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Abstract : Zeolite template carbon (ZTC) was synthesized as an adsorbent to remove low-concentration CH, from the atmosphere.
The synthesis of ZTC was performed using CH, and C,H, as carbon precursors and their impact on adsorption was investigated.
ZTC was also synthesized using Y zeolite ion-exchanged with CaCl, and LiCl as templates to investigate the effect of using metals
in ion exchange. The comparison of the carbon precursors revealed that C,H, had a higher carbon yield than CH,. The synthesized
ZTC exhibited developed micropores due to carbon deposition deep inside the micropores of the zeolite template. The kinetic
diameter of C,H, (0.33 nm) is smaller than that of CH, (0.38 nm), which allowed for its deposition. The study compared metal
precursors used for ion exchange and confirmed that the CaCl,-based ZTC developed more micropores compared to the LiCl-
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based ZTC. The ion-exchanged Ca inhibited pore blocking by the carbon precursor, allowing it to enter the pores. The ability of
synthesized ZTC to adsorb N, and CH, at 298 K was investigated. The results showed that CH, had a higher overall adsorption
amount than N,. The sample synthesized using C,H, and CaY exhibited the highest N, and CH, adsorption capacity. However, the
sample synthesized with CH, had the highest CH,/N, gas uptake ratio, which is a crucial factor in designing an adsorption process.
The observed difference was likely caused by the underdevelopment of ultrafine pores that are associated with N, adsorption. This
resulted in a reduction of N, adsorption, leading to an increase in CH,/N, separation.
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Table 1. Experimental Condition of Zeolite Template Carbon (ZTC) Synthesis

Drying Chemical Deposition Vapor (CVD) Heat-treatment

Sample Ton Flushing Carbon | Dillution Flushing

name exchange Flushing | Tp,y, | gas flow Carbon | T¢yp, | precursor | gas flow | Flushing | Tyu geament | &2S flow
gas (°C) rate precursor | (°C) | flow rate rate gas (°O) rate

(sccm) (sccm) (sccm) (sccm)

ZTC 1 LiCl N, 300 200 C,H, 450 24.72 361.91 N, 900 200
ZTC 2 | CaCl,-H,0 N, 300 200 C,H, 450 24.72 361.91 N, 900 200
ZTC 3 | CaCl,'H,0 Ar 300 200 CH, 900 148.81 323.14 Ar 900 200
ZTC 4 | CaCl,'H,0 Ar 300 200 CH, 900 | 223.22 282.74 Ar 900 200
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Figure 1. XRD patterns of the synthesized (a) ZTC 1, (b) ZTC 2,
(¢) ZTC_3, and (d) ZTC 4.
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Figure 2. TEM images of ZTC 3 (a) 5 nm and (b) 200 nm.
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Figure 3. Nitrogen physisorption isotherms at 77 K of (a) ZTC 1,
(b) ZTC_2, (¢) ZTC_3, and (d) ZTC_4.

Table 2. Textual properties of the synthesized ZTC adsorbent
measured via N, isothermal adsorption measurement at

77K

Sample name | Sper (M°g") | Vi (cm’g") | Vi (em’g?)
ZTC._1 214 0.04 0.14
ZTC 2 1286 0.31 0.53
ZTC 3 2114 0.61 0.68
ZTC 4 1470 0.4 0.24
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Table 3. TGA analysis result summary of the synthesized zeolite/carbon composites

Carbon fraction Peak deconvolution Relative (%)
Sample o
(&/Zucoite) ("O) Internal External
ZCC 1 0.18 582 651 8 92
ZCC 2 0.19 535 656 95
ZCC 3 0.30 523 575 100
ZCC 4 0.21 580 100
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Figure 6. Core-line XPS spectra and C1s XPS deconvolution of the

synthesized ZTCs: (a) ZTC 1, (b) ZTC 2, (c¢) ZTC 3,
and (d) ZTC 4.

Table 4. Binding energies and relative peak area after fitting the
Cls orbital envelope

Sample C-C C-O0 C=0
ZTC 1 22% 21% 57%
ZTC 2 68% 25% 7%
ZTC 3 76% 18% 6%
ZTC 4 72% 25% 3%
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Figure 7. Raman spectra of the (a) ZTC 1, (b) ZTC_2, (c) ZTC 3,
and (d) ZTC 4.

Table 5. Textual properties of the synthesized ZTC adsorbents
measured via Raman spectroscopy

Sample I Is I/l
ZTC 1 1686 587 2.8

ZTC 2 5275 1663 3.17
ZTC 3 25358 9176 2.76
ZTC 4 13964 4251 3.28
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Figure 8. Gas isotherm (a) ZTC_1, (b) ZTC_2, (c) ZTC_3, (d)
ZTC 4, (e) NaY Zeolite, and (f) Activated carbon. (A)
Methane isotherms at 298 K and (B) Nitrogen isotherms
at 298 K.

Table 6. Separation performance synthetic ZTC

Quantity adsorbed Separation
Sample name (mmol/g) ratio
Methane Nitrogen CH//N,
ZTC 1 0.072 0.029 2.482
ZTC 2 0.447 0.104 4.298
ZTC 3 0.6069 0.2011 3.017
ZTC 4 0.4514 0.1158 3.898
NaY zeolite 0.2152 0.0825 2.607
Activated carbon 0.741 0.238 3.113
Ao g =Xt CH/N, 285 3.11302 @2 Aog
srlstoth. W24 B4l CH,o] B4 mHlolA EX5)
+= I7gof|A] Van der Waals Forceol] 2]+ O]Eﬂo] BAE7] o
ol Algetol EXTh: FHzo] WA, N, ES 2L o
B F&o] 57| fzof ¥ BE=E EO]% Ao= LA
Atk

Figure 42] Pore size Distribution ¥4 A ¥}2} Figure 82 7}
2 A A3 0 52 H239 BAE S5, 064 nm
€} 0.90 nm 3719 v|A] 7]Fo] fids] Wt ZzTC 39 B¢
CH,®] A ato] ol 2t N2 FHFE W] theef g2
ZTC AEH T+ £250] FA= Fottt. whdof ZzTC 29] 73
folli=, ZTC_3Xth= & 0.90 nm =7]9] v]A] 7]go] He
3 lom, SAFE CH, tH] N, F2o] J2 Zlo] F83%
£402 wofslt v, B AGE vgo] U014 064 nm

°} 0.9 nm =27]9] 75 Teo] FAFI S B0 Y¥F=
HX]E Ao& gotEt
Table 7. CH, Langmuir-Frendlich isotherm
Sample Qmax b . R?
name (mol/g)
ZTC 1 1.2 0.00002 | 0.91 | 0.9900
ZTC 2 4.1 0.00001 | 0.97 | 0.9986
ZTC 3 5.5 0.00019 | 0.97 | 0.9993
ZTC 4 42 0.00002 | 0.89 | 0.9996
NaY zeolite 2.0 0.00006 1.13 0.9998
Activated carbon 2.3 0.00007 | 0.97 | 0.9991
Table 8. N, Langmuir-Frendlich isotherm
Sﬁﬁele (31?12) b ! R
ZTC 1 0.34 0.00019 | 0.93 | 0.9959
ZTC 2 0.29 0.00016 | 1.22 | 0.9981
ZTC 3 32 0.00002 1.01 0.9997
ZTC 4 0.5 0.00048 | 0.95 | 0.9964
NaY zeolite 0.5 0.00005 1.0 0.9997
Activated carbon 1.16 0.00002 1.2 0.9997
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