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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, Ti/MCM-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.
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Figure 1. Schematic diagram of pulse adsorption
experimental apparatus.
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Table 1. TBM and THT uptakes by zeolites and

60 .
mesoporous materials
50 1 BET TBM uptake THT uptake
Materials
2 (mmol/ (mmol/ (g
= 40 | (m/g) g-ads.) (g S/g-ads) g-ads.) S/g-ads.)
< Na-Y 900 1.08  3.46 132 423
-
Z 30 1 Na-Clinoptilolite 202 022 0.71 009 029
THT
2 Na-ZSM-5 350 032 1.03 038 1.2
= 20 TBM
% Na-Mordenite 400 0.46 1.47 0.46 1.47
10 4 Na,K-ETS-10 393 079 255 116 3.65
0 o ﬁ}ggggﬁ‘f;; 984 0.07 00024 003  0.0010
0 2 4 6 8 10 12 14 Ti-SBA-15 860 0.05  0.0017 003  0.0010
Time(min) Ti-MCM-41 1045 0.05 0.0016  0.02 0.0006
Figure 2. GC spectra for TBM and THT from a Note : Adsorbent 2.0 mg, 30 C, TBM (2000 ppm, CH; balance),
simulated natural gas. THT (200 ppm, CHj4 balance). S is sulfur.
THT, 30.6 ppm TBM, Uv#= CH; ¢) = Rigas Co. T AlEERel Bl Aol AAo® Aol= glont
2 RE Aol Apgslglon, olg RE myIA Hzxels B vjE) 159 B2 S C2NH 3 8
(breakthrough curve)s Atk AMEE F&A9 &2 10 =5 52 F e S0 2 i gleS & 5
mgS 7|50 % sto] BAZEAS S 50 pi/min, AL, 1 53], Mlzx e~ E450] Si 9 TiE o] Foll Absl=o] ARt
atm 3hoA Azbe] W FHEAS oolrglon, vluby A&t EM AT ks wAsty] 8t 4w F45 ol
o] Ul A7kx 9 Alzbal EAol RFHA| 9 HER B & wuel Bskar oA itk AlZeRe| B - o] 7t
B o FaAS Egsiolh 99 HAh sEe Ay olzo] Folojipe] whe} 71 W e A7) kg o R
B 7| zutE 220 FID 9 FPD T 7AZ7]o| o)&s} B agy FAHo R s £ UTH16]. &l AHS-E
A Hed, 84 F 2277 Azngdor ArgEo R AZelEEY FAF e FHe2 SwESTolE

°F 0.1 ppm FE7H] FHAL =7t 34 7Hsskdth
FID 7%7]¢} Picric acid 3 Z=(2]7 1/8” x Zo] 2 m)
o o8 BAE TAEAS] B o2 Figure 20] UER)IT
TBMe] THT Rt} &4 w27 )= A2 Z4
ol FHA AEEL oE Higadr # FEEs &
F Tk

= = =
3.1. 7Y S&H9 HY
# B

= 37] S8l dx FHo] FEglov], A (a) TBM
Agdel AHgER o AlgetelE

o HAx F#A A3E Table 1o JepjQit). o) 245
of thet ~=ed Ay} &- xﬂb;]oﬂ o3 A= AP Eleky

9 wzxys 24

== ] ST } oA Ti-SBA-15 9
Ti-MCM-41 | Z3E 8] A2 Ao 159 51 H| Ao
L =k FEES oF 0. 05 mmol/g-ad AEEA w9 o
= g Bolvk v, AlZEe)EA 285 oF 0.2004 1.0
mmol/g-ads.o]| s|Fsl= BN & FAS B o]

Aot vzEels Bdo] 2 2 AT 9 MEAL = (b) THT

Agiol #AA F 35 %, TBM 3 THTE H2e 5
olL & 2 5 Df HO] S0 s = oe Figure 3. The molecular structures of (a) TBM and
e S = uo] s EE](H MX] %6::'3— 7\‘@":]' (b) THT.
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< ZSM-5 < R0 E < ETS-10 < Y A|&efo]EQ] A2
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¥ 7)1 7.0 A x 65 A, 5.7 A x 26 A)9 A ZSM-5
o] wRiAel st %7}1@} FAF S7F uigel g 2
ZAow mFo] JHT 5 gk 7P 2 FAFE HA Y Al
SefolEQ g, nrh 2 AlE(74 A < 74 A) Wﬂ
Al AGEFE HAE F SF(super cages)E 7L

I, TS AdiE o g E HEHAS AHoRA olE 3%
el FEE A% w2 FHAY Sxs B Ay

ojtk. Iela WeHA @ FA"oR ¥ FAULE TBMS
39 Y AgeolEcd 1.2 pmolm’, ETS-10014 2.0 p
mol/m*S Wy, THTS ZH<Lols 1.5 pmol/m® I 2.9 p
mol/m™S Y 9 ETS-100]14] 22t ehjigict. o]71 ETS-10
o Y Algelol ur BN FabHo] whe WAT Res Lot
v 7 sewl Ao] AR Alol§HE Rt ETS-108 Tidvld)
9 SiARAZL A4S Alole] 3 AAHHA 12-membered
ringS sk Qlom, AFA7|I7F 7.6 A x 4.9 ARA] 1
AEL AR AL 5L ol 8 A FEAUNT], AR
Agel ol FAle] Aol FAH) 143 A x 7.6 A9
T ATE EAlsHE Aom deA 18]

Wb, $41 TBM 3} THT/} shislol $3tet 4 9)
Fea 2719 Agel glom, Ti 9 Si J¥e AL ¥
Mg o] Fa glo] Si I AlO® o]Fojx ARl Ao E
] H]sH i;‘d—ﬁu:]g] §]_61—;<4 /d;do] E}_E. nowx oﬂag_r/]_
A4 Anderson S[19] ©] AA|SF 2-ZZ 79| ofx|EOF
o] A kg Aol ETS-102 X Al&ee| =9} Hlw g
o Uk e A71He AU gl weinl u glek wel
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SalolEo] AZEWEE Aow UERd ETS-109] EH 8 mch
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s %—ﬂzé 7}112 U= ETS-10& @4k, olF TA=

ogFulfro] 9% ETAS-10S 3 Ajzke] W
2 3t I A4S ZdEshaA gAdsdth 41 ETS-10
I ETAS-108] &2l FT-IR ZA7}7} Figure 4] e}
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25 o 4 9t o529 F& FT-IR EAWMEY} 1030~
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Figure 4. FT-IR spectra for ETS-10 and ETAS-10.
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Figure 5. XRD patterns of ETAS-10 with different
crystallinity.
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Figure 6. Scanning electron microgragh of ETAS-10
sample.
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HAS AFels ZAoF olsdrH20]. AP ETAS-109]
AR S-S #ES SEM AR AE Figure 60 RG]
b IA=7)7F 3 pm JEE2A AAES B FFo] &
g Fu= F NS FHES AY b FEHE Bl
Stk ol Kim ¥ Kim[16]9] A ¥} Y|kt

il
=

¢}
=
=
=]
=

TN ot 2

§9£$t0é§‘:’rll‘_ﬂ

oh
=l

A7%7d Wste] whE FHAS] F3s& Figure
7o) Yepigity. Astert S7HESE TBM, THT R
Hefo]l AgHow F7keIIt o= ARl g

o @ge AYAY B¢ 9 v
A Fae F7lel 719 e

Clean Tech., Vol. 13, No. 1, March 2007 69

1.2

1.0 1

0.8 1

0.6 1

0.4 1

Adsorption amount (mmol/g-ads.)

0.2 1

40 50 60 70 80 90 100
Crystallinity (%)

Figure 7. Effect of crystallinity on adsorption amount
of ETAS-10.

Azhdck ol FAFN A4 A¥H #ARNE THT
7F TBM Rt} v 71&717F 2 A& & F S o)A
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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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