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Abstract : A series of V,0s-TiO» xerogel catalysts were prepared by nonhydrolytic sol-gel method and analysed
by various characterization techniques. These catalysts showed much higher surface areas and total pore volumes
than conventional V,0s-TiO, xerogel and impregnated V,0s/TiO, catalysts. It was found that the textural
property of V>0s-TiO, material varies with the method and conditions of synthesis. Surface vanadates and TiO,
anatase phase are the crucial factors to obtain high catalytic activities. The selective oxidation of hydrogen
sulfide in the presence of excess water and ammonia was studied over these catalysts. Xerogel catalysts prepared
by non-hydrolytic sol-gel method showed very high conversion of H»S without harmful emission of SO,. The
highest catalytic activity shown by these V,0s-TiO, catalysts may be due to their high surface area and good
dispersion of vanadia species in the titania matrix.
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Table 1. Specific surface area, total pore volume and
average pore diameter of vanadia-titania catalysts

Catalyst V05 (Wt%) Sper (m’ g") V, (cm® g") D, (nm)

6 91 0.31 13.7

Nonhydrolytic 8 84 0.28 13.6
xerogel 10 79 0.25 12.7

12 48 0.23 21.4

18 30 0.23 33.5
Xerogel 6 12 0.02 6.9

Impregnated 6 50 0.28 23.0




Table 2. Raman peaks of different vanadium species

Vi0; (wigp) Monevatadate  Cryscatine ;meizfv)
6 1030 - 930 820
8 1030 - 930 820
10 1030 - 930 820
12 1029 285,700,997 - -
18 1032 285,700,997 - -

cm ol 9] M= TO, A Aol AHH o ddu o] g
monomeric vanadyl %2 YERATH16,17]. 900 cm™ o] 4] 960
em’ 744 A Q3L W= 0] F4l0] 920 F-2-930 em Q1 W2 Wl
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ol& Fall nliA W& VoOs A% 6, 8, 10 wt%e] ZFHvlli=
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T 2 V=0 7} Vo0 @A Sl & 0] 83 'k Alsiihk-g
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Figure 1. FI-Raman spectra of V,0s/TiO, catalysts
with different V,0s loading.
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Table 3. H,S conversion and selectivity to SO, for 8 wt%
V,05-TiO, catalyst with various compositions of
reactant mixture at 2607C

Reactant composition (vol%) X-H,S S-S0,
Run
H.S 0, NH; H,0 (%) (%)
A 5 2.5 - - 99.1 3.3
B 5 2.5 5 - 99.8 0
C 5 2.5 - 20 95.3 6.3
D 5 2.5 5 20 98.2 0

Reaction condition : GHSV = 30,000 h™, time on stream = 6 h

H]7}3 VoOs-TiOp AZA Fujjof|A] 6, 8, 10 wt%2] vlit
T FA NS T} B 750, 760 K F-Lef A UpepLb= W
W, =2 Vo5 TA 301 12, 18 wi% 2] T = 840, 820 K
ghaloitt. o= HA o] St 1 S o) st
AL 9k aga o] e M By 2 BAkE VRS
23 ke A8 YERITE 3] 6, 10 wt%o A 12, 18 wt%
2 X o] W ek u) 750, 760 Kojl A 830, 840 K& 343 =7}
she 21S B 4 ol o3l dx|wFo] S7tshel whef TiOgo
HAE V05 7o) P =] AlFFste] VOL2] #A4ke o] "ol
A8 & 5 QlQlth thE BHAAM = VO TiO, Ful| 5 o] 83t
"ol Al Vo059 Ex|5ko] S7H 5 TonF 5 7F5HS Bals)
A TH25,26].

3.2, H89| tsfits

HES-E-0] A0 WE HkeAS A Yste] VeOs BA
o] 8 wt%] HI71Ad VoO5-TiO, A2 FulE 0.5 g2 AME
3l GHSV 30,000 h' 2.2 260°Col| A 6A)7F A8 5335}
Atk Table 3o ¥-352] Ao w2 HoSe A&7} SO
o] Melwg yehfqlc) o] A&eA] u]7l4d Vo05-TiO, Al
24 Foj= g 52 vkE 2o F2 HeSo| W&y

/N

: . ;
500 600 700 800 900 1000 1100
Temperature (K)

Intensity

Figure 2. TPR profiles of nonhydrolytic V,0s-TiO;
xerogels catalysts with different V,0s loading.
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2 HoS + Oy — 2/n S, + 2H,0O (1)
I'm S, + Oy — SOy 2)

2 HsS + 3 Oy — 2 SO + 2 HyO 3)
2 HsS + SOy <> 3/ S, + 2 HyO (4)

A% B Eq. 1 3} Eq. 4] Qs AHBL & 5 ok @
%, Eq. 2 9} Eq. 39) wkgo] €514 SO, 7F B E M, AE A
9} AF C & 27 339 6.3%0] SO, HEEE ehyglnh. &
g ol H7hE Y C 9 A5 Eq. 4ol Lkl vhel o]
Claus 4--9] oukgo] F7kste] A Acl vlalA] Hss9] 41
ggo] okzt 7kadrS o 5= 9t}

ol EARE A5l ol2t0] Hisel A M350
QP Alufo] = [(NHSIE A48 4 9L3L(Eq, 5), (NH)St=
SR 2 32 9T 5 oleka el A QUrEq. 6)[28]

HsS + 2 NHs <> (NHy)eS 5)

(NH4)QS + 1/2 Os — S + 2 NHs + H.O (6)

Table 3 o] 4 HeS, Oz, NH37} §] A4 5H= B2] A o] 4] <]
HoS¢] Zgh&o] NH;7} glo] HeS8l OoWh A5k A9 A
Mg gt Bk A etk A & 57t vk o3 ¢
Ruolrt F7HA 0 2 HeS8} REG(Eq. 5)3F317] wiiz o= itk
Hk DO AL BE Aol Eo] F7te EAsh: 49
Hl, H,S A3Hgo] Be A9 Agguct v Ughk. o=
&7 Qe o Claus HEg-(Eq. 4)o] dofit HoS7} thA] A4 5
7] WEd Zlojk sARE SO= A k=, o] 3
FEHote} o]ikgtgto] Whg-ato] NH;SO; oF (NH3)eSO: 52
AA3F 7] wF-0]tH29,30]. Hartley 2} Matterson[31]2] X 31

o) 25, ekghe] Ho] EAlal i hmuiobsh SO.7h HFSEHo] oF
2 vlo]difo]E £ bR i Ao EV} WA (Eq. 7) Tkl

s

[‘

SO, + 2 NH3 + H.O — (NH4)2503 (7)

o] AIER e, HyS9) ARGl A Eq. 2 9] Eq. 307
3 SO7k B 5] 31, ©] SOu7} G Lo} s} uk-g-8hof ATS -2 ¢
B A3l 28 FATL & 5 9leh 13 ATSE 4950
2 QR dsto] E5} wiae] ld Ho 2y Azurky Wi
5o eH32)

Table 4. H,S conversion for different V,0s-TiO; catalysts
at 220-300C

H,S conversion (%)

Composition V.0
H,S/0,/NH,/H,0/H (Wzt (;) Reaction temperature (C)
0
(vol%) 220 240 260 280 300

6 949 97.7 98.1 97.8 98.1

8 95.6 981 983 982 983

5/2.5/0/0/92.5 10 959 98.6 989 987 9838
12 943 965 97.0 97.3 977

18 932 939 941 951 955

6 93.2 948 952 951 950

8 945 957 961 96.0 963

5/2.5/0/20/72.5 10 95.6 962 96.6 968 97.7
12 93.7 944 948 955 95.8

18 925 928 931 940 943

Reaction condition : GHSV = 30,000 h-l, time on stream = 2 h

(NH4)2SOs + S — (NHy)9S:0; (8)

Zey et al[3]& FRUolFE o]&3lo] SO.5E FFAI7]1E
Claus tail gas 34 oA ATSE #|Z3l= AN A 23 &
wkgo] dofvbrl Fgasith

H.S + NH4HSO;3; + (NH4)2503 — (9)
3/2 (NH4)2S203 + 3/2 HoO

o] HE 312 FYHUL 1), SO A ATSS] o] 22
ek % 4 9k
HI7HA Va0 IOy A2 Sofel thal A Vo058l 10

W jo] W WS 54 126}7] $1510] HaS o) Otk EAISH =
7359k o17]ell 20%2] =& 7k Al thistel GHSV
30,000 h'el Whs-FH oA £52 220-300CE WA 7}
SLolA] 247 NEEARS AATEHGITE o] Aje] HeS Mgk
£ Table 4 o Yetfiglth Eo] A8k ¢4 A4 BE
279 H7H VeOsTiO, Sl 71 R4 0. 2 98% o]/ 3
& HoS A& vehf a2 Qlek =o] H7He B Sl oA
HsS A gH-go] 7h4skl 1, 53] ioflA e A& vt e =
Al UFERst T Eoll o gt A #-8-0] 7hAE Egs. 1, 2, 48] 2ykg-o]
dojd 7haAdo] =2t 7| st sttt g2 Bl 7k
2] VoOs-TiOg A2 A Z1] 7} 90% 0] 4F0] =2 HoS A8 1}
ERl AL =], o3 o] 58] e VO TIO, e 2 i
ZhE]o] Q7] wiEolth &2 Aol ol TAglo] V05 %Zl
&o] 6 of|A] 10 wt%7H] F7 sk HeS2| A gk-go] S71sk3l e
U 12 wt% 0] A9 ehx| kol A = A 8k-go] 745 = A 3S Vel
LHO%]:} 0]74 ] ol—oﬂ}ﬂ ‘q.z]—s} MH/\«]/] @43}01x]0 =7 1O
2, T2 A VoO0s-TiOp FHrj| ol M= vEg- A o] w2 4
378 VoOs7F A Q7] w02 ke th

N



Table 5. Conversion of H,S and selectivities to products
for different catalysts of 6 wt% vanadia loadings

s G TG oo
iﬁg;‘eyld“’lytic 96.8 0 35.9 64.1
Xerogel” 80.2 8.1 34.8 57.1
Impregnated” 81.6 0 61.4 38.6

Reaction condition : H,S/O,/NH;/H,O/He = 5/2.5/5/20/67.5,
GHSV = 30,000 h'',
Temp = 260TC, time on stream = 6 h.

* Conventional V,05-TiO; xerogel catalyst with 6 wt% vanadium
loading
Impregnated V,0s/TiO; catalyst with 6 wt% vanadium loading

2529] 93-S Ak K 22004 260°C7H4] = HaS A 8H-8-0]
78] viF-2 STkl o, o o)) ALl M= 719 Tt
okokt}. Claus WFS-S ¥4} Eqs. 1 - 47} 37 2lojub= 2710
o3t Aoleta] B o FATo] ofahd HeSC) HE Aekae
%?414 AOEZ, A2 HoS A

AU ofe} speFe] 5717 A &
AGESQ A4 33} ATSS) ME % *?i‘}% 1237] 9kl 6
wt%8] H] 72 A A vl o} 5730 Al 2 A gl g S of] o
3} A]SJQJ/}_”TabIe 5 oﬂ L}‘E}‘LHOJE}‘ ATs/] Ag/\ © 9] Zl\_?]i‘@,
IR 245 Fate] ERlg = Adadth v]7A VeOs-TiO: A
izﬂ iuH_‘:_E/\l—/] xﬂiﬁ] iqu}_ 61—;111?:-] o7 xﬂ}_z‘s_} éuﬁ oﬂ u]
A =& HeS M3 1o 31 9131, SO A3 AA A kgt
O ATS O] A Bt 71 329kt o] 22 A | SO 7} F R Y]
o} WI-g-ato] (NH4)2SOs 5 /331 3l(Eq. 7), ©]Z10] Eq. 8] 2]
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