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Abstract —The selection of a suitable adsorbent for removing organic sulfur compounds tetrahydrothiophene
(THT) and t-butylmercaptan (TBM) from natural gas has been carried out. The saturation adsorption capacity
for the sulfur compounds were determined by pulse adsorption method for a group of nanoporous materials,
including Na-Y, Na-ZSM-5, Na,K-ET(A)S-10, Na-Mordenite, Na,K-Clinoptilolite, TVMCM-41, Ti/SBA-15
and amorphous titanosilicates. Among the materials tested, Na-Y and Na,K-ET(A)S-10 zeolites showed high
adsorptive capacities for THT and TBM. The saturation capacity for THT on Na,K-ETS-10 was comparable
with that on Na-Y zeolite, which is well known as an effective adsorbent. The capacity and adsorptivity
for THT and TBM on Na,K-ETAS-10 were improved by an increase in crystallinity of Na,K-ETAS-10. An
investigation of the competitive adsorption between THT and TBM from the breakthrough test using a
simulated natural gas indicates that Na,K-ETS-10 selectively adsorbs THT. The breakthrough capacity for
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THT on Na,K-ETS-10 was 1.19 mmol/g. The results show that the high adsorption performance of
Na.K-ETS-10 and Na,K-ETAS-10 is due to the highly exchanged cations in the zeolitic structure which
exhibit the strong electrostatic interactions with organic sulfur compounds and their wide pore nature.

Key words : Adsorbents, Natural gas, Organic sulfur compounds, Desulfurization, Zeolite, Fuel cell
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Figure 1. Schematic diagram of pulse adsorption
experimental apparatus.
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Figure 2. GC spectra for TBM and THT from a
simulated natural gas.
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Table 1. TBM and THT uptakes by zeolites and
mesoporous materials

BET TBM uptake THT uptake

Materials (m’/g) ?:2121)/ (g S/g-ads.) (;_l;ggl)/ S/gff ds.)
Na-Y 900 1.08  3.46 132 4.3
Na-Clinoptilolite 202 022 0.71 009 029
Na-ZSM-5 350 032 1.03 038 122
Na-Mordenite 400 046 147 046 147
Na,K-ETS-10 393 079 255 116 3.65
ﬁg‘r‘fé};}fgﬁe 984 0.07 00024  0.03  0.0010
Ti-SBA-15 860 005  0.0017 003  0.0010
Ti-MCM-41 1045 005 00016 002  0.0006

Note : Adsorbent 2.0 mg, 30 C, TBM (2000 ppm, CH4 balance),
THT (200 ppm, CHy balance). S is sulfur.
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Figure 7. Effect of crystallinity on adsorption amount
of ETAS-10.
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Figure 8. TPD profiles on ETS-10 of TBM and THT
under the flow of He.
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Figure 9. Breakthrough curves of TBM and THT on
ETS-10 in simulated gas.
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