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WORAPOJ INTHOMYA: EFFECTS OF SURFACE FUNCTIONALITY
AND DEFECT OF CARBON ADSORBENTS ON ADSORPTION OF
CARBON DIOXIDE AND METHANE. THESIS ADVISOR: ASST. PROF.

ATICHAT WONGKOBLAP, Ph.D., 134 PP.
ADSORPTION/FUNCTIONAL GROUPS/DEFECT/GCMC SIMULATION

This thesis aimed to study the effects of surface functionality and defect of
activated carbon and single-walled carbon nanotube on the adsorption of carbon
dioxide, methane and their binary mifcture. This research was carried out both
experimental and simulation studies. For experiment, Longan seed activated carbon
(LAC) prepared in our laboratory has been used in two forms, original (LACO) and
modified sﬁrface (LACM). While the commercial single-walled carbon nanotubes
(SWCNT) used in this study are unmodified SWCNT, nanotubes with carboxyl group
(SWCNT-COOH) and that with hydroxyl group (SWCNT-OH). For molecular
simulation study, activated carbon is assumed to be a parallel pair of finite length wall
with perfect and defective surface, each wall composed of three graphene layers while
carbon nanotubes are assumed to be seven cylinders in a bundle, each cylinder
composes of one graphene layer. The experimental isotherms are obtained by using the
Intelligent Gravimetric Analyzer (IGA) at 273 and 300 K. For simulation, a Grand
Canonical Monte Carlo (GCMC) simulation is used to study the adsorption isotherm of
COz and CHj4 in any solid model and then simulation results will be compared with the
experimental data by using optimization function from MATLAB code to characterize

the adsorbent and also checking the agreement between experiment and simulation.



From experiments, the adsorption ability of CO2 and CHa in modified surface
adsorbents with functional group is higher than that on original adsorbents and adsorbed
amount of these gases in activated carbons is also higher than that in single-walled
carbon nanotubes. For simulation study, the adsorption density occurred at lower
pressures in narrow pore widths. It was found that gases molecules are able to adsorb
on perfect surface better than that on the defective surface during initial pressure range.
Then, pore density on defective surface is greater at higher pressures. For gases
adsorbed in carbon nanotubes bundle, CO> and CH4 shows greater adsorption capacity
if the adsorption take places in narrow tube size and the tube wall distance due to the
greater interaction between fluid and carbon atoms.

Finally, the result of pore characterization of each adsorbent and adsorption
isotherms obtained from simulation are in good agreement with experimental data. The
outcome of this study yields better understanding of surface heterogeneity on the

adsorption behavior.
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1 I'4 = g’/ dy Y
Nou1TuUAITUBY (Wongkablap et al., 2008 and 2009) ttaz lun1sany1asIHz lsnoul Tu
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(Wongkoblap et al., 2008 and 2009)
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Y o o J { 1 <3|
lumsaiuudiassianeu Tumsveunianyusgngugdaiuiy

q U

) 91 ¢ & v & { o {
nsanszveniy azldnewn TumSueuianesnisesnuilugiunmvasusaaas13lugii 2.16
9

4 an J 1 9 1 s & oA 9
NMININAAUVINULASHINTIVUA Tﬂmmazmﬂszﬂ@U"lﬂmmmmms”lvmwumwumgﬂmmu
=~ Y '3 A o s s ' %
HUYUIAUAUATUAUIN A (D) ‘VI’Jﬂ%WﬂﬂﬂﬂuﬂﬂﬁN@$ﬂ’t‘)ll‘U’ENﬂ?ﬁﬂ@uﬂullwullﬂiqwgﬂﬂﬂ

pzaouAsvouULHULNT IWFagegianu 1.42 A naggoeiaiogsgninAoauuenay
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=

o I @ X Z = 1 ' oA a l a
gﬂmwu@iﬁ’u,ﬂumuﬂi S “Tﬁsluﬂ1iﬁﬂ‘ﬂ1151‘5\1‘Ll%%llﬂff]\ﬂNi&‘l’T’JN‘V]ﬂﬂ*ﬂ%Wﬂ1iﬂ!1®§ljﬁﬂ\1%uﬂ
A 1 1 v v ] 1 ~ 1 A dy A o o A 9
o 6]5?]0'31053?7’31\11/161,1,’&'136])'@\1’\]1\11/]14%61]6\1ﬂﬁEN“ViiEJ‘WLl‘I/]ﬂTL!’Jﬂ!GI,‘LlL!U‘]Ji]1ﬁ’é]\11/lﬂellu1ﬂlﬁu

1 o 1 1 o 1 1 1
HIUFUINANND (Tube diameter) $119 € ?d]ﬂ 7,8, 10 40 12 A HasisEezHINTE 1IN0 (Tube
wall distance) D¢ 4, 7 48z 10 A aua1aw

o 1 ¢
2.7.1.4 gmvmamﬁgﬁanmu
] o A ] dy a 14 A 9 g’/ = [l
wilanduiedluiummsveunawsaszylsznn lauuiiognae

] [ I ] a ] 14 a 1= a 1 a 1 A

vy liezidlu wyleasonda nmSvetia nyuedn vyuanInia uazvy lnlsu uaie

[l o 1 d o a % [] a
anuazaInaemsanyvz lemssassnylsnsunuiigasudony leasonda (-OH group)

=

Ao Y s s 3 A Y
NY1ABDNAIYNTIINITSINYUDIUAUUTTA — T%uﬁ‘ng{uaﬂmwmam@maﬂcﬁmuuazﬂigﬂwm

= 1 ] ' Jo v 1A A dy a J
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2.7.2 uUUdIa09ve Ve la (Fluid models)

2.7.2.1 HUUIADINNY

=3 1

° ~ A o d A A
uuuma@wmummzmﬂymzimaqmﬂumqﬂaum@m NI
° v . . A~ '3 s s
LL']J“]J?]'IQ@Q"’IJENVI,WE]@EJNMEJ (Slmple fluid model) mn@ﬂg{uﬂﬂmﬂmaqameaumm—huﬁ

1 90 TasTvuialuanainizendn Collision diameter (Of) YBITINUAD 3.730 A HAZAINAIIIY

a [T

Y 1 A =\ A =\ 1A
NULDHID Energy well depth (€+/K) ¥03lmuAD 148.0 K lasligainigiitaznuauingaogi

U

190.6 K t4ag 4,600 kPa
o d d
2.7.2.2 wuudassmsuaulasonlaa

° s @ = ¥ 2 ’ o
LLU‘U‘DT@@QﬂWﬁ‘U@ullﬂ’t‘]'t’)ﬂll"“]fﬂcluﬂ1§ﬂﬂ]&l1ﬂﬁﬁuﬂ$@§1uaﬂymg

1 % =

4 s s { '
Tuanatauuiia-Tauda uguinaliEoaenun3ofi3en11 3-center-Lennard-Jones (LJ)

. | s s 1A ! a ?
molecule NTussBaMilonauIia-laudeghozaounaziidszy Iiihiuaaslsuavesing

U U

lll 9| A [ A J a J a
Wl1150 Quadrupole moment Aauaadlugin 2.17 uazar1nslwe ¥ luianaves

o A A 3 v YA s
mSveulaeen lyaniaus lag Harrs t1ag Yung (1995) 0 lauaas13a1519 2.1 Tasasueu

a [

lavonluatiguuniinazanuauingasgn 304.18 K 1ag 7,380 kPa agauaududaf 273

U

1Az 300 K 9g9 3,458 kPa Liaz 6,716 kPa ANa 191

Charge and Van derWaals
center for carbon aiom

Van der Waals center for oxygen alom
Charge center for oxygen alom

{ @ s s
700 2.17 TassadnTuanaunusudouvesnsvoulaoon lus (Harris and Yung, 1995;

Tsuzuki et al., 1996; Do and Do, 2003)
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AN 2.4 WWiWﬁL@@%L%QINLaQaﬂJm 3-center-Lennard-Jones model Up3mivoula

4
200 le (Harris and Yung, 1995)

parameter value parameter value
¢ 2757 A &k 28.129 K
o>° 3.033 A 20k 80.507 K
q 0.6512¢ q -0.3256¢
2O 1.149 A

L L |
Tas o' Aevuinozaanved i U ¢ Mk Aendesnuiuenozaoy i
=1 ~ 1 | A 9 . C-O A 1 4 1Y a
Hanuades @ ¢ Aeilszy lihvesezaew i nag )° Aeszezsznimiveunueendion
J 4
TuTuanavesmivou laeon lag

o v J o
2.7.3 HUVUB1ABIANYNWAINY
o v J o 9 2 A o = a 1
LLUUﬂ']ﬁ’ﬂ\iﬂﬂfJWa\NTL!QﬂﬁﬁT\‘]GUuiﬂLW@ﬂ']u@ﬂlL!ﬁﬁﬂﬂlﬁuﬂﬂﬁgﬁUTQTMLaf}ﬁ
< o [ =\ =
GUfN"ll'ENllﬁﬁ - GU’ENUlWa uamaﬂwa - 51]’E']\‘ILLGlNGl‘LlLL‘U‘UFt]'la’ENﬂ'li@ﬂ‘;]fﬂjﬂﬂlliﬁlﬁw,ﬂﬂﬂ
% 1 da)
aage l1lil
o v d o d d
2.7.3.1 4UV1a0IANYNAINHYDUAHUHUIIA —Tm!a
v o ~ 1 1
ﬁﬂﬂWﬁQQWUﬂJ@QL!ﬁQﬁ@LWUEJ'J‘?ZW’J'I\?I?JL'QQ'@5314')1\1@1:}511?]"11@\11114@

o 14 o
ﬂggﬂﬂ'lujmg{jﬂﬁuﬂ'ﬁ!auu'ﬁ@ = Ii]uﬁ 12-6

Upp = degy [(?)12 = (?)6] @1

Tagh g7 1102 07f ADATNAINIUAULBHT O energy well depth 1103
o o 1 A ' ' & v Y oA
e Turanavesved lnamuday diu r ADTZezHINTENINOYNIA FUNDUUTNAIUG0il0
A v X a @ dﬁf A 1 v Y '
YOIANNIT 2.1 ADINOUUDILTIHANTIIINAUTIHANVUINDTZH2 1 1NTEUINOUNIATOINI

~ A A = o = ~ 1
O'ff 11!‘1]‘@1!37]Wli’)llT]ﬁﬂﬂﬂﬂlﬂﬂumﬂﬁllﬁ\iﬂ\‘]ﬂﬂIﬂfJWa\3\ﬂuﬂﬂlﬁuaﬁigﬁjhl\j@iéﬂqﬂsll@\illﬁa
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J a3 o { 1 @ @
Ll,a8@5ﬂf)iJﬂWﬁ‘Uﬂuﬂﬁ'liﬂﬁf]ﬂWl!'JmﬁI'JfJﬁﬂJﬂ'lﬁﬁ 2.1 L%uﬂuiﬂﬂﬁ’)uﬂﬁ Orf uag Er KA

UNUNAIY oy 102 &p MUTIALTIRILIN1A91NYVBI Lorentz-Berthelot AANNS

/
sz = (SSSSff)l 2 (22 a)

Osf = (O-SS + O'ff)/z (2.2b)
Iﬂﬂ fuag s Llﬂuellﬂﬁhlﬁallﬁgel]@\ill%\‘iﬂ’]ﬂﬁ1ﬁlﬂ

2.7.32 wopdreewsamalihvesnaeus
Tunsainfidszy IihuulaseadaTuana usssynnaTuanaduiv
! v

Y o o o y o
vz@oamuannsan lihswde Taverdenguosgaouil (Coulomb’s law) 1ivof1UIAILS S

Tthadadsznialszqnlszezing ruaziilsmanlszy Idihie g; uaz q; ey 1d

¥ A

1 L 1
’mm@aauﬂ 1) nmwﬂizquuﬂa

. qiq;

 4me,r? @3)

A = " . A 42 ~20e1 -l
LJJ@ﬂ]ﬂ']ﬁ‘:]ﬁJW']uQ'ﬂuJﬂJu”lﬂ'IﬁGU@Q Dielectric (80) 9 8.85419x10 "CJ m
2.7.4  52T8VI5AMUIM Grand Canonical Monte Carlo (GCMO)
= ad o 2 Yy = ° Y A g9 ' Yo
GluizL‘]JEJ‘]J'Jﬁﬂ'IU'JmuFle]@QiJﬂ'l'iﬂ'lﬁu@ﬂ1¢nLlf]Jiﬁll@lu’d’lllﬂfl,ﬁﬂ‘ﬂi$ﬂﬂ
9 1 a Vo AR = A ~
Vl,ﬂl,!,ﬂ ﬂ%ﬂ1§li§W§u Qmwgmmazuu asAanyn G]Nimllﬂ1iljﬂﬁ@u1/]"llf]\1f]15lﬂ1ﬂcluﬁ1h
anyazie MInlasudunmug (Displacement of particle) MIUNT AN (Insertion of particle)
mem‘igﬂﬁﬂﬂ’ﬁ]ﬂ (Removal of particle) (Frenkel and Smith, 2002)
1. maagudnuseyMA 81NN YNIENUUDTULAZIZTEONT VNS

a o vy v 2 Y ] I [
WaguauuInIgany U iaen 1N UAIa NS

acc(s = $) = min(1, exp{—LUGN) — UMD (2.4)
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= A A = 9
2. ﬂ]i!!ﬂiﬂ!!ﬁ$ﬂ1§ﬂﬂﬂ‘l§ﬂ1ﬂﬂf]ﬂ @Hﬂ'lﬂ‘ﬂg]ﬂLW]iﬂWi@ﬂ\‘l'ﬂﬂﬂHﬂqﬂju

o ] {1 g [ ] I [
mgmmﬁqmﬁaﬂuu%xaammmmiﬂﬁaﬂmmm%mﬂumﬁumi

1%
A3(N+1)

acc(N - N + 1) = min “1, exp{flu—UN +1) + U(N)]}]l (2.5)

u,axmeJ%"umﬁﬁqeeﬂﬁ’aﬂmmﬂwmﬂuﬁ’mumﬁ
. A3N
acc(N—> N—1) = min [[LTeXp{—B[u +UNN-1) - U(N)]}]] (2.6)

e B Aodunaugurgl (1/k,T) 11az k, A9AIAIN Boltzmann
AfPANB1IAAUAIINI BUVDY de Broglie (Rowley, 1994; Frenkel and

Smith, 2002) FIAUIBAITUNT

3
VO'L'l'

3
(2.7
holeNa
1 ZﬂMWiTkB

e v e 1511a35313 (Pore volume)

oy 1o VA Tuanaved i
T ~ v -
h, Ao MAINUBINAIA (Planck’s number) = 6.63x10™ I-s
N, Ao A1N9Nve99119n11AT (Avogadro’s number) = 6.022x10” mol”
A
MW, fio wa luiana

A

T Ao gungl

[
= =

4
k, 1D AnaNvea luany U (Boltzmann’s constant)

= 1.38x10-23 J/molecule-K
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[

é g}/ o 1 U = tﬂy
Favunoulumsmdurisveseyninluszau Tumanalagil
o 1 A 9 @ A Y o
1. Mruan s uANYeIa L5 lgauin
o 1 =) d' d‘ o 1
2. Mmsguiaen Iuananszasudinmug
o A I = o ] I
3.auaa AE ndlumsilaguuaanasaiuvesssuy 91 unaa1nan
AADUNUUUFNUDIDYNIN
] H o 1 1 1 4
4. wousumsnlasudumialna 81 AE eenigud @anudaios)
o A o 1 1 3/ 9 1 d Y o
s.mmslagudimuaInidnase 81 AE 1100108 A28n15A1UI
transition probability (w = e_AE) ﬁ’%)%‘]ﬁi]mﬂlfj’ll (Random number, r) ﬁagﬂm}aa [0, 1] Tag
@ A Ay A A Ay
gONTUMIIAADUNDT w > r Azl YasmInaouno w <r
6. MUIUAUAVTANNININ
d' o 1 1 gOJ ~ g’/
7. mmslasudmumia TluanauuuguesIonasa

8. MIAUNDBVDIAMUANIAAN 9] (Rowley, 1994)

2.8 m‘sﬁmamﬁuﬁﬁ’auazm‘snszmﬂmmﬂgw‘gu (Pore Characterization)

= 9 < Yo a 1 =
msany Iaseaimelugnguvewdsldsuanuanlyluvarsavdsusu al
a 4 z:ld' 1 [ 4 % @ 1 aan Y]
Fenssumanitazimalulasau o wuddgenaas luszauun Ty dusalfnsewaz iagga
9 F
1 TaglunisAnyinsetivziimawsendoyanmsnsznevmiasniu USuasgngusiu uaz
Ay d’a o 9 o = Aad @ o
Hunmsumzdremamuniouiisura lo lsiiunsgasunnmMInaaoaz iy uTIad
A ' 1 A
ABUNIAUNDT (Toth, 2002; Do and Do, 2003, Wongkoblap et al., 2010) Tua195uusANISANYI
Tassardumelugngurzesiediensnszarevuia luana lugevuiagngunsunzIzeg
[ . ~ Y Aa Y ] A a o .
IUANMNT Kelvin #5050 14 Tusragnguvuanais (2-50 nm) Minails1ngn1sal Capillary
. A Aax A A Py ' 2 A v '
condensation HI935N17UDI Horvath and Kawazoe ‘I/IEJ‘ﬁUWEJhlﬂGlu%NgWEWUUMLaﬂ‘ﬂuﬁ)ﬂﬂ’ﬂ
~ a d a < A Aa =1 ~ [
2 nm Nvzinalsngmsaliau@ugngy (Pore filling) MAAIINAITHUTIBAKTHITLHIN
Tuanafgauin (Ravikovitch et al., 2000; Toth, 2002; Do and Do, 2003) Tutlagain1atin15ii
' Y
WasmuaniuadouiniuanlFlumsdny Tassa3 193wy Density functional theory
(DFT) 1@z U129 Monte Carlo (MC) simulation 1613130111150z 100M1A3 WU 1A Tu
1 o o 4 aa a
NFvUIa lagorderannisgarnamans lugluuuadawalumana (Molecular statistical
. A9 9 o = Y ' o o o
thermodynamics) 1 1¥iHan1sAmuIvngnasaiudwazlszrdanarlumsdiuia Tagly
= g dy ya . < an [ o
N15ANEIATINL1¥IF Grand Canonical Monte Carlo (GCMCO) Lﬂuaﬁwaﬂﬁlumimam%

ad o 1 . ad 7 I J
TansunsgadulugwguvuIna1e q (Local isotherms) Taa'lo Taniisumaniuvziiluainim
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wumiumelugngunanuaua g  Nunuaieaauis p (mole per unit cubic meter volume

1 Y o a J [
of pore) Tﬂﬂﬂ']'m‘l’ilﬂlluualuﬂ'lﬁﬂﬂ“lf‘ﬂﬂl@\?ﬁ?ﬁﬂﬂ“]ﬁﬂ“ﬁ“ﬂﬂ?iﬂﬂuﬁwLlﬁﬂﬂﬂ\‘lfmﬂ'ﬁ

(0]

C, = fp(P,H)f(H)dH (mol/kg) (2.8)

Oss

A A a ° 3 A Y '
We fH)dH A9 YSu1asdumie (m /kg) VOIFWTUNUANUNINTENIN H uay H+dH

q

Faaumsn 2.6 aNso@eu liasarazAInNABNIMUIUAIANAT

M
Cu = Z pi(P, H;)V;(H;) (2.9)
=1

e M Aediurunguuesgngufiinnsanlunsminisnsznevunagngu p, fo'lo
Tanfisuanumuiumelugnguusazanalungugnguiiionsanifianun H, 1ozl
Yauastume v, WennulSnasvesnn g nguudl xamsomuIa3nasgngusm
v‘?’amJ@15”@ussiﬂfjugwguuiﬂﬂuﬁqﬂtjugwguq@ﬁ'wﬁmmﬂﬁﬁq H, #enasml3inasiamua

AIANNT

M
Vr = Z V;(H;) (2.10)

j=1

=< 2’, dy o 1 Aad o = Y
TaglumsAny1ATIH9ZNITAIIa0U 10 TN T NINLUVIIADIUANUADANADI
[ ad [] . o
'l Tamsuanmanaasanio luTasld1sunsu MATLAB &9z ldmanszateunna

Tmaf]a511’t’NGlJ’eNLL%Q@@ﬂJJW”Iﬂﬂ”ISﬁ”Iuﬁmﬁﬁ}QEJ (Do and Do, 2003; Wongkoblap et al., 2010)

2.9 ﬂqyﬁmsazmﬁ@ﬂcﬁ’uqﬂmﬁ (Ideal Adsorption Solution Theory, IAST)
A k) ] 1 1 a3 Y] 4 & 1
LLli’)\1ﬂ'J833‘]J‘]JE]ﬂG]ﬁJﬁ?ﬂiﬁ@tﬂﬂi%ﬂﬂﬂﬂ%ﬂﬂlﬂﬂqﬂaWa"ﬁl@ﬂﬂﬂigﬂ@ﬂ HIYINABDNIT

a Jd A [ g; a s A
’JLﬂi"ISWﬂiﬂ”lmﬂ"liﬁ]ﬂ“b’ﬂiuﬂﬁﬂﬂaﬂﬂ ﬂzuuﬂ"liﬁ%)NGljﬂﬁ?Jﬂ”Ii‘lfl”IQﬂmﬁﬁ"lﬁﬁiLWdﬂi%ﬁﬂH”I

2 I o A Y

Y < o W : o 4 v Aaw
msgaduasnanIuiludsdiny delutgiuldiininemaaitazinideaseygaaums

dﬁf A a o Y Y A [ 3 a ~ j’
GUHM1M1ﬂM1ﬂLW®6‘ﬁ’]ﬂflﬂﬁﬁ]ﬂclﬁj’dﬁWﬁnﬁlﬂul@aﬂﬂﬁLﬂEJ\?ﬂ“]Jﬂ’JHJL“]Juﬁ]i\uﬂﬂﬂ’c:fﬂ Tﬂﬂwugm
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= A ga‘ . A 9 ) o Qdy
NITANHUTDIULITUNIVIN Myers LLDE Prausnitz ‘VlllﬂLﬁu@“l/lE]HQ?H?@S@W?J@.W%UQ@N?WIGUH
) 1 [2J =y = ddy Y Y ad v a o 2] 1
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azﬁlﬂﬂﬂigﬂ@‘]JVI’E]QGLL!ﬁ'IiWﬁllllﬂﬂﬁ/]'lHWEJﬂ15?;]ﬂ"lf‘]JL!ﬂﬁNﬁiJ"lJ@Qﬁ1§’ENﬂ‘]Ji$ﬂ@“]JL‘Viﬁ'IL!‘L! (919

a J @ = i} ~q Yo 9 ax v 1 cgj
annonade, 2554) Taslgaaumsiugiuilsmuindieds IAST asae 11l

N
1 _ Z Xj
e L, n? (2.11)
Py
o _ o 0 gpo = A
@ — R,T = _J P_iodpi = @ = constant (2.12)
0
PYi — PiOXi (213)
N N
in=zyi= 1 (2.14)
i=1 i=1
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210 MANN3UVBINIIQATY (Heat of adsorption)

~ X

) Y 1 4 a ) v 3
Gll!ﬂ13@]ﬂﬁlﬁJ‘ﬂNfﬂfJﬂ'lWiJﬂ%3W‘]J'Jnﬁ’é]qﬂ!ﬂﬂNq\‘lelluﬂﬁuTﬂ!ﬂWﬁﬂﬂ“ﬁUﬁ]%ﬁﬂﬁﬂ@ulﬂu

U

Y]

v Aa 2 A A o ¥ = A )
Wa%'lﬂﬂ':anﬁﬂuﬂlﬂﬂﬂlu%’lﬂﬂ’lﬁﬂﬂcﬁﬂﬂgﬂﬂ'lfl@ﬂﬂ?J'lHJfJT?JlaQﬁllﬂﬁﬁﬁ'l\‘]ilﬁ\?ﬂﬂlﬁl!ﬂjﬂﬂ
k4 Y
a o ° o A ] <3
nugaduihldoyunmagaduligurglgau viin luaunsoszuiennuiouseniiabne
= ) Y [ g’/ a 4 o = 9 [ 9 v A
%Qﬂ'ﬂﬁﬂ'ﬂﬂﬂqjﬂﬂ'ﬁﬂﬂ“ﬁﬂﬂﬂaﬁ (@Nﬁﬂ@]ﬂf}a“ﬁﬂ, 2554) FIVOYANTAINIDUVOINTIAATUY

o w [ @ A, 14 o
AnudRyuInAeNsANEITzULgATY Taedtnguunamdaaignihuldadwannislu

MIMUIVHIAANVTEUINMTATUAIINMTO ATy agurnltazaNua Ui deula

U Q

{ o o { A I 1Yo o 4 1 o
Tvazhdmaulvaveseynmagasuasiguiluniinnuluge “ainnuiounisqadule Ta

QU

Afes” (Isosteric heat of adsorption) A4ANATN 2.15

st

B <6lnP)na _ q 2.15)

T R,T?

4 1 o 4
e g%t Ao manwioumsaadyle Tudifes (Isosteric heat of adsorption)

ng e 91w luavedsyningaF

[
Ao o

: g 4 ¢
Faaumstitlundannulusoaunisuusisen (van’t Hoff equation)

4 o o o as Jd aa
TagiieymsAnpuUTIIaINsgaTIRIeIsgurnarmaasana lugluunsziou

ax

o 1 o 4
B Grand Canonical Monte Carlo (GCMC) aunismiuiuainnuioumsgadule Tyadoioz

@gﬁﬂuﬁmmmiﬁ 2.16 (Nicholson and Parsonage, 1982)
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st = INZ) — (N)(N)

+ kgT (2.16)
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Wandu'leasenda (Hydroxyl group) lazA15uenda (Carboxyl group) Nz lgdnyinana
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carbon, LACM) ﬁ’aﬂﬂizmumiﬂ‘izé'umqmﬂmw (Junpirom et al., 2008) Tagmniz LACM 9
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{ Aa P 4 ' x> ' v o o <
ﬂ']ﬁ']\?ﬁ 3.1 WaN13UNI1EH Boehm titration Lﬁ@ﬁqﬁHﬂQﬂ%uﬂl@Qﬂquﬂllllu@ﬂ']ﬂlllﬂa']llﬂ

(Boehm, 1994 1182 Klomkliang, 2012)

S BT 1otV nsATIN | Wymiuenda | wyiluea | wijuanIniin
2UANIUA
(mmol/g) (mmol/g) (mmol/g) (mmol/g) (mmol/g)
LACO 0.72 0.62 0.049 0.23 0.34
LACM 0.97 1.24 0.128 0.50 0.61

= = L Aq ¥ v o S o
FIINNITANYIVDI Junpirom et al., 2008 1/]1613"!2]11!ﬂﬂJ‘JJ‘IJWIﬂﬂLNﬂanlfJGluﬂﬁ
v ao' Y a Jd A Y o :; o d' % 1 d' PR
AABUUN ”lﬂilf‘nﬁ’)mi18ﬁﬂﬂlﬁhﬂ@]ﬁWﬁﬂ1’JﬂWﬂiNﬂ 3.2 Taamyiua¥en198199 1931 LACI

U q

LAC2 182 LAC3 1 % Burn-off a4 9 14 1umsessuaunuiueg

{ wa J v o I S o .
A1519% 3.2 F;I‘EL!ﬁMU@]gW?HﬂJ@QﬂTHﬂMﬂH@]ﬁWﬁfJiJ%']ﬂlllﬂﬁﬂ,fl (Junpirom et al., 2008)

BET surface Micropore Meso- and macropore Total pore
Sample % Burn-off s

area (m’/g) volume (cc/g) volume (cc/g) volume (cc/g)
LACI1 19 538 0.20 (74 %) 0.07 (26 %) 0.27
LAC2 26 705 0.26 (70 %) 0.11 (30 %) 0.37
LAC3 60 1,204 0.41 (54 %) 0.35 (46 %) 0.76

Y
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{ wa J 14 @ { a o
A15197 3.3 Gﬁlmgaqmﬁuum@m@uﬂumimuwm@mmqmﬁﬁﬁmﬂmw Chengdu

Organic Chemicals Co., Ltd.

ﬂﬂlﬁ'wﬂm SWCNT SWCNT-OH SWCNT-COOH
-OH content (mmol/g) - 2.3294 -
-COOH content (mmol/g) - - 0.6067
Outer diameter (nm) 1-2
Length (um) ~30
CNT purity (%) > 90
Ash (%) <1.5
Specific surface area (m’/g) > 380

! I o A AN 1 a 1 > Y
I@EJVIE]‘LHI‘L!?]W‘JUE]IJNHQL?]EJ’JLHJUTIUlmm\lﬂylﬁiﬂ%u (SWCNT) 1871n135
a 4 va 4
AUATICHAUTNUAINTU A181AT09 Accelerated Surface Area and Porosimetry System (ASAP

4 v _— < - o <
2010) Hededeyamsgasuund luTaswungangl 77 K audaaluaisiai 3.4

A o 1 J o A A = a ] Jd o
ANTINN 3.4 ﬂmﬁum\;ﬁwguﬂlmﬂauﬂumiuauwmmmﬂuumimnwgﬁﬁﬂ%u (SWCNT)

Analytical method Porous properties Values
Micropore surface area (m’/g) 512
Dubinin-Radushkevich data p
Micropore capacity (cm'/g) 117.68
Micropore surface area (m’/g) 357.78
Dubinin-Astakhov data ;
Limiting micropore volume (cm’/g) 0.1519
Cumulative surface area (m’/ 2) 52.19
MP method data 7
Cumulative pore volume (cm’/g) 0.0151
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313 nsesianuiidinazlnsead1a3wsu (Accelerated Surface Area and

Porosimetry System- ASAP2010)
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1 1 ] v g o 1 [ y
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Wdwes Met1emines AVOINTNLADT
T QUMY (K) 273 Az 300 K
6.5,7.0,7.5,8.0,8.5,9.0, 9.5,
H ANMUNIvEIgNTU (A) 10, 11, 12, 13, 14, 15, 16, 17,
18, 19, 20, 25,30 A
CarbonLength ANNEIVOWRULANT T (A) 60.0 A
Neycle WIOUMIMUINIUDIYATNAA 30,000
Neycles WIOUMIMUIUMTTUAIOIN 30,000
PressurePa ANUAUGIALYB U a0 10 Pa
FinalPa ANNAUGAToVBIUDTI0 20,000,000 Pa
é?ﬂe'nuéuﬁ’ummﬁuﬁaﬁcﬁw;ﬂ
perdef : 0.006522
@18 r1ie)
effrad mum%’ﬁﬁmmﬁnmﬁﬁﬁwgﬂ 4.92,5.0 182 5.5 A

- U a a’d'g} Y o 4 1
#1319 3.6 mwwmmeiﬂﬂaumqmmﬂsummmamgwgiumsuammumamaﬂiwaﬂ

Wsiimes fMoTUIeMIneT A0S
T gl (K) 273 18z 300 K
TD yinadurIUgudnae (A) 7,8, 10 8y 12 A
TWD ILOLITHINHIING (A) 4,718y 10 A
Neyele WIOUMIMUINIUDIIATUAA 40,000
Neycles WIDUMIMUIUMIGUAIDEN 40,000
PressurePa mmﬁuﬁ'nﬁ}ummgmuﬁmm 10 Pa
FinalPa AMUAUFANBYD IV LTIAD 20,000,000 Pa
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Grand Canonical Monte Carlo simulation

\
Input Data

J

Chemical Potential Pore Volume Temperature

1 < cycle < 30,000

!

1 < move < 1,000
2
Calculate potential energy before move {Old)

W
Select the random number

J

Calculate probability 6f each type of move

A

\Z v
Displacement Insertion Removal
of particle of particle of particle

Calculate potential energy after move {New)

v

(Yes) If potential energy of (No}
— Acce_p? old Old<New<0 e Acceptnew [—
position position

>  Average properties calculation [<

v

Print Results

31U 3.6 upuAIMIAIIBILUTIAaIA1875 GCMC Tudruvesnmsiadouiioyniaunugy

HAZMIMUIUAURAIVDIAUAVIAAN ¢ (Rowley, 1994; Do and Do, 2003)
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Isosteric heat of adsorption, Qg (J/mol)

Isosteric heat of adsorption, Qg (J/mol)
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Isosteric heat of adsorption, Qg (J/mol)

Isosteric heat of adsorption, Qg (J/mol)
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Pore density (moI/m3)

Pore density (mol/m3)
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