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3 ' Adsorbed Natural Gas (ANG)
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1 'Liquid Natural Gas (LNG)
2 2 Compressed Natural Gas (CNG)
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1 2 Chemical Vapor Deposition (CVD)
3 Carbon Nano Tube (CNT)
3 Functionlized Carbon Nano Tube (FCNT)
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Fig. 1. Methane adsorption apparatus

Pressure gage

g

vent

Gas source
1 vent
- e —Jq
3
CH, .
Valve

Pump
11 >
9— adsorbed reactor
= Heater
/ B
10

> ><]
5 7

Storage reactor

Obie 315 s oliwd Silend Y JSUS

Fig. 2. Schematic of Methane adsorption
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Scanning Electron Microscopy (SEM)
Transmision Electron Microscopy (TEM)
Fourier transform infrared spectroscopy (FTIR)
X- Ray Diffraction (XRD)
Brunauer—Emmett-—Teller (BET)
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Fig. 3. TEM image of the pure CNT
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Fig. 4. SEM image of carboxylic CNT

b ) odd sdalin Sy 5l S ad o Ol 5,Sles g
9 )JLT 1) &S Jw.»l;uo oolo )L>Lv P uol> SVgm dg>g olidd uL.:»J
Mbele s ()5 dglgil oo jiw Glyie d929e Sl (ow)p
oy amd e i 0 S &S gebilen 8 Wl 1 o] i
@ bop cuiy @ ogge by CMTIFYA 5 \SYQ XYY
C-O Lo g Cc=C Lgu ¢ My)f ‘_gLoLc 09; O-H dL&:Ju?u

YY) asly e

AU gy (998 gy So yrgead 53 s g (pdg) blE 292

ol @8y sl b LAl > Gl e JialS g ety LB
5 lakele diges ¢ JSuio

Alge ep edle axdl miw cab jl odel cunts cab o

$laay)5 21 35 oy |y Blglyls s, 00 Sl ke (slaog,S

C;&L; Ls)«"""'ﬁ"” L;Lb.\.’}u .>L’>u‘ )l oliiw] L 9 C.la.u u.d)sl o u_LoLC

YVYF



VAYA B YIYY docio VF ) Jlo & oylous OF 093 ¢S ool SilSo uoio &y

92;
8 au-f
o
BSi
Bdé
62-i
BO%
781
40;‘10 ’ ’ ’ ‘ BShD ‘ ’ ‘ ’ SHhﬂ ’ ‘ ’ ’ 2560 ‘ ‘ ’ ’ ZHIOD ‘ ‘ ‘ ’ 15Iﬂ0 o ‘ ‘ m'mn ’ ‘ ‘ ‘ Eﬂlﬂ
Wavenumbers (cm-1)
Aodgil digod 31 ol Cowd 4y 048 (90l drnil guiow b .0 JSW
S 91,5 bawd lalele
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Fig. 6. XRD pattern of carboxylic CNT
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Table 1. Bet analysis of functionalized carbon nano tube surface area
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Fig. 7. a) Pore volume of CNT b) N2 adsorption/desorption 70 K of functionalized carbon nano tube
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Fig. 8. TEM image of graphene porous
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Table 2. BET surface of graphene
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Fig. 9. a) Pore volume of graphene b) N2 adsorption/desorption 77 K of porous graphene
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Fig. 10. XRD pattern of graphene
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Table 3. Properties of activated carbon
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Fig. 11. Isotherm of methane adsorption a) CNT b) functionalized carbon nano tube
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Fig. 12. Isotherm of methane adsorption of activated carbon at 28, 45, 60 0C
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Fig. 13. Comparison of methane adsorption isotherm via CNT, Functionalized Carbon Nano Tube and
activated carbon at 28 0C
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Fig. 14. Isotherm of methane adsorption of graphene at 28, 45, 60 0C

ol 00y B yae fewslio p ol Cole 3 g Cusl oAl sy YA °C
sly lme Blpodl jlade g dilae dw ya 4 byype sl el polia
S ase oyl Hlde dn gl sad (5150 Jods o dolee
Sools b 5 3,50 pyigs) it il osins his a3l iSios

Al o 2Ll

g8 9ol Gl (ad sl pignl (m (lavalie VO S 5
93 &y YA °C clod 53 ool cawd 4 aBislojl (claodly b (pSas
3 9900 4 dagil & Cunlad I O g0 lalsle 5 alls gl wiges
o O Jgan )3 a8 dolae dws (glp odel o 4 ' jlne GBIyl yolie
Qlie il (uiiny ly pygnl dw a8 doxiS (g e ul 00
slr pronl Crcelie Jy 035 casbie Jlilsle 5 alls dglsl )
o ol sle Bldl e &8 |y adlise 29055 g5l el
Lol 305

Jub o0)S O g9y e ol (BT p 5ol V8 JSE )
Sl g gt (geSY gl Jas dblre aw b YA °C (clos
apiapl ppop VS wile 0 Jlges (! yd Cuwl ol duwlio
(+/2390) jlme Glool ke b 0aS5Y pyigsl coalKisloj] (slaosls

Al e

1 R-Square

» Jsbsae S O3l ey olie 5 Gl pgnl V¥ USG5

L¥r g ¥ Ve Ve glaylid 9ol S ol as 0 e o ¥O FA clod aw
Lot ol 58 Jlde LialS Wgy 35 400500 (pl 53wl onid ool oyl
P el plp e (i oS sk 4 Db e o> Loy il
Gb e lis 5 YA °C lod j Jlade opl el oss j3,)55 YA °C (slod
o & Cans gyt s Hlade a5 Conl odel cows 4 Y- mmol/g
Olieo &g b 0l plofsg pdaw Coluns 23l5 o0latnl 350 (sladls
e 3 as s yol (pl g 039 Sl b Sl ity s VL x5S
tow Colue (Cuol oads oolaiiwl 5y90 (sldl plu 4 Cuns LA ]
Weem'/g  ord plodl mhaw 6550jll pyignl 3T ilba 3,5
dglgil 5 0F M'/Z aw colus b Jd 3y b duglie 1 oS odgy
565 08,8 Shas o)l )l (gyiie sl ke Yo MT/E L S
Fowlio b e 55 laJsse 5155 lp ol o 4 Cos

D)5 o B g oad ol Slyis )y coly 4 ol 55 g 039

ool Yol 5 AL sl gl sl -0 Y
Trg (5 g g8 905V (ool dlas dw ipgd Juab 5
3 osel cad 4 aBislojl (claodls ol i LiSw opl yd s ool
otn sl pgnl b osliiul )50 gl (sl 0dd Gl B ke

lod 53 1863 g gl seSY e ygnl Jad VYol lawgi ol

YIYY



VAYA B YIYY docio VF ) Jlo & oylous OF 093 ¢S ool SilSo uoio &y

YA C sl o Lodls 5,Slos dwglis .F Jous

Table 4. Comparison of adsorbent at 28 0C
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Table 5. Isotherm parameters
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