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Removal of Sulfur Compounds in Hydrocarbon Using Microporous

Molecular Sieves

Gap Soon Jung

Department of Chemical Engineering, Pukyong National University

Abstract

Desulfurization of natural gas at ambient- conditions before
introduction to reforming processes is strongly needed- for stationary
applications of fuel cells, such as a polymer electrolyte membrane
fuel cells (PEMFCQ). The adsorptive removal of
t—butylmercaptan(TBM) and tetrahydrothiophene(THT) 'in methane
gas using Y and ETS—10 'microporous molecular sieves was
investigated at ambient “temperature and atmospheric pressure. The
crystallinity, chemical compositton and BET: surface area of the
metal—cation exchanged Y and ETS—10 were characterized by
X—ray diffraction, X-ray fluorescence analysis and nitrogen
adsorption—isotherm measurements, respectively. Posterior to its
treatment at 450 C in an He atmosphere for 2 h, the Cu(Il) in
Cu—ETS—10-0.1(4) could be auto—reduced partially to Cu(l), as

confirmed by X-—ray photoelectron spectroscopy. The preferential
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adsorption of THT over TBM on the alkali—metal exchanged Y and
ETS—10, and the concurrent adsorption of TBM and THT on the
copper exchanged Y and ETS—-10 (Cu—NaY—-0.5(4) and
Cu—ETS—10-0.1(4)) have been achieved, which could be explained
by the wuptake «curve in binary component adsorption, the
temperature—programmed desorption and the apparent activation
energy for desorption. The breakthrough capacity for both TBM and
THT was 2.63 mmol/g and 2.50 mmol/g on Cu—NaY—0.5(4) and
Cu—ETS—10-0.1(4), respectively. This is the best sulfur capacity
reported thus far in removing organic sulfur compounds from

hydrocarbon fuel gas by adsorption on microporous molecular sieves.
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Table 1. Physical properties of odorants

Surface
0d ¢ MW F | M.P B.P Volume
orants . ormula ’ . area
o N (A% \
(A%
TBM 90.19  C4Hi0S 1.4 61 88.19 120.49

THT 88.17 C4HsS =

119 32.14 106.95




(a) TBM

(b) THT
Fig. 1. Molecular shapes of TBM and THT.
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Table 2. Literature survey of the adsorbents for removing sulfur

compounds
Sulfur Adsorption
Adsorbents i Ref
compounds capacity(mmol/g)
Zeolite(X, Y,
) TBM, DMS 1.31 [29]
B)ion—exchange
Faujasita, 3, L MFI

) DMS 1.48 [5]

Zeolites

. Ag, Cu, Zn, Fe, Co, N1

E35] ] DMS, TBM 1.31 [27]

on Zeolite

Cu—Y, Ag—Y, Na—Y, .
) ) Thiophene 0.17 [30]
Zeolite Y, Zeolite LSX
[Cu/Mn]AS—-SiO, TBM 0.64 [33]
NaY TBM, DMS 1.00 [35]
H~-33 TBM, DMS 0.99 [35]
Cu—NaY THT 1.49 [38]
H-USY THT 0.90 [34]
Ad

NaY EBM, THT 1.67 [37]
Ag(0.99)NaY TBM, THT 2l [37]
16.7% AgNO3/BEA TBM, THT 0.47 [36]
7Zn/BEA TBM, THT 1.08 [36]




oAl ARgEO Rl FAARE FHAHOR ABEHE zeolystAle]
NaY #|&2}o]E(AI/Si=1/5.1)9} Das 5[39]0] A&3 wilo] ulz}
Na,K—ETS—105 frAtstAl @A ste] AR&8Flth. Na K-ETS—-109] 43
S A A7t 4o B2 (Junsei Chem. Co.) ¢ Eletg 92 & 99%
TiCly(Junsei Chem. Co.), ¥¢7l2] 922 96% NaOH(Katayam Chem.
Co.), ZHd Yo & 98% KF(Junsei Chem. Co.)Z o]&3}t}t WA &4
$} NaOH®] E3bo] A kol TiCly ¢F HCIY F38S 2 7labd A urk
S Fysiolen, FFHoZ KFE Friste 5838 mukel & pH7L of
11.4 F-<o] H%E5 NaOHE HAetaithepd A ALEEH 7]17]=
Istek—Korearte] pH meter 720P= A}&31e] pHE =A3A . A=<
TY9% 95 HIE &77HEAR 2124 A 4e-37] & AL-&3t
200 C oA 17~22 h B¢ FLEHSS 58] Na,K—ETS—-10<S g4a+
th. Na, K-ETS—-109] €49 ZH= Hegs 7I$2=® TiOz :/SiO; :
NayO @ KF : HoO H]7F 1.0:555.7 2 6.0 : 1.9 @ 1442 7| ¥ %A o7 31910
AR Na, K-ETS=109 o] FEl=Na ¢+ K o] =g &
e AT
NaY¢t $4d% Na,K-ETS-109 F&AE 72(Cu) Yol vHo=
ol = dtstal H A stetr] s el % o pHE D ste] AF st
Zo Al 30 CellA] 8 h &<t o|2ud § THFTE ol &
ato] AlF & F79] pH 7F of 7 A7) H=E Al sl on, 80 Tl A
L 3

S A X AZ3AT. 0.5 M2 Cu(NO3), 89 pH 49 A4 9]
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Cu—NaY—0.5(4), Cu=ETS—-10-0.5(4)= 3£ 7|3}l t}.
2. HHA ) FHEY
2-1. F9d £33 R X-A A £4

d¥ NaK-ETS-109 A45x 9 244 S gstr] 98] Heja
F33 BA (fourier transform infrared spectrometer, FT—IR) ¥ X—-A1 3]
d(x—ray diffraction, XRD)E4& sty FT-IRS 4§ JASCO
FT/IR-5300°. 2 Wavenumber 1400~400 cm™' HjollA =25 &2
o] BFEE ZAA T XRD 24 o] AF&-% 7}7]4= Philips X'pert—MPD
24 40 kV, 30 mA°l A Cu—Ka target (wave length 1.54056 A)E A&
3le] scan $EE 4 °/min &2 o] 20 FE 5~80 ° HYANA S A5
=3

Azd  FHFAY vxHE™s  dolRry] fd . BEL-Japan<
BELSORP—MAX & A F2pAX| E-AL8-3510] dA A 5% —196 Cofl A
54 Ak AEE Aa FARATEAA (L 107 torr) oA 6417 &
s 430 Coll A A CcACE A ke =y
BET (brunauer—emmet—teller, BET) 2]o] &% 02X H T
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1-1. §4 Na, K—-ETS-109 +x
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T UElUE 2 B F Jon, oF AYE & AFAE[44-46]9]
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Fig. 2. FT—IR spectra of Na,K—ETS—-10.
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Table 3. Textural characterization results of NaY zeolites

Pore volume(cm®/g) Surface area

Sample name

Total pore? Microporeb (m’/g)

NaY 0.36 0.35 929.02
Cu—NaY—-0.1(3) 0.36 0-22 651.05
Cu—NaY—-0.1(4) 0.50 0.32 823.85
Cu—NaY—0.1(11) 0.30 0.15 454.65
Cu—NaY—0.1(12) 0.34 0.20 606.76
Cu—NaY—0.01(4) 0.35 0.32 850.39
Cu—NaY—0.05(4) 0.35 0.32 842.33
Cu—NaY—-0.5(4) 0.36 0.22 648.70

? Total pore volume at P/Py=.0:99

> Measured from t—plot method
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Table 4. Textural characterization results of Na,K—ETS—10 zeolites

Pore volume(cm®/g) Surface area

Sample name

Total pore*  Micropore® (m%/g)

Na,K—-ETS—-10 0.18 0.15 400.23
Cu—ETS—-10-0.1(3) 0.18 0.15 393.88
Cu—ETS-10-0.1(4) 018 0.15 391.02
Cu—ETS-10-0.1(11) 0.18 0.13 358.93
Cu—ETS-10-0.1(12) 0.17 0.13 345.73
Cu—ETS-10-0.01(4) 0.17 0.14 378.89
Cu—ETS-10-0.05(4) 0.17 0.14 375.00
Cu—ETS—-10-0.5(4) 0.15 0.12 315.07

4 Total pore volume at P/Po = 0.99

> Measured from ¢—plot method
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Table 5. The XRF of NaY zeolites

Sample name Na/Al Cu/Al (Na+Cu)/Ti Si/Al
(mol/mol)  (mol/mol) (mol/mol) (mol/mol)

NaY 0.68 0.00 0.68 4.57
Cu—NaY-0.1(3) 0.07 0.17 0.24 1.86
Cu—NaY-0.1(4) 0.20 0.33 0.53 4.43
Cu—NaY-0.1(11) 0.11 1.10 b, A 160
Cu—NaY—-0.1(12) 0.09 0.50 0.59 2.00
Cu—NaY—-0.01(4) 0.22 0.41 0.63 4.42
Cu—NaY—-0.05(4) 0.24 0.42 0.66 4.29
Cu—NaY—-0.5(4) 0.08 (. 0.27 1175
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Table 6. The XRF of Na,K—ETS—10 zeolites

(Na+K)/Ti Cu/Ti (Na+K+Cu)/Ti Si/Ti

Sample name
(mol/mol)  (mol/mol) (mol/mol) (mol/mol)

Na,K-ETS-10 1.00 0.00 1.00 3.07
Cu—ETS-10-0.1(3) P21 0.58 0.79 411
Cu—ETS-10-0.1(4) Ny 0.71 0.93 4.40
Cu-ETS-10-0.1(11) 0.57 0.47 1.04 4.08
Cu—ETS-10-0.1(12) 0.56 0.48 1.04 3 90
Cu-ETS-10-0.01(4) 0.26 0.69 0.95 4.08
Cu—ETS-10-0.05(4) 0.22 0.77 0.98 4.10
Cu—ETS-10-0.5(4) 0.14 1758 .70 4.52
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Table 7. Adsorption capacity of TBM and THT on effect of Cu loading and pH in NaY

Tg:(min) Breakthrough capacity(mmol/g)  Trotw(min)  Total capacity (mmol/g)

Sample name
TBM THT TBM THT TBM THT TBM THT
NaY 180 240 0.59 1.87 420 420 0.40 2.42
Cu—NaY—0.1(3) 120 120 0.37 0.86 390 450 1.20 3.22
Cu—NaY—0.1(4) 165 180 0.51 L S0 390 435 1.21 3.14
Cu—NaY-0.1(11) 135 135 0.43 1.00 340 280 1108 2.08
Cu—NaY-0.1(12) 120 135 0.42 1.10 300 255 1.05 2.09
Cu—NaY—0.01(4) 165 150 0.54 )| ! 200 320 0.66 2.45
Cu—NaY—0.05(4) 165 180 0.55 1.39 240 270 0.80 2.10
Cu—NaY—0.5(4) 240 240 0.78 1.85 300 390 0.99 3.01

Note : Adsorbent 20 mg
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Fig. 4. Breakthrough curves of TBM and THT on (a) NaY and (b)
Cu—NaY-0.5(4).
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Fig. 5. TPD spectra on (a) NaY and (b) Cu—NaY—0.5(4).
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Table 8. Adsorption capacity of TBM and THT on effect of Cu loading and pH in Na,K—ETS—-10

Tge:(min)  Breakthrough capacity(mmol/g)  Trowm(min)  Total capacity (mmol/g)

Sample name

TBM THT TBM THT TBM THT TBM THT

Na,K-ETS5-10 185 280 0.30 1.06 465 465 0.041 1.48
Cu-ETS-10-0.1(3) 220 220 0.37 0.87 450 450 0.58 1.39
Cu-ETS-10-0.1(4) 450 450 0.75 1.75 640 640 0.89 2.10
Cu-ETS-10-0.1(11) 350 350 0.8 1.34 O 555 0.71 1.71
Cu—ETS-10-0.1(12) 360 360 0.59 1.38 660 660 0.80 1.89
Cu-ETS-10-0.01(4) 300 300 0.50 1.18 580 580 0.77 1.79
Cu-ETS-10-0.05(4) 420 420 0.71 1.65 600 600 0.82 1.91
Cu-ETS-10-0.5(4) 190 190 0.32 v d) 620 620 0.66 1.47

Note : Adsorbent 40 mg
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Fig. 6. Breakthrough curves of TBM and THT on (a) Na,K—ETS—10
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Fig. 11. The ionic current during TPD of TBM adsorbed on (a) NaY and
(b) Cu—NaY—-0.5(4).
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Fig. 12. The ionic current during TPD of THT ‘adsorbed on (a) NaY and
(b) Cu—NaY—0.5(4).
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Fig. 13. The ionic current during TPD of TBM adsorbed on (a)

Na,K—ETS—10 and (b) Cu—ETS—-10-0.1(4).
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Table 9. Adsorption capacity of TBM and THT on effect of pretreatment in Cu—ETS—10—-0.1(4)

Tr(min) Breakthrough capacity (mmol/g) Trow(min)  Total capacity(mmol/g)

Pretreatment
TBM THT TBM THT TBM THT TBM THT
He 450 450 I 745! 1.75 640 640 0.89 2.10
Air 265 265 0.45 1.04 490 490 0.64 1.44
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Fig. 15. XPS spectra of copper species in Cu-ETS-10-0.1(4).
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