in hemicellulose and carbonyl aldehyde in lignin [15,16]. The
band at 1170-1300 cm ' can be assigned to C=O stretching of the carboxylic
groups in hemicellulose [17]. The emergence of bands at between 950 and 1000

cm ' in acidic condition is associated with the C—H vibration in aromatic group in
lignin [18-20].
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Figure 3 FTIR spectra of EFB and hydrochars hydrothermally treated at 200 °C
for 12 h with: (a) H3PO,4 and (b) NaOH activations.

Figure 4a and b present the FTIR spectra of hydrochars after carbonization
at different concentrations of acid and base. Compared to those before
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carbonization due to evaporation and decomposition of function groups into
volatile products at high temperature [21,22]. This also proves that the activation
process have taken place successfully [23].
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Figure 4 FTIR spectra of carbonized hydrochars with (a) H;PO4 and (b) NaOH
activations.

To further evaluate more detailed information on the structure of carbons,
Raman spectroscopic analysis was carried out, as shown in Figure 5a and 5b. The
Raman spectra of carbonized samples were comprised of two pronounced peaks
centered at 1360 and 1600 cm ™', which are related with the D band and G band,
respectively. The D band is related to the breaking of symmetry caused by
structural disorders and defects, whereas the G band refers to the in-plane bond
stretching motion of the pair of sp® carbon atoms [24,25]. These two characteristic
peaks had low intensity with broad feature, indicating an amorphous nature of
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carbons. Additionally, it was seen that the intensity of both D and G bands
increased at higher H;PO4 and NaOH concentrations. This result confirmed that
activation by higher concentration of acid and base could lead to more
graphitization of carbon samples.
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Figure 5 Raman spectra of carbonized hydrochars with (a) H;PO4 and (b) NaOH
activations.

Furthermore, surface area, pore volume and pore diameter of carbonized
hydrochars were examined using N, adsorption—desorption isotherm. For the
samples activated with NaOH, their surface area was found to be very low about
1-4 m?*/g. Their low surface area indicates that pore structure was not developed.
However, when H3;PO, concentration increased to 1.0 M, the surface area of
activated sample immediately increased to 589 m?%g. This confirms that
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hydrothermal treatment with high H;PO4 concentration is greatly required for the
pore development of carbon samples. The N, adsorption—desorption isotherms of
hydrochars after carbonization are displayed in Figure 6. It exhibited type II or IV
isotherms with a hysteresis feature, indicating its hierarchical pore structure,
including of non-porous or meso and macropores materials. From the #plot of
carbon with H;POj, activation at 1.0 M, the micropore and external (meso and
macropores) surface areas were estimated to be 319.5 and 279.3 m%g,
respectively. This result indicates that its surface area is dominated by
microporous structure. Significant improvement of surface area at high H3;PO,
concentration can be explained that H3POy is assumed as a dehydration agent role
during activation. With a satisfactory high concentration, it can inhibit the
formation of tars and any other liquids, thus facilitating the pore development of
the samples. Moreover, the movement of volatiles through the pore channels will
not be hindered and volatiles will be released easily from the carbon surface
during activation. The surface area, mean pore size and pore volume of all
samples and some commercial activated carbons are summarized in Table 2.
Although surface area of porous carbons obtained in this study is still relatively
low when compared to most of commercially available activated carbons [27,28],
it shows the opportunity to further improve surface area of porous carbons
through the optimization of acid concentration, carbonization temperature and
hydrothermal conditions.
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254  Figure 6 (a) N, adsorption—desorption isotherms of hydrochar after carbonization
255  with (a) H3PO4 and (b) NaOH activations.

256

257 Table 2 Experimental BET data of hydrochars carbonized at 700 °C and
258  commercial activated carbons.

Sample Surface area (m’/g) Mean pore size (nm) Pore volume (cm’/g)
0.5 M H;PO, 27.5 18.0 0.077
0.7 M H;PO, 54.1 10.9 0.080
1.0 M H3;PO, 589.8 2.4 0.122
0.5 M NaOH 4.1 7.7 0.008
0.7 M NaOH 1.4 9.1 0.003
1.0 M NaOH 1.9 13.0 0.006
Fagron 514 - 0.990
Panreac 296 - 0.540
Kothmex AM-1131 1131 - 0.403
Challenge OAM-1001 1140 - 0.457
Zorflex FM-10 939 - 0.561
259
260 Conclusions
261
262 The concentration of acid and base in HTC process are the significant

263  factors in controlling physicochemical properties of carbon products. The FTIR
264  spectra confirmed that the functional groups on hydrochars were disappeared after
265  carbonization, indicating both dehydration and decarboxylation at high
266  temperature. The Raman spectroscopy data showed that carbons became more
267  graphitized at high concentration of acid and base; however, they were mainly
268 composed of amorphous phase. Among a series of conditions investigated, we
269  found that hydrothermal process of 1.0 M H3;PO4 at 200 °C for 12 h and further



270
271
272
273

274
275

276
277
278
279
280
281

282

283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
311
312
313

carbonization at 700 °C for 2 h is an optimal condition to obtain porous carbon
with high surface area of 590 m?*/g. We anticipate that porous carbon materials
prepared from EFB via HTC with H3PO, activation can potentially applied for
adsorbents for dye removal or related applications.
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