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In hydrogen production for fuel cell by reforming city-gas, sulfur compounds, odorant in city-gas, are det-

rimental to reforming catalyst and fuel cell electrodes. We prepared metal salt impregnated f-zeolite(BEA) to remove
sulfur compound in city-gas by adsorption. The sulfur breakthrough adsorption capacity was changed depending on the
concentration and species of metal salt. AgNO, impregnated BEA showed the highest sulfur breakthrough capacity
among adsorbents used in this experiment(41.1 mg/g). But metal salt impregnated BEA such as Ni(NO;),/BEA,
Fe(NO;);/BEA, Co(NO;),/BEA showed a certain amount of sulfur adsorption capacity comparable to AgNO;/BEA.
Adsorption temperature effect, desorption study, and x-ray photoelectron spectroscopy analysis revealed that the domi-
nant interaction between metal impregnated adsorbent and sulfur compounds was not chemisorption but physisorption.
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Table 1. Various types of odorant included in city-gas

Sulfur Concentration B.PD F.p?
Odorant  M.W (Wi%) ) °C)
EMS 76 42 66 -105
EM 62 51.6 35 -105
DMS 62 51.6 37 -98
THT 88 36.4 121 -96
TBM 90 355 63 1
3% DB._P: boiling point, ?F.P: freezing point
F50] TR Zulrh oS}, O] T ZE-L ) ol

Shel o] EslgkEol mEEE o] H3S] At o E
E9, A A 2] A5 X (polymer electrolyte membrane
fuel cell, PEMFC)ellA] S3}3h=2] 150 2ate] Edo] Askd %
"= PEMFCS] &9 Aatz A=, ZAI7F Zul7} 33letael =
=9 7% PEMFCY] &9 A4S 714 2033]. webr] F3A1= 3
71l SBRHES /NS Aol REEA] €3] A|A Fofof gt
428 (hydrodesulfurization, HDS)S KA Z Q] gkgkggolnt,
TS =2 2E VR Q8 A8HX Y] 4233} Al
sleh= Well ni5eo] & uf A3kebA] vt H Lamperts S04
O ABIES 3] FollA AlEE FEE HEAA o] 55 A
T oA FFRA F2E A7 AYA Fuf Abse
(selective catalytic oxidation process)O|Zh= A2 375 7itsk
o] A& FVFoRE IS A sk AP SISITH4]. o] A
of| i A7k~ 739 100 ppby ©8}F, LPGS] 7% 150 ppbv ©]
7] B3RS A7sket] Aesiitka Hasigict A5~
oMz AeelA =4 71 glel 0.1 ppm ©l8 2] AEe S
Ao g A7 ks w40l 233} A2stE a6k vk
Lampert®] A8 34 T 128 Q7822 A3} B4 vzt
A51H] Eahhar A7) Satokawa 52 A-2ollA] Eo] EAEkL
o719kl el Na-y Al&ete] ol Ag ol&-& o2 sh sl
FHAIE o]8slo] LNGE] A= AH8-¥ DMS$L TBM2)
AYE slom[s], o] AEE F3le] Agd] ol TS
Fado] evkar B st ek 134

o< Fe
213k AJ7] @/d%h(activated carbon)?} BEAE
THTS} TBMS A7 8= 23S TPDE 53517
GR35} tHe). 015 o] 21w3t ¥ Fe/BEA(Fe: 3%)7} 7V 9
(19.6% Zg.comy/Zeor)BIA O, L O1F5 BEAC] F=A5R= Lewis AT
oA gastEate] 73k sletdasta Feo] T ulFolzla 3f
ATt Wakita 5= A&l EE FAAR o]§-5lo] DMSS} TBM
& AASHE 43S SIITHT]. Na-Y Al&elo|E} H-BEAY] 3%
HAUSES A LA37(FT-IR)2F TPDE A3 © ™ Na-YellA
= Na7l 8 AP Aolglar 35319101, H-BEAS] Bronsted
2Pl TBMo] Wkg-gtttar si3ict.

B Ao X F40] 9X¥ H-BEAS SZA|Z o]gslo] =)
TAZEol gk 3sleE ¥ Al TBMF THTS A|ASkIA)
L} 0|5 984 THT, TBM, wikto] g TAEAE o] g3}
o 22, t7ISkellA 3 s 3 AASISITE. Fa Al ol
7] 2459e B4 A F 33kE SRS sl st

2T FAA 548 A5l olF FEAs) S3EE 1
Sk el

H2E 20074 42

2.4
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Ao ALE-E A &EFO]E= ZeolystAlS] B-zeolite CP-814E
(BEA, SiO,/Al,0; = 25)t}. ©] BEAX 9ROl &(NH, o] w5y
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oA 4AZE Rt AERAAT FEolo] g F3A|e] 593}
5745 45k RigakuAle] XA 34 X (x-ray diffractometer,
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Fig. 1. Schematic diagram of experimental apparatus for breakthrough
test.
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Fig. 2. XRD patterns of H-BEA and AgNOy/BEA with different AgNO;
loading.
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H-BEAS] XRD &S A 220 Ftejja] & 1317} #9l =
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Fig. 3. Pore size distribution of H-BEA and AgNOs/BEA depending
on AgNO; loading.

Table 2. Surface area and sulfur adsorption amount of AgNO; impregnated

adsorbent
Adsorbent Surface area (m*/g)  Pore volume* (cm’/g)
H-BEA 556 0.355
4.8 wt% AgNO,/BEA 500 0.324
9.1 wt% AgNO5/BEA 504 0.352
16.7 wt% AgNO+/BEA 382 0.257

# Pore volume at P/P,= 0.8

Aol mh FHAN2 EH A A AaEE Aol ekt
H-BEA(556 m%g)2} 4.8 wt%, 9.1 wt% AgNO,/BEA(500, 504 m%g)2]
7B 2 Hol7) BolH] QIJAINE, 16.7 wi% AgNOy/BEA(382 m%/g)
735-oll H-BEAS} Blawato] st o] 71431 TH Table 2).
T3 7k FAAS] 71349 F712] Wg} FESF H-BEA(0.355 mY/g)
9} 4.8 wt%, 9.1 wt% AgNOy/BEA(0.324, 0.352 m’/g) Alololl=
2ol E & = QISAITE, 16.7 wi% AgNO,/BEA(0.257 m/g)2=
2017} ATt o] 1+ A¥h= H-BEA 7|8 WH-2 5071 33t
23] AgNO; AFEC] H-BEAS] 7|3 oA 2 Jojgls
#/33te] H-BEAS] 7]&o] B317] wiZolekarl st

Ml

3-2. ©X| E 2501201 28t nfulE Rl M)

Fig. 4= H-BEAS} 16.7 wt% AgNOy/BEAS A2 AMgskal
Fo13HE A e 3 ko] WsE ek T2Ezelt o
@ 7} dojuba] o] HAEE TR dFH 50}t WA Sk
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7% A7l 2Jabd H-BEA7F oFHe] E3ldhs §3s9o] qivka
HIE S OH6], Fig. 4ol4 WERd vk}l o] H-BEAE EAPEA
£ TR SA] gt dofd Zlo® Kol 2 AR 26
Al H-BEAF F2Fsdo] AL gl 3FAT AgNO©] 16.7 wi%
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on, ol& Gl ARk FHA) 1 gd FAE 82 T 411 me/g
O =M, 71 AT 9Pl Bk o] 2wk ¥ Ag-y FEAS] vt
FAH41.0 mygp} ¥ T TS UERHSITE UREA 0% AgNO;
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Fig. 4. Sulfur breakthrough curves of H-BEA and 16.7 wt% AgNO;/
BEA.
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Fig. 5. Breakthrough sulfur capacity of AgNOs;/BEA depending on
the loading of AgNO;.
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Fig. 7. The change of adsorbed sulfur molecules per one metal ion
depending on the kinds of metal salts.
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Fig. 8. The change of breakthrough sulfur capacity depending on
adsorption temperature.
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Fig. 9. X-ray photoelectron spectroscopy spectra (Ag3d) of AgNO;
impregnated H-BEA: (a) 4.8 wt% AgNO;/BEA before sulfur
adsorption, (b) 4.8 wt% AgNO;/BEA after sulfur adsorption at
298 K, (c) 4.8 wt% AgNO,/BEA after sulfur adsorption at 353 K.
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Fig. 10. X-ray photoelectron spectroscopy spectra (S2p) of AgNO;
impregnated H-BEA : (a) 4.8 wt% AgNO;/BEA after sulfur
adsorption at 298 K, (b) 4.8 wt% AgNO;/BEA before sulfur
adsorption, (c) 4.8 wt% AgNO;/BEA after sulfur adsorp-
tion at 353 K.
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TBM2] =710 63 °C Y= 7}Fe wi(Table 1) 3 %ol 221¢ &
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|
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mglg O] TR Aol B S 1} e gAY

& LRIt s, 95 8 F3e 75tk 2% AgNO;
7} AgNOJRTH Gte] i ztgo) okt 0w dwid Row o
27 NiNOy),7H B8 F2A7e] shahgaere 81e jo)r}
WOl Igkor, ol g Sl mE sukEHer Sk
Az vgeh] 8-S ukAEtIth el &% gk wE TS

A vzl 4G XPSE Be ARelIAolE Wl 47, Ba
= ZE 8 FAA0 9ANPS BN FAAG B

Kole) aztgo] sfstel AEAHgnrke Bel2el AgEe] 2
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