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Abstract

The major cause of rapid CO, emissions is a result from human activities (j.e.
burning of fossil fuels, transportation and air polluted from industrial process) leads to
the increasing of average global temperature at a faster rate. Several technologies such
as deforestation, carbon storage technology have developed to abate a carbon dioxide
from the atmosphere. Reducing CO, emissions is of great importance to the
community, carbon capture and storage (CCS) is the effective option for reducing these
harmful CO, emissions. Recently, development of activated carbons from waste and
biomass for carbon dioxide capture has been reported with high separation
performance and cost-effective solution. Thus, this study explores the activated
carbons prepared from cattail leaves (CL) and palm flower (PF). Based on the
optimization process, CL and PF were carbonized at 400-900°C for 2 h. and
hydrothermal-carbonization at 160-200°C for 8, 12 and 24 h. Then carbonized at 700°C
for 1 h. and the produced chars were activated with sodium hydroxide (NaOH),
potassium hydroxide (KOH), sodium carbonzate (Na,CO;) and potassium carbonzate
(K,COs). Activated carbons were treat with monoethanolamine (MEA). In order to

enhance CO, adsorption. Morphology, surface functional group, chemical component,

M



surface area, proe volume and crystal structure were characterized. Afterwards the CO,
adsorption capacity were determined by Thermogravimetric analyzer (TGA). From this
investigation, the prepared activated carbon will be an efficient adsorbent for the CO,

emission capture.

Keywords : adsorption process, activated carbons, nanoporous carbon, carbonization

and hydrothermal-carbonization
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JUM 2.1 nsvuumsiininedanin

2.2.3 ASSUIUNISNANIYTININ
(1) msdevaasluanizlioandiau (Anaerobic Digestion)
n1sdevaanvansounsoluaniglieandiauiunszuiunisildsuansdsunsoidunng

= 4:1 = =Y s ::E
Fanw Tuanigiikiiieandiau faaunisy (2.1)
BuVIdans + 9un3d = CHet+ COx+ NHs + Hot H,S (2.1)

(1.1) Ysafedimuiifialaguszanaeinngud

(1.1.1) aslulawsm afeilinuy 50% asuoulasenles 50%




gl

(1.1.2) Tshu \infedimu 70-719% misuaulassnlas 29-30%
(1.1.3) Tusiu \infinesiin 67-68% msusulpeenles 32-33%
(1.2) nszuaumsiinnistosaans
(1.2.1) AsguuMsAntasdatuaIsouvsd (Hydrolysis)
\Wunsdesansluanaiifivualvgliflvueiidnasiiewdsuluidunsnozdnsn na
Tnsilednuaziensuea iy Wsiu lusfu uazmilulewnsn Tnensifaturesufiseniaes
Jadevawetng axdueyfuansduniditaududuunuieden maudunsasg g

Tuwuaiseltlunisdevaany Wudy faunsi (2.2), (2.3), (2.4)

mslulewmse = UInna + weanosea (2.2)
sy = wmdlved + nseaziilu (2.3)
loifu = ndwasea + nsalusiy (2.4)

(1.2.2) NSWANNIATBIBENTOUNTE
nsnesdinuasfeasueulnennlefaIns IS AR INMININNIAYIETBUNTE
a9 i lalasiauuagnInesdRniiinainnisdsuneanegeduasasounss
(1.2.3) nsas1eiiwu (Methanogenesis)
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Asuaulnoanles fiaUASH (2.5)

CH.COOH (acetic) CH, + CO, [a &)

suilfisensantuingasvaulaeenleaiuieglalasiauluduinedinu faunisi

(2.6)
C02 b 4H2 CHq 4 ZHzo (26)

(2) NMSNATMUINEUALATN

Ugisennmsiiadmu wiseendu 3 UjAsen Ae




12

(2.1) msAalivuIINATEUIUNIS Decarboxylation UBInsABUNT 52148
$1e nsadunidsvmedreynviinazgndosaaaunsaesdfnudnddouluiinu i

AUMSh (2.7)

CH,COOH (acetic) = CHy + CO, (2.7)

1ot 1 luavesnsaezddnagla 1 luavesiiinu uwazarsvaulasenles 1 lua niseday

ganensansilednluunsaodinuaziinuuansalnsiledninuaunsodudanisyiie

vosBuvIdniinumiludda (Methanogenic) kay ilawumi (Fermentative Bacteria)
(2.2) msiAnilwuainarsveulaeenienuazlalasau n1siadivuain

asvanil uanesaunisn (2.8)
COZ + 4H2 - CHq_ -+ ZHQO (28)

= (=) & o A < =
(2.3) n1SfedvUIINEITUTENEUBUNIDTRABIIUY N5iiaTnuYes

Hw = = o € a :i' o o 1 1 ar d
FJULUVLLAAINANTOUNIUITUAYIDUY) BNAIDEI9 LU Methanol Asaun1sh (2.9)

4CH,0H = 3CH, + CO, + 2H,0 (2.9)
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gmuULaziiEnsaganausiduaranusaulafdney [7]
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\Hounads + O, — CO, + H,0 (2.12)
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CO+ HyO —» H:COs (2.13)
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2.4.1 NM3ANTIUAT8UN (Water scrubbing)
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2.4.2 nMIAgdudleasaratealiu (Amine Absorption Process)

Lﬂunwmumwﬁ’ﬂé’uﬁwm{‘uauiﬂaanl%ﬁﬁgﬂﬂmﬂ%asjwnﬁwmwlu
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2.4.3 nsuwenalgiialaank1u (Membrane Separation)
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2.4.4 n1sgadusievalelagldarunudud (Activated carbon)
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(2.) ﬂ’l‘i@m‘i'fUIﬂEJmiLﬂgauqquﬁ (Temperature swing absorption ; TSA)
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2.6 NFLUIUNIYALU (Adsorption process)
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2.6.2 MsgaguN1aALl (Chemical adsorption)
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nsgaduiivateviln Wy arsazaisuea@ey arsazaedifiou [19]

A15197 2.1 LLﬁﬂ-ﬂﬂ’ﬂlJLW]ﬂﬁﬁﬂiz%’j’ldﬂ’]i@ﬂ‘ﬁjﬂ'}ﬂﬂﬂElﬂ’]WLhﬂSWNLﬂﬁ

A3 n1sgAdUNNNIBATN mMsgadumM LAl
AANIEUYDINIYATU toendi 20 KJ/mol 20 KJ/mol
aquﬁﬁ'uﬁﬂmi@ﬂ%’u i 6N
ussapmsyrInalians WIIIUAR T WugsiAdl
nsARuNaUYBIUgATEN aundule runaulule
M3gAduuLAYUDIUTY nlavnyiia Wnalauasyuy
neanunefiuluilunssuIunIs TaiiAgatios et
EULLUU“?QJ‘:u‘UENﬂ’I‘SﬂWfo Monolayer wag Multilayer Monolayer

2.7 lolanaunisnadu

1
(=) s ] L

lelanaunisgaduiudayadunifdndiugrudmsunisussanmunnuauisaly

nssuuMsgadulagazamnInesueliimginssunisgadunasaunamussansawlunng

2/

agule n1sduunlelameaunisgaduinemiussuy (Intemational Union of Pure and

a0

]
=

Applied Chemistry; IUPAC Iaglalainanviiai 1 & 5 (Type | fia Type V) gndtuunlne

Wn3ne1m1ans S. Brunauer, L.S. Deming, W.S. Diming wag E. Teller w3a13un31 BDDT
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AsuAl A 1940 FenrsuusUssianleleimeunisaaduues BODT tadundnlunisuus
Usziamlelamaunisgaduues IUPAC uagtaqtulifinisiausdsziavlelamennisgaduiiiy
8n 1 Usziom devililelewmeunisgaduues IUPAC auysel Wlu 6 Uszan uanedesui 2.3.

[20]

] I II III
E
e
£
-
T | IV v 1%
=
o
2
-
Relative Pressure CmosEEiale

JUN 2.3 leluinaunisgadu

(ﬁm: Gas adsorption technology, Adsorption Equilibrium, 2016)

]
L |

JULUUT 1 (Type 1) ulelemendmiunisgaduiilunuutuiies (Monolayer

adsorption) #3ai3eniwvunaudes (Langmiur) Fefadndusuuuuiidefigaueanisgadu

o

lnwdnwurvesansgaduidvuiadnnit 2 nm (Microporous adsorbent) n1sgadudiulug

Id

sritunsgadulugnuruindn snvuslelamonazsBuldauds (Concave) munu P/P, ans

2
P | =i

prduiivunalugnivunadudiugudnasvesluanaigngaduliuin aisgaduiiiuiig

i
[

mMeuentios MetumsgatuIzgndiniliesnnliamnsadnludgnsusunadnle

‘EULLUUV; 2 (Type I) lelawnmougudaiea (Sigmoid n3e S-shape isotherm) 1y

s

- | a [~ Il o ﬂi!ci
sUuvudniveslelumeuiiinluarsgadunliigngu (Nonporous) n3efgaduiitisnyu

Yualvg) (Macroporous) tnglunuuiinziianmsgaduiisetissninnsiSeadaluanaiissdu
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a ' o= A & . = = v oA
e (Monolayer) amaaugifﬁﬂauwmmn’ﬂwmaﬂuu (Multilayer) USMRaUagulAImnse
99 B (Break through) azudansfismsgaduuuutuiieiuaisauysaantuiinudugedy

a R < i a a - [y
’{ISLﬂﬂﬂ'ﬁ@@]‘ﬂ‘u‘lﬂﬁlﬁ)LUEN%']Q‘U‘ULLiﬂG]EJIU LLa%%%Lﬂﬂﬂ’]iﬂﬂﬂULﬁ%ﬂﬁﬁl&ifﬂﬂﬂ’)’mﬂuaﬂﬂ?\ﬁ"’]

- & v da =t 1 ' ! as ar
JUkUUN 3 (Type Il WuguuuureInsgaguiiilssiegnotneousyniIneiigady

s a

wazgngAdu wAlsIRgAsEnIgnaadumeiulAsutiwn iliiianissam diuves

o s 1 EJ a 5 A o 1 d
Mgngadunauiinsgadutuusniziaiaauysal luuuud 2 ssdiusinsevisewirdluanadign

o

ARTUAURIENSAATULINNIIMUY 2 FadunswazlAsosn (Convex) 31nunu P/P, dadulele
a ) Y] a o v a1 o 1 v da & o < &
wanwuviliavlisgwuinnin iafunisgedunldudausalunsgaduitintuiuresuded

1l 5 e 1 1
lifigwgu (Nonporous solid) uwazvaudeiifignuswimanidudiulng

U Ll

s

sULuUil 4 (Type V) ulelaimenvssmsgaduiifignguiduunalngjniivuiages
urhuguinanwwedluanafigngedusinwuannluiagiifsnsudnlvaiduswsurmanans
Jufinmsisesiaeluanaiiinvesansgaduitiuaestu (Bilayer) anudurasnsifuiudn
ﬂ%ﬁtﬁammﬁ’mﬁﬁuLLam'lﬁLﬁuiwﬁqQn@m%’uﬁlmﬁuﬁulu swsudnads uaznisdsused

P as a :‘f’ =l & I - 5
Yo iaAuRuRLdudnilunauannsAIuLUL Aglugniuvevauds (Capillary

1
=t

g 2 o 1 - Y < a v
Condensation in Pores) laganwarvaaniiwludusnagmdeuduuuui 2 Jqaaoule
wudAntiangATUtuLsnag 1 auysel

JULULT 5 (Type V) 1 Hulolawmeuguuuuiivey faruadiofuiuy 3 iatudeuss

@ e

=t 1 ﬂl‘ = @ = £ %4 ﬂ! . Ad
m@mixmwimaqawgnﬂm UNURIYBNETIAATUNATUBY ‘UQ%3WUIUH?3@®%UWNTUWWEW‘§U

Tugadenulelewmaniuun 4 dmsulelawaunuui 3 waziuuil 5 LA NNUTRR e

v
= v e |

mmﬁmmn%’umiﬂm%’wﬁuw . %aﬂamﬁuunauﬁ%’uLLSﬂasLa%augiaﬁ

U

[

‘g‘lJLLU‘U‘ﬁI 6 (Type VI) ulelaweuuuudutule (Stepped isotherm) \usuuuud

Y

hjffiaawﬂmeﬁaumﬂﬁ]swu‘lu‘sswﬁlﬂummﬂﬁifmt.w{fuﬁia%’uuuﬁuﬁaﬁﬁauﬁwﬂﬁwﬁu

(Uniform)

=l e

wuudrassnsgaduinhunlddmiunsasidlelumeunseaduiivei (21)
P71 LLU%J‘if’laawaawquﬁ‘U (Freundlich model)

na1imsgadunisgaduasiinfuusiniuiawuuliadiaus (Heterogeneous)
wasulumsasieiusseuinaluanagngaduuaratsgaduluviiuluusazuiinu dems

aaduiinfuseninaluanaigngaduuazarsgadusziinujisenseiuetieliditn
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o dw o o a s o - d @
LLUU‘-U’]EENUL‘I/?E.I’]S?{’W‘EUGEU’]EJﬂ’]iﬂﬂ‘?]UV]’Nﬂ"lElﬂ?WE‘l'WlI'Tﬁﬂﬂqu’JCUﬂ’]‘U'ﬁJ’]mﬁWiVIQﬂﬂﬂ‘ﬁU

vuasgadulannaunisi (2.15)

&= = = KR, (2.15)

< | %

o v a vo & <
mndnaunsiviegluglidaduazlafsil aunisd (2.16)

i
logPeq (2.16)

X
L = log— = logK: + —
08Ce OEM o§ F+nF

P = = J o ot at as
e g. AL U'iiﬂm’ﬂ@@ﬁ']i%%ﬂ@ﬁ‘ﬁUﬂ?&lﬂTﬁﬂﬂ'ﬂUﬁuﬂ 103y

a -
X A 418v03a13 Adsorbate Vidgn1agauna (mg)

M o 1auas Adsorbent fianazeuna (g)

Ke A9 ﬁi’]mﬁ"uaawiuﬁmLLarﬂamma'umn'lums@msﬁumea’m”z}xu (cm?/g)
1/n¢ fD Fi'lmﬁimmwfl‘umm'mmﬂwﬁumaaa'ﬁﬁgnazaw

Peg FiD AINMUYBSENSYNAATY (Adsorbate) MidnTagauna (me/cm?)

2.7.2 WUUINADIVOINAIN2S (Langmuir model)

a

Wuwuudaeeiilddmiunsgaduwuutuiies (Monolayer adsorption) Tngauuidn

]
Qs s

Luanafigngaduiidnuiuiusuuaziiiumisiuiueuwsiasluanaveasgaduargady

luanaansgngadulatitsmilsanaviniulaslundasiumisazlidanuiouveanisgadu

whiu uwaziudipsfilaglidfiusanseissvinduanathafesaunsouansanuduiudaes

nspadulamuaunsi (2.17)

= KgP—— (2.17)




29

L v - £ 24 e CJ
mﬂﬂﬂauﬂﬁ‘lmag"l,ugﬂmLauaslmmaumim (2.18)

P 1 Pe
— o —— (2.18)
geq ba a

= (Y o o

< & = W
WD g A9 USHIUUBIEITVIQNARTUAILANIRATUNLN 1 NI
X fiD 11aU83A1s Adsorbate MianzaNna (mg)
= <
M P8 uaUed Adsorbent Nidn1zauqa (g)
= ' < = 9 ) 3
Ke fiD AnAsivesjufisuansadansnlunmsgaduLuumatedy (em®g)
< I P ot 240 2/ o
1/ne AB AIAIVIIZIUTHUAINAIIULTUYDIATNYNALAE
o as A
Peq AD AILAUYRBIANIONARATU (Adsorbate) ianTizauna (mg/cm®)

2.7.3 vgufnsaaduvas BET

Tul A./.1938 Brunauer, Emmett kaz Teller linnsuiuusannisuad Langmuir

Welveduismsgadunuunatedy lneiSonitaunisues BET lneavauuigiuitluanaingn

v

al o [1 & a P s o o ) 1 v &
padulutuusnaziluiuialunisinizvesssigngadulutuiaewazdude lUdmuluana

95

]
= s

Tutuiaesazinizeguuasngngadulilinuiivesnisgadu Junilousglunnsauiives

U

v
- B Y o

yoama uwnssnnluduusniluanaduiaiuiulivesasgadulagnse faaumsi (2.21)

- (2.21)

= = a s
e P Ap AIUAUTDINTINAYU

Py AD ANUALDNG

ot

W g ihniinvesansiigngadu
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‘; o A

& 2 & o
W, A9 Wminvesansiunauautumile
1 d
C fAn ANAIT)

ot 174 s < & & a s Ve
lngludagdumsldaunisnisgaduves BET iiemvuiaiiuiivesiigaduldsunis
o/ QIJ H‘j e 1 s o a I = ¥ Aa
poufun2ly lavaunts BET dualglafludasmaududuimsladiiu 0.2 msmivuiiia
aal I o & da o @ o oo v
(Surface area) 1ag5 BET Wumsinftunialasmsituinnisgaduresireiaislelemen

vesmsgaduielulasiay

28 msﬁmungw;umummgﬂu IUPAC (International Union of Pure

and Applied Chemistry)

anansndwungUNTURULInIgI IUPAC Teidu 3 Ysean leun [22]

2.8.1 gwsululas (Micropore)

g P Y ! P P 2 o
LUUEW?U“QJ"UUW@F‘WTNfn'NC‘NLLG] 0.1909 2 UWIULHm'ﬁ ﬂqNEW?ULLUUIQJIﬂiLUUQ']‘U'JU

8

$ 2 1 s Ia o d
:nn’l,uimqai'lwzaqwa’[maaﬁﬁuﬁmmwagauWﬂLLaxLummﬂmmmmwm"J"lwmgmu
a s 1 = ] & 1 Y] 1 I n:' a{' ai
guassnaniivwnnaniwwnvesiuananilibivnnindsaliluanasundnieaouinn

aglugnyuuasldannsosanlulalasazifinounsnsudenufeusaauinasinad (Van der

Qs

waals interaction) Faudulszlovtdwmiumshianiifignsusnalitesiduszendldlunisee

1 -

#u Tunuddsdwaunluefminddeyuiuluntsduasizviaggnuisivuelulasifundn

1 L]
WiesnnazanunsaiuivunRiuTanliunndula

2.8.2 gwsuily (Mesopore)

[
=l

o) = 2/ & i = =3 a
WUIWIUNLVUIAAMUAINAIA 2 D9 50 uﬂumm IQUEW‘EULMIEU“UU’W]LE%H%SiJﬂ’J'HJ

A L |

N119egN 2 89 10 ulwuns %ﬁﬂiﬂwﬂuﬁmmiﬁ’nLﬁUImaqaimmawwaemﬁaaﬁ%a

Tuana 1y Loulel Aouwe WWusu Jwsdnnuatnsalndidesiugngululas Mednvus

v o ] o (Y]

safindauvesgnsusladugnsunledadunfoudunlddutandmsunisesaouled Tu

5

= ;73

dqugniulyvuwinlugaziinnunieds 10 81 50 urlwans azfinisiluussyneld
dwmiumsgadusingg wu Fnuea agliunea Wudu
2.8.3 gwyuuualas (Macropore)

\Wugngunsiaanuninedsus 50 e 1000 wiluns vde 50 wiluwnstulu Taglunis

]
1 o o o

AWeluednfiduunldassiuidendmiunisduaseignquunalasuasilovuinlvg
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= ' a & da yw b kv il i =
Wiesnnldamnsaludiuiuniold sawiuisvedlianadulugininluanavesarsinuly
v 1 = 1 e ] @/ @ v o aw o
mlvegrannisdliiuuselonilunsussandlddmiunmsgadu ualulogiusuinuided
o L4 at s I .-_:’f o P o 1 = LL
WNedasiumsduassignguunalasvardlutagiosningnyudnaniussloniluns
ol v ' L aa =3 | P
imdoudnsluianamiegludegnguidvunadinndy guululasuazwly) Wowinawisaan

[

o a i | &
ANNAUMUAAAIINN TN UINUAAR Tl

2.9 Y7174

a adaa 1 :vllvy @/ (-]

TIa NUIBDS AN5UNIENLANNNNFTIN iy dulyd dou dudUends oruiuwnau

i
o

L7 1 L o ¢ o 1 o ad o s d:
'J‘Uﬁ'ﬂﬁl'm"] W%EBLLNH‘JS%Q?IH%LLB%JJUﬁ ) QNLﬂULLWﬁQWEN'?Uﬁi'iﬂJ‘U’W]Wﬁ']ﬂﬂiﬂU?iﬂWGl]U']LWE]
o a [ LY 12 I b

unwdalunasulususig e

¢ ol o
2.9.1 LUAIMNUIUDIYINIA

o 1 A = E 7
AU UNLABNLV9TNElA 2 A [23]
(1) 229d¥INNTUTENBUNITVIINIADAAIMNTIURAZAIALNYASNTTY
™~ o v v -4 v o -l v ¢ ol v v
919 FuossNlnanlssnuinia wnauilaanlseds leurdunlaainlssuaia
vuauau deiniwadildunannlsdalne Wudy %uﬁu%amaﬁ‘lﬁmﬂﬂmLU‘:gﬂﬁuﬁfm’N
NSRS
(2.) woudeInuUnEIyLTY

s £ o o

9% vuzyuTY Yadnd Wudu adltandusunisihluiudemaadama fie s1a0%ian

Y

nindeundsndydunn dunawwdneglulsema wasaaindaasliielfiinanneiseu

2/
v oW &

nsyan wafivneerna Snvisfaduunamdsnunaunuilidfunuadnde nmsldsslovd
Nnndseudanatiu aunsolildimdsmiugunssuiumsiléanuouuasnssuiuns
Fanm nslindanudunalaonszuaumsildaiuiou isesduldiluludnuuzeonis
thawlil ieflungalw eliAnaauieu dwiuihlulilunsdueims 1dudemas
uunsuamnszudliih Idudemaduihiuioudwiulssmuenamnssy fadlediousaa
serinefunuIndsudaimasinaiuiunudomanihiium wildegredniaui AU
vamdrudunagnniediann faldinsiitananag wldmaunudusiends
wasumuTeuiueduunIvaty uasdudunisatuayunisldiauiannisinenslulszine

= L o v & a = ' = o @@ £ @ v @ = W
weannunulumsindnvenimoadasieg Julu fsaimunisldndanuaniuaalid

]
=

Uszdvisnmgeanuaglitinsgadendsnulaeasslewilidosiian
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2.9.2 asAusznouTlUvesasTauna [24]

=i 3 =l = = 1 = ) & s | -l 1 o
A13UNIAUULNRINWRUYURA ‘NLLG]ﬁSﬁ‘UUﬁUUﬁﬁBQ AUsY ﬂ@ULLaxﬂ@ﬂ?UWLLWﬂWNﬂ‘Lﬂﬂ

FapsAUsznoUNAn TusivesmsIndiialaun waglaa  elwaglaa andu ulle way

s

Tshy  Tuiriue1vsiissrusenavvawtlaunn  weluvazNuadnionvazilosrnusznauass

Y
Yo
@

= = =l 2/ ad 1 s o & | s ' |
Tusfuain LUEJQ?]THQJIF\NHENV]’NLWNWLLG]ﬂG]’]\'iﬂ‘I.J mamﬂiznaummwuagﬂuLmaawmﬂuad

[

WASUTINIA FI99AUSENOUNANUDIEITTILIATAIT
(1) waglaa

waglad (Cellulose) Wuwadudnalsdvwinlng Uszneusisuinia fnglaa (Tuly

o e (=

wwaA1lsd) Juduiluaisendlagliffsdiuan v1ads 2,000-10,000 wihenglaa wizy

Lo VA7) |

=) < s ' s as L3 v = oa
nglpafmilouiunuaudasiiazduivdnelilagiuselaauviussinniudnlnala@inn

¢ - - v, = w ' i ' o o A
veus aneleaglaaluivineiiifutug diuselelasiou sewiamdenglaasineg fiegludud

a s [ =l

Aafu warsendtanudlengleaasieg luaiedeadusie Jansluanailu (CH,,06), 1y

J
ansUsvnevvasnslulamsainusnnlunisvadvesivuagnalimnadnlasanzdiugenty
wazidulofuuluionalst
(2) wilwaglaa
wilwaglaa (Hemicellulose) {upslulawmsauszinvnedudnailse Tuluanaves
weiliwaglaailu Heteropolysaccharide fusenaumetinanaiseiia fuinialelaa
Xylose) iTauseiuseiusyinalales (Glycosidic bond) idaumds dan (1-6) Huldndn

v

gnvihimauiulug (Mannose) nudniva (Galactose) wionglaa (Glucose) underiuifuld

nanmewariiiniavinduuisenuiduldaren wiolguaus lawn viniasgsiolua
(Arabinose) n3angAlsiln (Glucuronic acid) teilwaglaa daiduidulueims Aldavaisin
ldannsadeslimeiouledlussuunmafiuemisvewywivazdninsziniziaed awnse

@

arangldluansazateAinies audinineniwididgde dariuawisalunisguid

(Water holding capacity) Waguanildguleasuuszquan (Cation exchange) \Weaglu
o g L3 a & ¢ (Y] (3 A o ' a

nsziwzamswavaldvesywdisliwaglaaiuesdusznevlunuvadvosiivfiogsiuiv

waglaanusnluinuaznaly
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(3.) A@ntiu

=

= . . dd s v A H‘ 2/ 2/ 1 ﬂ!
andlu (Lignin) WWuansieiindarududeuldunigadlianlduazifudiunieves
niseadvesivaglutosivluntaeaduasseninesiusenouaglaa edwagladuazin

ARU Lf}umiﬂisﬂauwaﬁmaﬂﬂﬁgﬂmﬁnasmxﬁuagﬂu%’uwwjmﬁﬂa (Middle lamella)

=

= o Y A e v Y v w a ) v & a
Favimthi Sanziduledmefusasiivnsdiunanagludulede Tnssadeaiugiuvesdni
= aa a =a =)
ufa Phenylpropane #3aa15Usznou Hydrocarbon il Carbon 9 azmey anduidunialu
(3 d v nl ﬂl' i = - o = et
aAUTENaUNdRuaaetNgnuDIiaianaudy Jadleaaamaznatoludsa

) wis

< a ¢ a ° as (Y] [ I )
unefiuwamlsaiiinnnnglaadiuauvateiuluanauiseny flasw@daduiuuy

megnuazisiua Wantgnanufousynanaduifindeiu Tassassusznausuasly
voenglaanadiues 2 vliafie Wuszlnalradfinuaa 1- 4 frsansueilaa wulssunuion
ae 20 wazaglglndurnnlsdueilamnfiufinefusnawuseinaladnnaan 1 89 6 Ainuld
Uszanmdagar 85 wililunluiwusunywanuasi

5.) Tusdau

L3

Wuarsusenaudunid duduwedluasaisenveinsaogilu (Amino acid) ‘lJ’]'Vi‘LJﬂ"Uﬂd

luanalusiuiidosann avgndauamziluadlslulauddmheidinigaveddsiufe nsnos
flu lngnsmezdlunasluanaunseweiuseniniussuldlng WeianisiSeesnuazidu
Tsiu dwlunseddavuinslusfiutuiduansormsiilindenu Taglusiiu 1 n¥uagls

WA 4 upae3 Wshuusznaulumiesneeg Amsuau 50% sandiau 20% lulnalnsiau

[

6% wagnugiuagantes lUshuluwrazatinazlvuselovununnaienu

Y

(6.) msau‘] (@138uySduazaIsatunse)

= e

Uinnesansduniduareiuvigdldununevaisvinlaevztued fveiavoasda

17a tawarsdunIdiunuludadladie Sunindnegrmilanasdiluana Wuarsnasdidia

annsathluldlunszuiunisinssdin astiluanadmiiuanasiunudnvazlasiaie §

I @

UNUIEIAYADANTInTasBunIganunsaduunlanaiife arsueu lalasiau lulnsiau
aondwu ansiulawnse tusi TUsA nsetndaantazinniiu Wusu duasetdunsdduansn
annsanulalaginlumusssusnd e u‘]LLauLLiS’]ﬂ Faurazaiinaydl InaUseleniiiuanmng

fusanlu
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2.9.3 94AUSLNIUVR9TINNA
ansoutsaantdu 3 dundn A [25]
& . P a
(1.) AU (Moisture) vanefs dniiazauegluduna
2) drununlunidla (Combustibles substance) Tm28duU 2 d14 Ao
. g

a155eme (Volatiles matter) wagA$uauAsh (Fixed carbon)

(3.) d@unldleninniswnlvgl vse 361 (Ash)

’o‘ o =i| 4 -:l a =1 = g s ql 5 = 4&)
dminimeluilefioumgll 105-110 asrnaal@vanadminiviglutufeaiuiu
¥ & P a o -, -4 w o = & o o -
N ldeninvuglnngumgligs yiminfianaslufoaisssive Weindsdunimaegn
o 1 c:l =Y ay 1 A ey L3 -:‘ 1 A 1 =
nrdengamgiadluaninde duiwlndfemsusuasivardruiimnlmilivunie
) = | a a 2 ¢ W = | p=i o & v a
i1 minFrunaunavedainiswlvlauysaluazdviunavesdruiwnludlawazdidn

waneeiy PUuegivrinuestiuig

(@) wasildandasna [26]

o
o e

1] =9 §73 s A 1 @t Eaf, 1 e/ s ] =
Tunaudarvdavlandsnuiiuandaiy Juedivdndrunazesnusznavvesiiana snvad
- Y & da a @ v v w Y oo v ) -
Jueagivamuiunilogluinuas lnendwnuanusauntaanmsunlnl deaneiu 2 fe

(4.1) AIMANIUAIINITBUR (Low heating value)

| W e & 7 1 a I A v a
Amdsnuilalagauanuduainnissemeeanluualunieilagadenlaniuduna

(KJ/Kg) wianilauaaaineflansudinig (Kcal/ke) dallummassuilaannmiswnlvdiiuiase
(4.2) AmasauAuTouge (High heating value , HHV)
WAt nddsnaniue ey K/Ke e Keal/Kg
AN3197 2.2 AENYTYRITIIAUTEAANUarATNE 1AM auT LA nTna
Fwna Moisture Ash Volatile Fixed Carbon HHV LHV
(%) (%) Matter (%) (%) (kJ/kg) (kJ/kg)
wnau 12 12.65 56.46 18.88 14,755 13,517
UKLy 10 10.36 60.70 18.90 13,650 12,330
MUDRY 50.73 1.43 41.98 5.86 9,243 7,368
Tudoy 9.20 6.10 67.80 16.90 1,6794 15479
Tsfonawisn a5 1.59 45.70 yivs| 10365 8,600
duleundu 38.50 4.42 42.68 14.39 137127 11400
neanthd 12 3.50 68.20 16.30 18,267 16900

ngaluUau 58.60 2.03 30.46 8.90 9,196 7240
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T Moisture Ash Volatile Fixed Carbon HHV LHV

(%) (%) Matter (%) (%) (kJ/kg) (kJ/kg)
Aulnau 48.40 120 38.70 11.70 9,370 7,556
Ay 78.40 0.70 16.30 4.60 3,908 1,760
Fag1lng 40 0.90 45.42 13.68 11,298 9,615
adutming 41.70 3.70 46.46 8.14 11,704 9,830
maiud1uzvas 59.40 1.50 31 8.10 7,451 5,494
wWienlilgamduda 60 2.4 28 9.56 6,811 4,917

2.9.4 wasulugduuudeqannisuusgudouag [27]
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2.15.3 NMINTTAUNNAILNINLALNINLAT

NINTLAUNANNNNEAINLAZNIUAT (Physiochemical activation) Wunisnszdusau
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2.16 Tuluaniluaniiu (Monoethanolamine, MEA)

Ethanolamine, 2-aminoethanol 138 momoethanolamine (ini3endaqq1 ETA,

a o eda v
MEA) Hulaanavasansuseneudunidnigasluanafu HOCH,CHNH, TnsUsznaudieie

=

fiuugugll (Primary amine) uazuanasaaugunil (Primary alcohol) wiaiEensauiuimgle

Y

asenda (Hydroxyl group) tevluaniwduansuseneulsldld uvesvamilainduadiedu

a1swonlanile dnsldtustrunsnans

= ] o
sUN 2.4 goslasaasneveseniiuaiily

(ﬁm: Academic Dictionaries and Encydopedies, Ethanolamine, 2012)

2.16.1 m3lenluadiuluananvinssy

luluenluansiulavinnisiiuisenseuwing Ethylene oxide 521U Ammonia 161
wAnsinusidu Diethanolamine uay Triethnolamine SnsduvanAnSsianasanIUANLA
MnMsasuliinavesarstsiunlilunisiujiten Tneujiserididuljisennenn

JausaimsmunumMsiinUfisenieldlmindunse
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H,N

OH

NH .
I‘Jéo/""\v/ \//\OH

L. L Y ———— +

o

OH

HQ/'\\/NI

o aaa a =
sUi 2.5 Uisenisiiaamiluaniiy

U

OH

(ﬁm: Academic Dictionaries and Encydopedies, Reaction of Ethylene, 2013)

2.16.2 Fanadivasoniluaniiu

) | sl w =
i luafivanusaduanesilaainnsguaunis Decarboxylation ¥8495U Faaunisn

(2.22)

HOCH,CH(CO,HINH,—> HOCH,CH,NH, + CO,  (2.22)

'
= 1 & a

emluanfiuduluanaieguinaivesealndfin (Phospholipids) daiduansiiwu

Y

i
=l as '

luigaruwanueadlTinminNluIeaua fapg1agu Phosphatidylethanolamine Faqgld
[ a o v 1 € ! 2 5 [ @
Duluanaimimhindeasseninauead 1y Palmitoylethanolamide usu [40]

2.16.3 n1suszenaldieniluailulunisanduing

tofiunseluluteyluanfludiaudfduuageu e lulduselovid uddndufing
Aqasaratglulueniluaniu douhunltlunisandufing faed1s arsazaneeyiluaiiiu
Tgluntsanduieaisusulasenlentazinelalasiaudalwiainfananluusseinie wwu
oA IaTANYsTINYF IWUL@W"IIUﬁ']ﬁUIE]E)E]U%SlUﬁ’]ﬁ’]FJIS.JLﬁQaﬂﬁﬂimﬂﬁﬂﬁﬁﬂx%ﬁﬂ%‘u

wainlvaunsaarargludnlauiniuidsnisnisandunitgesluluieniluanduanuisayi
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) i o v v 4 e v o 5 |
navin g ludlalaevinnslvausewinevinlilassaseianuudussinasuaiazvanidos
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finwansuaulasenleiuarlalasaudalndeanunaunaedululueniluadufiudaws

2.16.4 Ufisenalivesmsgaduitvaiiveulaeenledieaisazateiaiiv

aaa = = (23 & & v = [ s =J
Unsenaiveinisgaduingaisveulaneanledmeaisazatsedududsannisi
(2.23) lnganaunisazldaisazaluaiu 2 mol searsuaulasenled 1 mol uenanni
ol d 1 2/ v -] al 1 3 aaa ol &
ansazanglediufinunisidaundaunsanduunldndlalnenisyujizemeduusfing
¢ & X o w = -
Asusulaeenles (CO, desorption) Aen1sliiAuseuiguugiiasssuiu 80-100 aen
walded wavnnisanausudslandaiudunisasusulaeonles aisazatseiiuuay
1D’ s A = s =l g:’ =y 2 1
U199dun1sy (2.24) lasansavareaivaiuisanauunldludnassdunszuiunisifule dau
Angarsusulasenleaaiuisadrluladusylesuniegla dedraduy naslduselovilusiu

2naMNITUG9Y U nAndwdis iWuasidulumsudnidnay Mluszuutuay ves

d' o i € <4 o = ' I i
bAIDIVNT YUDUR LUIUNE WIDLATBINDAINE Wusu [41]

CO, sorption: RNH, + H, + CO; = RNH; + HCO5' (2.23)

CO; desorption: RNH; +HCO; " + Heat —»  RNH, + H,0 + CO, (2.24)

nalnnsgadiufinvansueulneenlenmelulueniluaiuiuiiseainmesleosudu

aaa o

Ujfisemdnlasuisesnidu 2 dw fie msadluanasineesleesulavasveulnoonles
wildluanavigisoriulalueviluaihuniduana Wadulaanavewinmeilossu i
aun3i (2.25) dmsunsgedufaniveulneenledfeasazarsliluemluaniiudy s
560 MEAH+CO' 11A15Um (carbamate) 9nniunnsutammilshnanaasdnvhuiasentu

Tulwemluanfudnuisluana wWelunsareleulusnseu feaunisi (2.26)

CO, +MEA <4+—» MEAH+COO (2.25)

MEAH*COO +MEA <+—» MEACOO +MEAH* (2.26)
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UfAseluannisi (2.27) Faduujisemanuartudsamnsaiinufizendnadesladnsag

) o
LAPIAIALNITN (2.26)

MEAH'COO +B €+—» MEACOO +BH* (2.27)

= - =i [y v = o !
lnef B Aa arsazargwadnaiusadiunsulusneudaduldvatsars laun OH, CO.2
HCO; widauaisun (H,0) Iagazaula MEAH' fiu MEACOO \Wuudndiuaisazateiuaviin

e 5 L% o = 1o =
dutuTANINTUmMNINI iR

2.17 9UABNNEIVDY

at

Wan Nor Roslam uaganiz [42] ldvin1sduasziiagaisusugniugeainduaase
nsrvunIIMAinarnisaTuslued Inegnuaisveuiinainujisenaiiseninetiana
fuansazatensadaingn INNIINAaBINAENNTIATIZNUAT BET wuin Tanmisuoud
o (3 Il:ldll “ =t 2 5 ¥ @ I A
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Hye-sun wagamg [43] lavinsAnwinisduasigiauiududadigniugannansds
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d' o o u L% o L3 L3 aI = = =
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r Y] o . = o & o a
du-medurasinglulnaiau (N, adsorption) #ansgaduinsaisueulneenlennigumgl 273
‘1‘ o 5 o L dd 1 12 = ) i/
K Ainaueiu 1 bar. tuwmanzaudmiugnuiiivunegluge 0.3-0.86 nm. udd1gumgiild

gatudia 298 K duagimangauiugnundaunnegi 0.30-0.33 nm. Fuiuldinssiiauinana

lngvnunagnsunavainsaanduiteasveulaeenledegi 0.3-0.57 nm. Snvisanshagud
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Jia Guo uazmg [46] GWU’JQEJUL‘UUH'TS’JLﬂ'i’]”‘VIFImﬁﬂJUﬁ!WNLﬂN‘UENQWUﬂNNUWV]LGI‘SEJ&J

'
=

Mnudnrdududurssmanesnssluiuiiiunsoufigauauysaifenssuiunismaed
sununsadaiasnuazinunadeslansenleduaziloriinsiaszvinavesiuia BET uavle

Towsumsgadu wuanlszauanudidalunisinyseyndldaudmiunsdndufiadaime




58

lneanleduazuenliiy Innsvageunisgaduinadanalaeenlenuazwanluiionuin
] v oo fd £ ) voow = s o
sufuiudmessnduintunsnszduielnuaideslensenleniinnuaiuisalunisgadu

fingdaelaeanladgenitnsadaininudlunisgadunenluidesvdauaiusanininly

8/ 2/

- Aad a v al as G Vo ' [
LGE]UI‘U‘V!%JWUN’Q BET IﬂﬁLﬂENﬂ‘LJLL’ﬁéﬁ]'7ﬂﬂ"Ii“flﬂa'e]ﬁ’lﬂ%ﬂL‘HU’.}”lﬂ'J']lJﬂ?lﬁ?'ﬁﬂiﬂﬂ?i@ﬂ‘ﬁ‘u‘ﬂaﬁ

5 LV

i YT aad a i Y}
QWUHNNU@L:ﬂ‘uwaiﬂﬂﬂiﬁﬁ]f]ﬂLﬂNWWUNTﬂ@Qﬂ'}uﬂﬂJNUF\

(YY)

M.A. Lillo-Ro denas wazAng [47] Muddoidilunisdunsigiatususiudannaiuiu

aunszuaunIInailiswnuleihsulensenles laglavinnisimsizidiudsniegninass

%

manaaos leun ansiediild Snsrduilddmsunisnsedu Blunsnsedu waeUinausss

q
k2 k23 ¥

44 1 = 1 1 o e o (3 a1 oA Aa
‘V]@QWLUQ’]UWL! N’ﬂﬂ'\31/1@?18\35%514']’]ﬂ?ﬂﬂﬂﬂﬂﬁﬂﬂi%ﬂﬂﬂiaisﬁﬁBulﬁﬂiaﬂl‘ﬂﬂﬂ SUATNUNKHT

wazUSumsgnqululasgsaavindu 2700 m¥/g waz 1 cm®/e mwaau WWun1studuinns

L

- '3 o a0 a ¢
nseaumelameulansenlenaglinandninlnivadsulaasenlen

1

o
a o a

" i a wa 1 v oo ga
Donni Adinata wazauey [48] nuideiiduinsziauantfvesi uiniuaieiouain

nra1U1duMIENTEUIUNIILAITINAUINUAT BN AT TUBLLA aeBvEwavatnamaliniue

Tutwdu 600-1000°C uagdnsrdulunisnsesiu 0.5-2.0 lnsainnismaasannsaasuladn

v 1
=

o 1 at au (3 = 1 lﬁ‘ = ) L3 o ol 4‘: © =
maaawaﬁuaammuuum%umamaaLmqmwgu'ﬁlﬁumsmiualumjquu WUNHIIWIEU

=Y

oA & A4 a . v - = v =
ALNgeulogamgiinsueluladuingin 600 11 800°C uazanauaniasiiiogungll

\iugedia 1000°C TnedlArgaaniia 1170 m%g 91 800°C dwiudnsidnilunisnsziuiiiu 1

waganlaleweann1sgadunuiniiuiwesiuiuiuiUsenoumesngululas

Li Zhao wavaniy [49] lavimsdsasigsiauiududannudanuyuienszuiunismi

=

wnilswdunsaneanasn lnenseuiunisasueluduaryiniigamail 450 s 550°C lngidle
< 3

NTieseiAuanTATUEBmALA N151ELUNYeISIENT (X-ray diffraction ; XRD) ,

Y

NA9d9aNssABIANATEULUUARINTIA (Scanning electron microscope ; SEM) , Mi3emsu
WosudunusaaUnlasalast (Fourier-transform infrared spectroscopy ; FTIR) uag N3gn

Fu-nreduvesinglulasiau (N, adsorption) wWuiUsunsgnguvesiedwilaegivszunn

o i '
= o L =

0.525-0.733 cm®/g uazilleguugilunisaiveluwdugetud mivteuleisnsdiuves

L3

mnsziuviniunuiaudunsavesiufadfidanasuazanuduuavesaunududia viad




59

a = & - | v = = & a o a &
LWN%\‘]‘UU 'ﬂ']ﬂﬂ']'i“lﬂﬂaE]\?L‘LJUﬂ'ﬁLWNﬂéﬁﬂqiﬁﬂULUa@ﬂﬂHu‘UﬂLﬂUNﬁNaWVILwaaWQWWQﬂ’]iLﬂ‘lﬁﬁﬂ’i

v

=l
NA3Y

oo

" g o €1 v W ¢ a =
Seul-Yi Lee wazpme [50] nuideiidunisduasmsiamiuuiaindinanaaulume

waglaalaunszurunsasuslududigumgil 600-800°C wagnszulunIMIsialisaNiy
Inunaideulansonleduazinuna@suaifuaiun 31NN1TNAABINUIINITNTLAUGE
Tnunadoulensenledlinadiing Suifinaaaviiiu 1,352.86 m¥/g uandlodluiese
asAUTENEUYaIsIgNUIINIINTEdumslnunal@nlensonleniusunond waziuugduion
N

Jarostaw Serafin waganug [51] smdfedifvadastunisindufeasuoulaeenldly
Tassrenediuesanguiilasesrsuuaniia ngldtinsinausnislilassdislnaofiue
waAlwas (Coordination polymer network : CPNs) #3%8713 viognguiinanululasadng
wedeidaimmmmnsalumsfnfivuazien fasausismagaduluianavesansduniduasy

2

a1sotiunsd agslsAnmulunsdlaesnissndufiivaisuaulaeanladtu auaiunsalunisen

v
[ [

<t ] o o | o (23 dl dl v
varluagiugamgil musulunisudesiwuasivbuinatagaey

@/

Suryadi Ismadji wazanz [52] lnAanwnisanduingasusulaesnlenvesaunududi
wigunnglaamenszunnisialannesueansuelulrdusiuiunisiisieiiuvunuiives
megne lnglioynsinsinnauiRvuas NdesgansIABIanATouLUUAINsIA(Scanning

3 & fa @ ! )
electron microscope ; SEM), Na933aNIIABLANATOULUUEDINTIA (Tunneling electron
microscope ; TEM) , n1sgadu-atuduvesitvlulasiau (N, adsorption) uay wadanis
Aa7869M19A1U50U (Thermo gravimetric analysis) Wuliniioin1siisdnsagaiuieiiuuy

[

WuRvasnunusiuAsiauausalunsanduineaisueulaeenlemivindu 4.3 mmolg! 9

gaumnil -20°C ANuGY 1 bar uaganunsaldennisgadulaniznisasueulaeenleniiessin

M InyeeiluULWUR7

M.L.Gray wagamg [53] lavinisAnwnisandufigaisveulaeenlefainnseuaves
& &) 2 ar o & o = @ wa o =l
feean Lunaannnisidiigaduyiaveautefignaiwazyiulsquandinieieiiu

(aminnated-SBA-15) SBA-15 FuutanTdnifignsussiviulaasiivinnveagnguamitaue

q

%
v

nan1sAnwInuiedunisnininanldlunisyiudsauiianuaiuisalunisdndufing




60

o

asuaulavanlenannisnseuavesinenauunnitneludgugll Yssanianvasiigadu

U U

a =l ) ) wa v a oW | . P
yinvaudandiunisniuazuiulssnuaudisisefiudeinatd (aminnated-SBA-15) fidn
o & 4 o Y a = = A o
WnTudleiinsusudssludinauaranglinanvanuagariranaaiieiinisuiuuauin

il

M.LGray uazany [54] lavinnisdnwinistindsedniainlunisindufine

8/ 2 =

ArsvaulneanlanveadiassAISUBULTNTUAI8NTSIFoduaNsavauLeTY 3-

Chloropropylamine-hydrochloride (CPAHCL) ﬁqm‘mgﬁ 25°C anmsvaaasligniudiuin

mgaduinagAuaURINaTINUgNIRNYTEAVEAMAIga sazaneteliula A a1 saly

[
=

v W e ¢ L3 < =l o o -:kLy 14 P
nsandufinasueulasanlen 9% wWasuiumeaduiugiunldnuiswainidewinnis
Warmeasarareedwitlvinuiivesihgedulsenaumenyoriiluddanuansalunisen

Jufwasuaulesanlealauinnin

v o ) € 1 v d o ¢ o
Aroon Kongnoo Wagamg [55] lavinn1sdaasizvinuiusiudimssuainngaiundud

S P

n1susudsaiunianagansaratgluluioniluaiu (Monoethanolamine ; MEA) uaz
arsavarglaieniluaniiu (Diethanolamine ; DEA) lnenisnsaulusasidiusasay 3 lae
wasieUiues laswdlevimsiesmsiussavsamlumsdndufreaisueulaeenlediag
wadlan1sgadu-meduresinglulasiay (N, adsorptionmuindaiiuglunisindufine
Asuaulaoanlaaviniu 5.3 mol/kg Lt.azmmmmm'lumié’fﬂi‘j’uﬁ”wmfuaulmaaﬂlszjﬁﬁgﬂ

31l a a0 v i a v = = )
nsrgumelulueyluariiuasiiitasnitlaentluaifiumelinsveassluteuludioaiu

2.18 WALALALLIASDILUDIN

2.18.1 né’aaqa%‘a"ﬁﬂﬁ%Lﬁﬂﬂiamwudaﬁn‘iﬂﬂ (Scanning electron microscope ;

SEM)
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(ﬁm: Jonathan Atteberry, Scanning electron microscope, 20127)
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(1.2) @audsiuwas (Condense lens)
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(1.4) 1auding (Objective lens)
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2.18.2 NSHELAUVUVDISIFDND ( X-ray Diffractometer ; XRD )
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(ﬁm: Warwick David Leadley, X-Ray diffraction, 2009)
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2.18.3 Wisimsuanesudunsusaaiunlnsalal (Fourier Transform Infrared

Spectrometer ; FTIR)
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(2.) Middle Infrared (4,000-200 cm™)
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(3.) Far Infrared (200-10 cm™)
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2.18.4 1AT9931AF12H5 1M MTUBIAUTZNDUVBIA15BUNSE (Organic elemental

analyzer)
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(fis1; Redok Labs, CHNs/O analyzer, 2013)
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(ﬁm: Thai Alibaba, BET surface area, 2015)

2.18.6 N15IATILNNITEANEAINIAUS DU (Thermogravimetric Analysis ; TGA)
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(ﬁm: LMS technologies Vietnam, Thermalgavimetric analyzer, 2015)
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3.1 m'ﬁLﬁsqsﬁuaxﬁﬂmauﬁﬁwaﬁaQm‘iuauuﬂu‘lwsa

mMyinzikarAnwaudfivesTanaisuauululnse lasdiianmsuouunlulnsed
dunszilaainiinmamsvalueduiazisnislelasmesuoanisusluwduldiinneiuay
AnwaudAmemnnaiianeg fe

3.1.1 fAnwaudiniamenw dnungdugiulazsuiavegnsuvesianasuauuily
Inssiendeaganssaldiinasauluudans1m (Scanning electron microscope ; SEM)

3.1.2 Ainwiendnualvesansnufisinvazaruduninue Jagansuouululnseie
wmadansdeauuvesididnd (X-Ray Diffraction ; XRD)

313 Anvmilaiduuuiiufiavesianaiveuunlulssiaemaia WSevsunedady
Wwsaalasalast (Fourier transform infrared spectroscopy ; FTIR)

3.14 @nwimesAvsznavuazUiuiavessinluianaiiusuuilulnssfieiados
3Lﬂ'§’lxﬁﬁ’1&!ﬁLﬂuadﬁﬂisﬂaU (Combustion elemental analyzer ; CHNOS)

515 ﬁnmﬁuﬁuwxauﬁ’ﬁmmLﬁugwqwaﬁaqm‘i'uauuﬂuhﬁaﬁuEJmﬂﬁﬂ N9

Fu-medurasinglulnsiau (N, adsorption-desorption)
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A Q.J o e
3.2.3 LAT99Y9ANSLUUAINDA

P < I3
3UN 3.3 LAT03TNE1S

3.2.4 Whinansegiul (Alumina boat)

d v =
FUN 3.4 Wunasegiiun




325 mwuzmasu (Teflon) way daufnsailelasimesuea (Hydrothermal)

A as =
U7 3.5 nMausnwaeuuaziansallelasiveduea

32,6 Gaudmiunszurinislalasinesuen
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3.2.7 Www1euInd Aelaussennialulasiau

=
gﬂ*w 3.7 LA

< o
3.2.8 WnIanaussmeasuuumu (Rotaly Evaporator)

JUN 3.8 1AaNAUTHMEAS ULV



75

3.3 Jaquarasiad

3.3.1 TugumBuazaeniiau (e

o v
sUR 3.9 Tugugduazaantray (wee)

3.3.2 1?11%’1.133?; (Deionized water, DI water)

5U 3.10 l3Useq
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3.3.3 ldsulansanlen (Sodium hydroxide ; NaOH)

3.3.4 TnunaFeulonsonles (Potassium hydroxide ; KOH)
3.3.5 lafeuaisusiun (Sodium carbonate ; Na,COs)

3.3.6 Iwunalfonasuaium (Potassium carbonate ; K,COs)
3.3.7 asazatglulutenluaiiu (Monoethanolamine ; MEA)

3.3.8 n3nlelasaaesn (Hydrochloric acid ; HCU)

3.4 LATD9UDINATIEN

3.4.1 ﬂﬁaaﬁ;awﬁﬂf@lﬁﬂﬁliauLLUU’da\iﬂ‘ﬁm (Scanning electron microscope ; SEM)

342 Lﬂ'%'aﬁmiﬂsv‘imiLgmLuuﬂuaa%'aﬁLﬁnsﬁ (X-Ray Diffraction ; XRD)

3.4.3 Lﬂ"%iawjﬁai’mwuwg%m dunsnailalnsalast (Fourier transform infrared
spectroscopy ; FTIR)

3.4.4 Lﬂ‘%iaﬁmiwﬁﬁwﬁ;‘?‘iﬂuaqﬁﬂszﬂau (Combustion elemental analyzer ;
CHNQOS)

345 msfinwiuiuazautinudugnguresiagarfuouuninssdewma danns
anduinglulnsiau (N, adsorption-desorption)

3.4.6 NISANWYINISARIEAINIIAIINSBUGIELASDIALASIEYauURANIIA LS DY

(Thermogravimetric Analysis ; TGA)
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3.6.1 NMsAn¥mavesIsNMsHuATIEiiagaIsuauUITulns

(1) nsduATIznalLisn1sasvaululwtu
(1.1) FlugugBuazaeniidu (meg) eg1sas 5 n3u
(1.2) ihlUldludunansegiun
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(2) msduRseagisnsielasimesueanisueluedy
(2.1) FeluguqBuazaentda (we) 20 n3u
(2.2) wismninl§Useq 40 SedAns
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3.7.1 Anwrandivnanienin dnunsdugIuLasIUIAYeIINIUTeLIAnA1SUB YUY
IW‘Nr;f’JEIﬂé’aﬂqamiﬁﬂﬁlﬁﬂmauLL‘U‘UEﬂ'aéﬂ'ﬁ’]ﬂ (Scanning electron microscope ; SEM)

3.7.2 @nwendnvalvesarsyiuisdnvuzanuundnuesTanasuouunlulnsae
maﬁﬂﬂmﬁ"mLuu‘uad%’&ﬁtﬁﬂqﬁ (X-Ray Diffraction ; XRD)

3.7.3 Anvmyileiduuuiuinvesfagmivouuilulnssiewmeaiayionsuefudy
wseawnlasalasd (Fourier transform infrared spectroscopy ; FTIR)

3.7.4 Anwimesduszneunariuiaessiglutagaifueuurlulnsedieinios
iLﬂiﬂsﬁﬁwaﬁLﬁua&ﬁUizﬂaU (Combustion elemental analyzer ; CHNOS)

3.7.5 AnwiuiuazauiBanndugnguvesianaisveuululnswhemailanisge

Fuuazmeduraselulasiau (N, adsorption-desorption)

3.8 nsnadaulszaniamlunisanduiieasveulaeanlydvasian

-4
ASUAUUNTUINGY

=

nmeaeulsgansnmlunisdndufingaisveulasenlanvesianaisuauuilulnse
Adunsendumisisasveluladuuazlalasimesueansusluedu Taeviin1sfinuinas
A01867Y119RINTOU MBLATEIILATITRANTANI9AINS B (Thermogravimetric analyzer ;

(%]

TGA) TnpaziiReulumseeed
3.8.1 Anvmavesgumnireuszavinwnisanduineaisuaulasanlas

(1) gumnl 300 psALwaLTya
(2.) gl 500 aALwaLTyE

(3.) guugil 700 DA LvALTLH

3.8.2 AnwIHAvaYsaEaraIrlsEnavvadniwatsuaulnaanlendaUssansaanlu

N3ANTUYRLIEAAITUBUUITUTHSS

(1.) 10% CO, / 90% N,
(2.) 15% CO, / 85% N,

(3.) 30% CO,/ 90%
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4.1 WavesdsmsdunTendanaTusuniingulussavunluwns

= - 13 v, o i ¢ Y
A15199 4.1 wnaveslugugduazaeniidy (iweg) AunseuIunsasusluedy

Biomass Temperature [°C] Product [wt%] [a]
CL 400 3837
Cl, 500 30.45
7 4 600 30.28
CL 700 2925
n 800 48.35
L 900 26.21
PF 400 37.66
PF 500 35.90
PF 600 D822
PF 700 34.90
PF 800 30.60
R 900 30.19

[a] ﬂwﬁfﬂﬁLwﬁaagwa"&ﬁl'lﬂﬂwun‘ssuuumsm%ualuuu%’uﬂunm 2 galag
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- < = ¢ 1y 9] !
NI 4.1 Uaggun 4.1 wavedlugugBuazaenthdy (wed) ndaeiniiu

4 ) o a 19 = a ¢
nsguumImsvalueiuiiung 2 9alus Suulivanasfegamgilunszuiumsaiuely

s QI g =t = ol 81 =) s 4 o a Ell
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A19197 4.2 inavedluguniBuazaaniiay (weag) NHunssuiumslelasivesuea

A1sue Lty
Biomass Temperature [°C] Time [h] Product [wt%] [a]
CL 160 8 41.55
cL 160 12 40.87
el 160 24 43.03
CL 180 8 40.77
CL 180 12 39.46
el 180 24 41.77
CL 200 8 39.21
CL 200 12 38.13
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Biomass Temperature [°C] Time [h] Product [wt%] [a]
CL 200 24 41.30
RE 160 8 45.68
PF 160 12 39.93
PF 160 24 45,12
PF 180 8 43,16
PF 180 12 38.01
PF 180 24 44.65
PF 200 8 41.89
PF 200 12 36.79
PF 200 24 43.59
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31Jﬁ 4.3 2 SEM (Maawene 300X kag 500X) ‘uaﬂugﬂmﬁﬁmuﬂizmumi
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NeunsguIunsAsusluedunigamgll (A) Raw (B) 500
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1n3yU 4.3 uaz 4.4 nw SEM weslugugiduazaenuidy (iweg) Adelaniu

=l

nszuUNTAISUB U TULAZHIUNTEUAUNNTASUR e uRaMuAT 500, 700 wag 900

q Y

paAwalded Wuan 2 dalue aziulailassasieisntsuenuaznteluvasdauiainis
= =t 1 a a o ' ¢ w = a
L‘UaEmL,LﬂaqlﬂmumﬂmwmﬂmmamdlmmuﬂszmumimsualumuuaxLuaqquu’lu
nszuruMIATUBluiugaluaIn 500 fe 700 ssmwaldva wuitlassasiagusnuesdn
walsuiinsuaneen dlasiaiunmeluEuiinisnefivesgnguiiaduiiionindninaues

=

AuTounazAuY uingnmgilunisarsueluetuguiului 900 esmwaldoa wuin

Y

lassadnnguenuazgngunigluninvuBudnsimaieiiosnindvduavesnanuiaudinnn

Wulvawinlvlaseadretenarndesuluainiu Wneteulefimunsauiianlunisnaaosds

o

naAe Arsusluldunonmal 700 asewaidas 1Wuan 2 Tl

Y




U 4.5 11w SEM (fdsene 300X uay 500X) vaslugugnefrinunszuaunis

lalnsinesusamsualueduigumall 200 e wadod Wuiial (A) Raw (B) 8

|
=l

(O) 12 (D) 24 H7lua uagrunszvMNTANTUBlU UMY 700 BarmialTya

Wuan 1 9l

U 4.6 0w SEM (fdswens 300X wag 500X) vesmenuidu (iwer) iy

nsyuiunsialasmesuoamsualuwduiigamail 200 asmeadea Wura

L

(A) Raw (B) 8 (C) 12 (D) 24 H1lai wazkunszuIunsasue bty

foanndl 700 ssmiwaduadunan 1 43l

87



38

o ¢ v, deu o1
91n3U 4.5 way 4.6 SEM veslugugrBuazaenurau (weg) ndeldnunssuiunis

=

¢ ¢ ) ' I3 P P
lﬁiﬂ5LW@5§J@@@73U@1HL%“{!ULL§ ¥NWUﬂ33U'§uﬂW'§1§I@'§L'V]'E]il]@ﬁ‘waqmﬁﬂﬂ 200 29w aALTad

U

G:I £ at :J = =l ﬂlJ
Junan 8, 12 way 24 47lus uazmsusluiwdufionmgl 700 sswaidea Wuan 1 43l

=] w1 w H al al o =t ' =
aziuldinlaseasesisneusnuaznisluresdunainisiua sunuasludwmane1ea1ndiua
o o ' ¢ ¢ @ AI Acl ¢
7gsludunszuIunslalasmasueansvalumtutagitanaintulunssuiunistalasmes
POALRNTUINN 8 B9 12 972119 WU lATIAS19N8URNYRITINIALSUTNSUANDDN d2U
d\l 1 s a g{ A - =Y 9 s IA
Tassasnnielusuinsnedvesgnsuinuidewin dniravesnuiouuaraiusiu uam

nattunszurunsielasmesueaifiuda 24 $alus nuilasainieuenuagwuuaI

Lillflﬂ?’iﬂﬁ‘ljﬁﬂ'3’13JFI']ﬂuaﬂﬂ5§1u35UULuax‘i@‘lﬂﬁwawﬂdnaﬂ‘ﬂﬂ’lﬂLﬂ‘Ll\l‘lJ Inodouluiivangas

=Y

d‘ as I e s - =l o
VlﬁﬂtLUﬂWiﬂﬂﬁaﬂﬂﬂﬂﬁT}ﬂa ‘lﬂIﬂ?L“ﬂﬂﬁJﬂaWQﬂJViﬂN 200 asALwaLad L“‘fjunm 12 419

Y

F3 v o a = v
wazArsuslueduiigunall 700 ssmwaidua 1lunal 1 Falus

[———s00°C]
B aang 1
\H-MM"‘*\
—700°G
— &=—S00°E
&D "_’_—\’\——\/\M_j/
, 2850 cm’ &
3350 cm A 1600 cm™
O-Hstrefching = ftrefehing C=C strelching 1034 cm’’
\\ \\ \ C-0 stretching
220 cm’” 1730 cm’
C-H stretching C-Q stretching
4000 3500 3000 2500 2000 1500 1000 50C

Wave number [cm')



89

R e
WM.
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SPLERE C (Wt%) N (wt%) H (Wt%)
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(m?%g) (m?%%) (nm) (nm) (cm?/g) (cm®/g) (cm®/g) (cm*/g)
CL - C KOH (2Mm) 62.1781 17.9261 3.95257 7.0218 0.061441 0.007703 0.051198 0.00254
PF - C KOH (2M) 63.4706 29.6373 3.92692 6.1409 0.062311 0.013060 0.048542 0.000709
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A7atne Sic Bii AV, size AV, size Vo Vinp Ve Vex
(m?/9) (m?/g) (nm) (nm) (cm®/g) (cm*/g) (cm?/g) (cm®/g)
PF - HTC KOH (2M) 854.24949 661.8208 2.2884 5.3103 0.488717 0.292559 0.171403 0.024755
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Abstract

Reducing anthropogenic CO; emissions and lowering the concentration of greenhouse gases in
the atmosphere have quickly become one of the most urgent environmental issues of our age.
Carbon capture and storage (CCS) is the option for reducing these harmful CO; emissions.
While a variety of technologies and methods have been developed, the separation of CO; from
gas streams is still a critical issue. Apart from establishing new techniques, the exploration of
capture materials with high separation performance and low capital cost are of paramount
importance. Nanoporous carbon derived from leaf of cattail flower that found in all areas
throughout Thailand, the biomass was previously pyrolyzed at 500 to 700°C and the produced
chars were further activated with NaOH, KOH, Na,COs and K>COs subsequently. Afterwards,
the resulting materials were characterized by Scanning electron microscopy, Fourier-transform
infrared spectroscopy and Raman scattering measurement. From this investigation, produced
activated carbon will be efficient as an option for CO, emission control.
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1. Introduction

Global warming due to climate change with the increase of the average temperature of the earth.
Global warming occurs when carbon dioxide and other air pollutions and greenhouse gases collect in the
atmosphere and adsorb sunlight and solar radiation that have bounced of the earth's surface. It happens
in the industrial section, Transportation section, forest fires and burnings. Has increase to the degree that
they become significant contributors of much carbon dioxide in to the atmosphere [1], the principal
methods used to capture CO; from post-combustion gases are absorption and membrane separation [2,3].
The methods based on CO; absorption by amines are commonly used and highly effective; however,
there are some important technical and economic drawbacks [4].

Solid adsorbents present high adsorption capacity, high thermal stability and may be regenerated
by pressure swing adsorption (PSA) or thermal swing adsorption (TSA) processes [5]. Activated carbons
[6] and zeolites [7] are useful adsorbents for CO; capture due to their large surface area, suitable pore
size distribution [8], high mechanical strength and stable adsorption-desorption cycles. Activated carbons
made from conventional raw materials such as zeolite, bituminous coal, peat and lignite are very
expensive. Thailand, the agricultural country, make use of by-products to produce the activated carbon
due to its lower cost, it become an interesting material for adsorbents. Activated carbons may be
produced through physical or chemical activation [9,10], physical activation via pyrolysis process are
use high temperature to produce a char [11], chemical activation may treat with chemical, for example
sodium hydroxide and potassium hydroxide followed by thermal treatment via pyrolysis process are use
without heating which is a very low-cost route [12]. Activated carbons are usually prepared from
agricultural by-products such as leaf of cattail flower. In this study, we preparation of carbons from the
leaf of cattail flower are found in all areas throughout Thailand, cattails grow best from divisions, but
they will also grow reliably well from seed. The seeds germinate rapidly under hot, moist conditions and
will be ready for transplant in just few months, and their activation with sodium hydroxide (NaOH),
potassium hydroxide (KOH), sodium carbonate (Na;COs) and potassium carbonate (K2CO3) and thermal
treatment by pyrolysis process at 500, 600 and 700°C, the resulting materials were characterization by
Scanning electron microscopy, Fourier-transform infrared spectroscopy and Raman scattering
measurement. The aim of this work was to study the effects of temperature and chemical activation on
the textural, adsorptive and chemical properties of the activated carbons.

The objective of the present study was show the data on the potential of leaf of cattail flower.
As raw materials for the production of value CO; adsorbents. The adsorption data was collected and
analyzed in relation to the morphology, functional group, element compound, surface area, porosity of
the adsorbents.

2. Experiment
2.1. Raw material preparation

Leaf of cattail flower were found in all areas throughout Thailand. The leaf was dried 24 h. in
an air circulation oven at 70°C for remove moisture, materials were crushed in a knife mill, and then
pyrolyzed under N, flow in a stainless-steel reactor at a heating rate 10°C/min.

2.2. Cattail leaves carbonization and characterization

For the preparation, the biomass was pyrolyzed at 500, 600 and 700°C under nitrogen flow in a
stainless-steel reactor for 2 h. The activated carbon was impregnated with a saturated solution of sodium
hydroxide (NaOH), potassium hydroxide (KOH), sodium carbonate (Na;CO3) and potassium carbonate
(K2CO3) 4 molar for 3 h. at room temperature. The samples were dried in an air circulation oven at 70°C
for 24 h. and pyrolyzed at 500, 600 and 700°C under nitrogen flow in a stainless steel reactor for 1 h.
The prepared samples were characterized by scanning electron microscope (SEM, Zeiss EVO MA10)
operated at 10 kV was used for the surface morphology analysis [7], Fourier-transform infrared
spectroscopy (FT-IR, Perkin Elmer Spectrum Two) for the surface function group analysis [11] and
Raman spectroscopy (DXR Smart Raman) for carbon structural analysis [14,15]. The source of radiation
was a laser operating at a wavelength of 532 nm respectively.
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3. Results and discussion

3.1. Production of activated carbon

The carbon yield (%) obtained by the chemical activation are around 40-72% except the sample
which was burned off at 600°C showing an unusual high yield off 72.038%. The yield achieved by
physical activation 28-31% are lower than chemical activation. Fig. 1 can be observed that for sample
impregnated with sodium carbonate (Na;COj3) at 600°C the carbon yield was the highest. There is an
increasing yield from 500 to 700°C impregnate with potassium hydroxide (K,COs) but decreases when
impregnated with sodium hydroxide (NaOH) and potassium hydroxide (KOH) because of the natural of
chemical reagent that using in the chemical activation process [9,11]. The lower production yield in
activated carbon manufacturing can be implied that the products has vast porosity since high dense
carbon structures is substituted by various empty pores [12].

Yield result are not really high compared to the one obtained by chemical activation the sample
prepared by the physical process show low yields of the order 28-31%. In other literature, the carbon
yields reported show the same order as with other lignocellulosic raw material as apricot stones and
cherry stones activated carbon [13].

o ——— -
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<) —_—
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g ~—k—impregnation with KOH
~—gp- jrpregnation with N32003
40 4
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30 = - —.

500 ' 600 700
Temperature (°C)

Fig. | Results of yield for NaOH, KOH, Na2COs, K2COsz impregnation
and without impregnation at different temperatures.

3.2. SEM micrograph of activated carbon

Scanning electron microscope (SEM) measurements were performed using SEM Zeiss EVO
MA10 operated at 10 kV. Used to observe the surface physical morphology of the activated carbons from
leaf of cattail flower. The porosity was observed on the external surface of the activated carbons. These
pores result from the pyrolysis process with and without impregnated. Fig. 2a-c shows SEM micrograph
of activated carbons without impregnated at different temperature of 500°C, 600°C and 700°C,
respectively. However, the high dense, compact, and roughness surface without the pore structure is
displayed in Fig. 2a which is the condition of low carbonization temperature (500 °C). Whereas, the pore
formation found with the increasing of pyrolysis temperature as seen in Fig 2b-c. A various cavities on
their surface is resulted from the thermal degradation of lignocellulosic polymers (i.e. hemicellulose,
cellulose, lignin) [8,25]. Based on the activation by using Na,COs, Fig. 3a illustrates a very pore on the
activated carbon surface since the Na,COs activating reagent reacts the carbon atom that reduced the pore
formation at low carbonization temperature. Seemingly, the high-temperature carbonization combined
the chemical also presented a highly pore, quite roughness, on their external surface due to the release of
Na;CO;s occupied in a carbon structure, as demonstrated in Fig. 3c-d. In chemical treated lignocellulosic
materials derived carbon, well-developed pores were observed. The SEM micrograph displayed that the
external cavitation is extensively formed during the activation process. These carbon web has resulted
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from the reaction of chemical which have an interaction with carbon atom during heat treatment and their
porosity could be effective to adsorb gas as the study of Serafin et al. (2017), similarly [25].

Fig. 2 SEM images (300x and 500x) of activated carbons without impregnated
at different temperature (a) 500°C, (b) 600°C and (c) 700°C.
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Fig.3 SEM images (300x and 500x) of activated carbons impregnated with Na2COs
at different temperature (a) 500°C, (b) 600°C and (c) 700°C.

3.3. FTIR spectroscopy

Fourier-transform infrared spectroscopy were obtained to characterize the surface function
groups on the activated carbons prepare from leaf of cattail flower. The band observed in Fig.3 is show
basing on the data published by other authors. FTIR spectra of the activated carbons has also observe
such a band, as the reference [21], these with the bands covering similar or the same range of the
wavelengths as observed for the investigated carbons were chosen. Activated carbons after pyrolysis
process the band at 3180 cm™! which was related to the O-H streching indicated the surface functional in
hydroxyl groups and water. At 1580 cm™ C=0 streching indicated to carboxylic acid groups, 1460-1400
cm’! C-H bending and 1360-1350 cm™ C-O streching was the groups of Hemicellulose, cellulose and
lignin. In the region from 1100-1060 cm™ C-C streching and 880-700 cm! was the lignin band [22]. In
Fig. 3a the surface function group of the activated carbons without impregnated was increase when the
temperature increased from 500°C to 600°C but the highest temperature of pyrolysis process (700°C) the
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functional group did not appear. They are melting during burn off only almost pure carbons was the final
product. In Fig. 3b, the effect of impregnated with sodium hydroxide (NaOH) and sodium carbonate
(Na;CQs) was appear the band at 1430 cm’!, 880-700 cm™ which was related to the C-H bending and C-
H rocking, respectively. The spectra indicated to hemicellulose and lignin, with potassium hydroxide
(KOH) and potassium carbonate (K;CO3) found the different band at 3180 cm! and 1060-1050 cm! are
associated by O-H group and C-C streching, the other bands that appear are the same of the previously
chemical reagents.
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Fig. 3a FTIR-ATR spectra of the activated carbons without impregnated
at different temperature (a) 500°C, (b) 600 °C and (c) 700°C.
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3.4. Raman spectroscopy

Raman spectra can be used to generate a characteristic spectrum for any material based on the
vibrational modes of its molecules was stimulated by a laser with a wavelength of 532 nm. (2.33 eV).
Sample pyrolyzed at 500, 600 and 700°C and impregnated with sodium hydroxide (NaOH), potassium
hydroxide (KOH), soduim carbonate (Na;CO3) and potassium carbonate (K,COs) revealed peaks at 1353
em™ and 1589 cm™! which correspond to D band and G band in activated carbon respectively. The D band
is associated with the defect concentration or measure of dissorders in the C-C bonds such as non-
crysalline structure [16,17,18]. The G band is associated with in plane vibration of C-C bonds is measure
of a perfect composite [19,20]. The characteristic raman peak intensity ratio (In/Ig) is useful qualitative
way of evaluating of strucural defects graphitization or crystallinity ratio in activated carbons induced
during pyrolyzed and chemical activation. The In/Ig ratio of activated carbons increased as the pyrolysis
temperature increased from 500 to 700°C after chemical activation the Ip/Ig ratio of activated carbons
impregnated with sodium hydroxide (NaOH) is lower than sodium carbonate (Na,CO3), potassium
hydroxide (KOH) and potassium carbonate (K>COj3). However, the In/lg ratio of produced activated
carbons may be used to show a pure carbon which is one of the main properties of activated carbon since
the porosity could be raised up with the reduction of functional molecules resulted in a high remaining
carbon in their structure according to the study of Lu et al. (2008) [24].

The first-order Raman spectra of the activated carbons are show in Fig.4 Raman spectroscopy
of the activated carbons show typical pattern in which the D band Raman shift of 1353 cm! is a smaller
than the G band at Raman shift of 1589 cm™. That mean the activated carbons has consists of both
amorphous and crystalline structures.
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Intensity (a.u.)
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Fig. 4 Raman spectroscopy of the activated carbons pyrolysis at 500, 600 and 700°C without impregnated
and impregnated with different base (a) NaOH (b) KOH (c) Na2COs3 (d) K2COs, with typical peaks related to
graphitic (G) and disordered carbon (D) structures.

4. Conclusions

This study shows the potential of activated carbons produced from leaf of cattail flower by
pyrolysis process with chemical activation, temperature and type chemicals were mainly effects on the
porosity. The yields achieved by chemical activation are higher than physical activation. Produced
activated carbons have proven to be amorphous and crystalline structure, the samples show various
external pores and these products could have vast pores. Whereas, it shows some similarities as other
lignocellulosic substances derived activated carbon. From this investigation, we expected to apply this
produced material for further greenhouse gases reduction to limit CO; emissions which is the major cause
of global warming, is the easy way to synthesis porous carbon materials from waste biomass resources.
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mear: the activated carbons has consists of bath amorphous ond
crystaline structure.,

Conclusion

Figg, 2 310 smages FI008 it 00w 0f G vaied Corbons Enpregraked
ity Hc1 0, Ot withou? Impesgrated of (af S00°C (bl 40T {¢) PO
Fig. 2. the pore tormation appearently found with e in-
creasing of pyrolysis temperature, A vanous cavities on thek
surface is resulted from the thermal degradation of ignocel-
tlosic polymers, Based on the activation by using Na2CO3
lustrates a very pore on the activated carbon surface.

This shudy shows aclivated corbons produced from leal of catial
flower by pyrolysis process, temperature and base were mainly ef-
fected on the porosity. The activated carbons have proven fo be
amorphous and crystaline structure the surface functionol group
was mointy of hemicellulose and lignin.The yield achieved by chemi-
cot octivahon are higher than physical aclivation,
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Process optimization and characterization of activated carbon
from cattail weed waste prepared by chemical activation for efficient

CO: removal

Nardnutda Katunyoo', Araya Smuthkochorn', Napat Kaewtrakulchai',
Duangduen Atong?, Kanit Soongprasit® and Apiluck Eiad-ua'*
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Abstract:

The major reason of rapid CO» emission is resulted from human activities such
as burning of fossil fuels, transportation and air polluted from industrial process causing
the increase of average global temperature at a faster rate. Several technologies (e.g.
CO; conversion and carbon storage technology) have been developed to reduce a
carbon dioxide from the atmosphere. Reducing CO; emissions is of great importance
to theglobalcommunity, and carbon capture and storage (CCS) is one of effective
options for reducing these harmful CO; emissions. Recently, development of activated
carbon from waste and biomass for carbon dioxide capture has been reported with high
separation performance and offers a cost-effective solution. Thus, this study explores
the activated carbon manufactured from cattail leaves (CL) by using KOH activation,
the activated carbon was processed by hydrothermal at 200 °C for 24 hours and
substituted to chemical activation at 500 to 900 °C for 1 h. Then, the characteristics of
cattail leaves-based activated carbon were analyzed by SEM, FTIR, N> adsorption
isotherm, and Raman spectroscopy. From this investigation, the prepared activated
carbon will be an efficient adsorbent for the CO» emission capture.

Keywords: Cattail leaves, KOH activation, CO,, Carbonization

1. Introduction infrared radiation. Carbondioxide has
sourced from electricity production,
transportation, agriculture activities,
commercial, industry and residential

Global warming is a current
temperature on earth have increased,
severe impact on humans and
environment. This main reason came
from greenhouse effect related to
greenhouse gases (i.e. ozone, methane,
nitrous oxide, chlorofluorocarbon and
carbon dioxide), that can trap heat and

sectors. The principal methods used to
capture CO; are adsorption and
membrane separation '*. The methods
of CO; adsorption by amines are
commonly used and highly effective.
However, there are some important
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technical but economic drawbacks >.
Adsorbents have a high adsorption
performance and high thermal stability.
Activated carbon® and zeolite ° has very
high surface areas resulted from
porosity, size of pores larger than
adsorbate molecules.Activated carbon
is a useful adsorbent for CO> capture
due to their large surface areas, suitable
pore size distribution °, high mechanical
strength and  stable adsorption-
desorption cycles. Basically, activated
carbon is produced via physical or
chemical activation, physical activation
is using a carbonization process with
high temperature to prepare char under
the activating gas atmosphere such as
steam and carbon dioxide’, Whereas,
chemical activation is treated with
chemical solution, for example sodium
hydroxide and potassium hydroxide.
Activated carbon has been classified
according to raw materials used in its
preparation such as natural coal, peat,
industrial wastes and  biomass.
Activated carbons are usually prepared
from agricultural waste because of its
inexpensive cost, it can change
lignocellulose to carbon become an
interesting material for adsorbents.

In this study, we prepared
activated carbon from the cattail leaves,
which are a weed waste found in all
areas throughout of Thailand. The
preparation was performed in 2 step
processes (hydrothermal-carbonization
and chemical activation using KOH as
activating agent). Produced activated
carbon was characterization by
scanning electron microscopy, Fourier-
transform infrared spectroscopy. The
aim of this work is to study the effects
of carbonization temperatures and

chemical properties of the cattail flower
derived activated carbon.

2. Materials and Methods
2.1 Raw materials preparations

Waste biomass (cattail leaves, CL) was
obtained from weed in all areas
throughout Thailand. The chemical

Structural Cattail
leaves
Cellulose 63.2 %
Hemicellulose 8.7 %
Lignin 9.6 %

component analysers of cattail leaves
are shown in Table 1. The collected CL
were dried at 110 °C overnight to
remove moisture and then crushing to
be particle sizes below 1 mm.

Tablel: The chemical component
analyses of cattail leaves

2.2 Preparation and characterization
of activated carbon

Activated carbon were
preparation from cattail leaves by
Hydrothermal-Carbonization process,
prepared CF was heated at 200 °C for
12 h in a stainless-steel chamber. and
then carbonized in nitrogen flow at 500,
600, 700, 800 and 900 °C for 1 h. by a
ramp rate for 10 °/min. The biochar was
chemical activating with a saturated
solution of potassium hydroxide (KOH)
4 molar for 24 h at room temperature.
After that was washed with 0.1 M of
HCI and distilled water several times
until pH of filtrate became neutral. The
washed sample were dried at 90 °C
overnight to prepare the activated
carbon.

On the other hand, biochar
obtained from cattail leaves without
chemical activating at 500, 700 and 900
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°C was noted as CL1, CL2 and CL3,
respectively. The activated carbon from
chemical activation with KOH at 500,
600, 700, 800 and 900 °C was noted as
CACl, CAC2, CAC3, CAC4 and
CACS5, respectively.  After the
preparation, prepared samples were
characterized by scanning electron
microscope (SEM) used for the surface
morphology analysis, Fourier transform
infrared spectroscopy (FT-IR, Perkin
Elmer Spectrum 2) for the surface
function bonding analysis.

3. Results & Discussion
3.1 Production of activated carbon
The carbon yield (%) obtained

by the chemical activation are
approximately 60% excepted the
sample which was burned off at 500 °C
showing high yield off 63.43 %. The
yield from physical activation around
42-17 % are lower than chemical
activation. Fig. 1 is observation for the
increase of carbonization temperature
led to the reduction of carbon yield due
to the disappearance of organic
substances. Production yield results are
not really high compared to the one
obtained by chemical activation the
sample prepared by the physical
process reveals a lower yield of the
order 42-17%.

3.2 Fourier transform infrared
spectroscopy (FT-IR)

These analyses were present of
functional group on the activated
carbons surface prepared from cattail
leaves. The band observed in Fig.2a
activated carbons after hydrothermal-
carbonization without chemical
activated, the functional group was
decrease when the temperature
increased from 500 °C to 900 °C the
final product was only pure carbon, the

band at 1514 and 1078 cm™! was related
to the C-C and C-O stretching indicated
the functional group of lignin. At 874
em’!, C-C stretching indicated group of
hemicellulose, 796 ¢cm™ C-H rocking
was the groups of hemicellulose,
cellulose and lignin. In Fig. 2b, the
effect of impregnated with KOH
function group of the activated carbons
surface was appeared the band at 1563
cm™, 1078 cm! was related to the C-O
bonding indicated to cellulose and
lignin, at 1370 cm™ was related to the
C-H bending indicated to lignin, at 879
cm’! and 768 cm'was related to the C-
C stretching and C-H rocking indicated
to hemicellulose, cellulose and lignin.
The increased temperatures are melting
burn off only pure carbons was the final
product.

—a— without impregnated
20 & impregnated with KOH

T T T T T
500 600 700 800 300
Temperature (°C)

Figure 1. Carbon yield with/without
impregnation with KOH at different
temperatures.
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Figure 2a. FTIR-ATR spectra of the
activated carbons without impregnated
at different temperature (a) 500 °C, (b)
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600 °C, (c) 700 °C, (d) 800 °C and (e)
900 °C.
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Figure 2b. FTIR-ATR spectra of the
activated carbons impregnated with
KOH at different temperature (a) 500
°C, (b) 600 °C, (c) 700 °C, (d) 800 °C
and (e) 900 °C.

3.3 Scanning electron microscopy

Scanning electron microscope
(SEM) measurements were performed
using SEM Zeiss EVO MA10 operated
at 10 kV applied to observe the surface
physical morphology of the activated
carbons from cattail leaves. In Fig. 3a-e
shows SEM image of activated carbons
without impregnated at different
temperature of 500 °C, 600 °C, 700 °C,
800 °C and 900 °C, respectively.
However, the high dense and low
roughness surface without the cavities
on the surface is show in Fig. 3a-b
which is carbon products performed at
carbonization temperature of 500 °C
and 600 °C. Generally, the pore and
surface roughness begins to form by the
release of volatile substances at the
temperature greater 700 °C without
activation process’, as show in Fig 3a-
e. Whereas, various pores apparently
found with the increasing of
carbonization temperature as seen in
Fig 3a-c. A wide cavity on their surface

is resulted from the thermal degradation
of hemicellulose, cellulose and lignin.
On the other hand Fig. 4a-e illustrates
various pores of the carbon product
performed by using KOH as an
activating agent. Furthermore, Fig. 4e
displayed the degradation of pore at the
highest temperature in carbonization
due to the effect of extreme
temperature.
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Figure 3. SEM images (300x and 500x)
of  activated  carbons  without
impregnated at different temperature (a)
500 °C, (b) 600 °C, (c) 700 °C, (d) 800

°C and (e) 900 °C.

Figure 4. SEM images (300x and 500x)
of activated carbons activate with KOH
at different temperature (a) 500 °C, (b)
600 °C, (c) 700 °C, (d) 800 °C and (e)
900 °C.

4. Conclusions

This study represents of
activated carbons prepare from cattail
leaves by hydrothermal carbonization
process  followed by  chemical
activation, the main parameter is
temperature which significantly
affected on the porosity of produced
activated carbon. The carbon yield
achieved by chemical activation are
higher than carbonization. According to
this study, we expected to prepare a
porous carbon from waste biomass
resource for direct reduction of
greenhouse gases which is the major
cause of global warming in further
investigation.
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In Fig.2a the functional group wos decrease when the
temperalure increase rom 500°C 1o 200°C the final product
was only pure corbon,
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hemiceilulose, cellulose and lignin.
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