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Interaction of SO2 and H$, i.e., the Claus reaction, on faujasite-type zeolite catalysts was 
studied by combined UV-visible and IR spectroscopy. Reactivity of HSO,, formed by chemisorp- 
tion of SO*, and HS-, formed by dissociative adsorption of H#, was confirmed. An effect of 
thermal treatment after preadsorption of H2S on the kinetics of interaction with subsequently 
admitted SO2 was observed. SZO:-, S:-, and c-S8 as well as polymeric sulfur were identified as 
intermediates and product species. The same bands, ascribed to intermediates and products, were 
observed when H2S was oxidized by oxygen instead of S02. o 1988 Academic FV~SS, I~C. 

1. INTRODUCTION 

In the classic Claus reaction, hydrogen 
sulfide is oxidized by oxygen according to 
Eq. (1). 

2H2S + O2 + SZ + 2H20 (1) 

(n/2)S2+S,(n=3,4,. . . ,8) 

The modified Claus process first converts 
part of the H2S to SOZ and then oxidizes the 
rest of H2S by SOz, according to Eq. (2). 

2H2S + SO;! + & + 2HzO (2) 

(n/2)& - S, (n = 3, 4, . . . , 8) 

Both processes employ alumina or dauxite 
as catalysts. However, even though zeo- 
lites probably never will replace these well- 
established materials, they are useful model 
catalysts for the Claus reaction. Their crys- 
tal chemistry has been thoroughly investi- 
gated by many workers and can be modified 
by clear-cut procedures, e.g., via ion ex- 
change. Some specific features of reactant 
adsorption were first discovered with ze- 
olite/SOz or zeolite/H$ systems. 

Adsorption of SOZ and H2S both on 

’ On leave from the Faculty of Chemistry, Adam 
Mickiewicz University, Poznari, Poland. 

alumina and zeolites has been widely stud- 
ied. Mainly IR spectroscopy has been ap- 
plied, starting with the pioneering work of 
Deo, Dalla Lana, and Habgood (I). Subse- 
quently, contributions came from several 
groups, e.g., Slager and Amberg (2), F6r- 
ster et al. (3-5), Karge et al. (6-9), Laval- 
ley et ul. (20-15) and Datta et al. (16-Z8). 
In particular, Fiirster et al. (3) and Karge et 
al. (6-7) provided evidence for dissociative 
adsorption of H$ on zeolite NaA and fau- 
jasite-like zeolites, respectively. With re- 
spect to SO2 adsorption, one essential re- 
sult of the IR study by Chang (19) was the 
detection of a chemisorbed species charac- 
terized by a low-frequency band (LFB), 
viz., at about 1070 cm-’ in the case of 
alumina. The band was attributed to a 
sulfite-like structure. Karge et al. con- 
firmed the existence of that species on 
alumina (20-22) as well as on zeolites (23) 
and showed by in situ experiments that 
these low-frequency species were the only 
reactive entities detectable via IR on a 
working Claus catalyst. Also, in a FTIR 
study by Datta et al. (17) this LFB struc- 
ture was identified, among other adsorbate 
species. 

However, the structure of the LFB spe- 
cies, derived from adsorbed SO?, remained 
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a matter of debate. While Chang (19), 
Lavalley et al. (II), and Datta et al. (17) 
postulated a sulfite-like structure, Karge et 
al. (9, 20) suggested a correlation of the 
low-frequency bands (1070 cm-’ on 
alumina, 1240 cm-’ on zeolites) with the 
existence of SO: anion radicals. These 
radicals have been identified by EPR in a 
number of investigations of SO?; adsorption 
on alumina and zeolites (20, 24-30). How- 
ever, Karge et al. (22, 23, 31) showed later 
by a combined IREPR reinvestigation that 
no correlation between the LFB species of 
adsorbed SO;? and the SO: seems to exist. 
Moreover, very recent UV/vis spectro- 
scopic studies by the same group (32) indi- 
cated a strong probability that those low- 
frequency IR bands were due to the forma- 
tion of HSO? molecules upon adsorption of 
SO2 on alumina as well as on zeolites. The 
particular structure of the respective ad- 
sorbate complex, however, might depend 
on the surroundings and be different on 
alumina and zeolites. 

Simultaneously, the UV/vis study dem- 
onstrated the value of these techniques 
when applied to adsorption measurements 
on solid catalysts and, particularly, when 
combined with IR spectroscopy. H2S ad- 
sorption onto faujasite-like zeolites was 
monitored by UVlvis spectroscopy and 
provided evidence that complete disso- 
ciation of H2S might occur on particular 
sites of the catalysts, whereby nonreactive 
S2- ions form (33). Therefore, application 
of a combination of UV/vis and IR spectro- 
scopic techniques to the investigation of the 
Claus reaction seemed promising. The 
present paper reports results of experi- 
ments in which the interaction of SO2 ad- 
sorbed on NaX zeolite with H2S and vice 
versa was traced by UV, vis, and IR, and 
particular attention was paid to the occur- 
rence and reactivity of intermediates and 
product species. 

2. EXPERIMENTAL 

NaX was provided by Union Carbide (lot 
no. 2565330); the unit cell composition ac- 

cording AAS analysis was Na89Als$i1070384 
after five repeated exchanges with 0.1 M 
NaCl solution. Thin self-supporting wafers 
(3 mg cmp2) were used. H2S (99.5 vol%), 
SO2 (99.98 vol%), and O2 (99.8 ~01%) were 
purchased from Messer-Griesheim, Dils- 
seldorf. UV/vis measurements were carried 
out at room temperature in transmission 
mode with a Perkin-Elmer/Hitachi spec- 
trometer Model 556; IR spectra were ob- 
tained by a Perkin-Elmer spectrometer 
Model 225. The cell, which allowed mea- 
surements in the UV/vis and IR regions 
with one and the same sample, is described 
elsewhere (33). It could be connected to a 
high-vacuum and gas-dosing system. 
Amounts adsorbed were evaluated from the 
pressure change when the gases were ad- 
mitted from calibrated reservoirs to the 
known cell volume. Adsorbate pressures 
were monitored by a MKS Baratron. Prior 
to gas admission, the sample was slowly (5 
K min-‘) heated at lo-’ Pa to 625 K and 
maintained at this temperature for 12 h. For 
a more detailed description of the proce- 
dure see Ref. (33). 

3. RESULTS AND DISCUSSION 

3.1. SO2 Preadsorption at Room 
Temperature Followed by H2S 
Interaction at Room Temperature 

When 0.73 mmol g-’ SOZ was adsorbed 
onto an activated NaX wafer and very 
weakly held SOZ was removed by subse- 
quent short evacuation at room tempera- 
ture (r.t.), spectrum 1 of Fig. 1 appeared. It 
exhibited the expected band at 280 nm and 
a shoulder around 250 nm, which were due 
to physically adsorbed SO2 and &O:-, re- 
spectively (32). The band of chemisorbed 
HSO, at 215 nm is, at this high coverage, 
masked by the SO2 and S& signals (32). 
Subsequent admission of H2S at r.t. caused 
a band at 320 nm and a shoulder around 400 
nm to appear (curves 2, 3, and 4 in Fig. 1). 
Remarkably, no significant decrease in ab- 
sorbance around 280 nm was observed as 
one would expect as a result of reaction 
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FIG. 1. UV/vis spectra after preadsorption of SO2 
and subsequent admission of H$, at room tempera- 
ture (r.t.). (I), Preadsorption of 0.73 mmol g-‘, fol- 
lowed by short evacuation; (2) through (4) after 
admission of 0.08, 0.96, and 1.47 mmol g-’ HrS, 
respectively; (5) and (6), 15 min and 1 h after last 
admission, respectively; (7), after desorption at 523 K. 

between preadsorbed SO2 and H2S ad- 
mitted. This seemed to indicate that reac- 
tion products form which absorb in the 
same UV region as preadsorbed SOZ (see 
below). At r.t., formation of the products of 
interaction between SO2 and H# slackened 
when higher portions of H$ were ad- 
mitted; the broad bands around 320-330 
and 400 nm continued to grow even when 
considerable time had elapsed after the last 
H2S admission (see curves 5 and 6 in 
Fig. 1). 

Evacuation at r.t., following the SOz/H$S 
interaction, removed a significant amount 
of weakly held material from the zeolite 
wafer, and a spectrum close to that of curve 
3 in Fig. 1 remained. Subsequent evacu- 
ation at 393 K did not cause a noticeable 
change. Thus, the 320- and 400-nm species 
were relatively strongly adsorbed. Desorp- 
tion at 523 K was needed to remove all the 
bands but a small absorption was then 
revealed around 220 nm, indicating that 
some chemisorbed HSO? was still left on 
the surface (Fig. 1, curve 7). 

The product species which gave rise to 

the bands at 320 nm and around 400 nm 
could be observed more distinctly when 
difference spectra were derived. The set of 
experiments of Fig. 2 started with pread- 
sorption of 0.24 mmol g-’ SO2 at r.t. (see 
the inset), reproducing the features which 
were reported in Ref. (32): bands at 215 
(chemisorbed HSOI), 250 (S&), and 280 
nm (physically adsorbed S02). This spec- 
trum was stored and subtracted from each 
of the subsequent spectra, which were ob- 
tained after H2S admission. 

These difference spectra exhibited two 
prominent well-resolved bands at 320 and 
385 nm, respectively. The latter band ap- 
peared in Fig. 1 merely as a broad shoulder 
around 400 nm. Under the present condi- 
tions (r.t.), the reaction was completed 
already at a ratio H# (admitted)/SOz (pre- 
adsorbed) = 1. Admission of H2S in excess 
of this ratio did not change the spectrum 
further (Fig. 2, curves 5-7). Like the results 
presented in Fig. 1, the difference spectra 
do not show a significant decrease in ab- 

0.2 

Wavelength I nm I 

0.0 

1 1 I 

200 300 400 500 6( 

WAVELENGTH [nml 

FIG. 2. UV/vis difference spectra after pread- 
sorption of SO2 and subsequent admission of H2S, at 
r.t. Inset: spectrum after adsorption of 0.24 mmol g-r 
SO2 onto NaX (compare Fig. 1, line 1); subtracted 
after subsequent HrS admission; (1) through (7) after 
admission of 0.05,0.09,0.14,0.19,0.24,0.28, and 0.33 
mmol g-’ H& resepectively; (8) after subsequent 
admission of 0.24 mmol g-’ SOz. 



CLAUS REACTION ON ZEOLITE CATALYSTS 255 

sorbance around 280 nm, which should 
have occurred because of the consump- 
tion of SO*. As a result of progressive SO2 
conversion one would expect a correspond- 
ing “negative” band at about 280 nm since 
the original spectrum of preadsorbed SO2 
(inset) is subtracted with each scan. How- 
ever, only a small negative difference band 
appeared. As mentioned before, the most 
straightforward explanation is that reaction 
products form which also absorb around 
280 nm and thus compensate almost com- 
pletely for the expected decrease of ab- 
sorbance when SO2 is converted. 

The small bands around 250 nm in the 
spectra of Fig. 2 are most probably due to 
S*- ions; these result from complete disso- 
ciation of H2S at particularly strong centers 
(33). All of the reaction products formed 
during the experiments of Fig. 2 were rela- 
tively strongly held, since evacuation at r.t. 
did not cause any change of spectrum 7. 

As a result of the experiments described, 
three bands should be assigned to products 
of the reaction between preadsorbed SO2 
and subsequently admitted HPS, viz., bands 
at 280, 320, and 385 nm. 

A band at 380 nm has been observed in 
the spectra of sulfur-doped sodalite and 
ascribed to S”, ions (34-36). Therefore, 
and because it fits readily into a proposed 
reaction scheme (see below), the band at 
385 nm in Figs. 1 and 2 is tentatively 
assigned to Sip ions. The shift by 5 nm may 
reflect the interaction of S:- with zeolite 
surface sites. 

According to data reported in the litera- 
ture, a band around 320 nm can be assigned 
to either Si- (37, 38), S$- (39), or c-S8 
(40). However, if the above assignment of 
the 385-nm band to S:- is correcct, S$- ions 
cannot be responsible for the 320-nm band. 
This conclusion is drawn from the observa- 
tion that the band at 320 nm increased 
further when the sample, after pread- 
sorption of SOZ and treatment with H& 
was again contacted with SO* (see spec- 
trum 8 in Fig. 2). Simultaneously, the band 
at 385 nm decreased in intensity and finally 

disappeared from the spectrum. Obviously, 
the species which gave rise to the 385-nm 
band, i.e., $, were reactive toward SOZ. 
But the reaction between S:- and SOa can- 
not lead to Si-, whereas SzOiP indeed may 
be formed from these two species (see Eq. 
3 of the scheme given below). 

Calculations and UV measurements have 
shown that the thermodynamically most 
stable sulfur species, i.e., c-S*, exhibits a 
band at 320 nm (40-42). Sulfur species 
(c-Ss) should occur as final product species 
of SO2 and H2S interaction and, therefore, 
might well contribute to the 320 nm band. 

Similarly, sulfur species are most proba- 
bly responsible for the growth of a product 
band around 280 nm, which compensates 
for the expected decrease in absorbance of 
the 280-nm band of SO2 in Figs. 1 and 2 (see 
above). In fact, Meyer et al. (41, 44) ob- 
served bands at 260-270 nm and a shoulder 
at 280 nm when they investigated solutions 
of Ss or polymeric sulfur in isopentanel 
cyclohexane via UV spectroscopy. 

Finally, the existence of both chemi- 
sorbed HSO? and physically adsorbed SO2 
on NaX after contact with SO2 has been 
well established via UV spectroscopy (32). 
Occurrence of HS on faujasite-like zeo- 
lites upon H2S adsorption has been demon- 
strated by IR spectroscopy (33). Thus, all 
the available spectroscopic data are in 
agreement with the suggestion that upon 
reaction of SO2 and H2S on NaX at r.t., 
S20i- and sulfur form according to the 
following reaction scheme, which also in- 
volves the intermediates S’,- and HS: 

2HSOr + H2S + S2024- + S + 2H20 

(3) 

2HSO: + 2HS- * S20:- + S;- + 2Hz0 

(4) 

s:- + 2so2 --, s*o:- + 2s. (5) 

3.2. SO2 Preadsorption at 393 K Followed 
by H2S Interaction at 393 K 

Since the zeolite wafers reached a tem- 
perature of about 375 K when exposed to 
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the IR beam (48), in subsequent experi- 
ments reactant admission was carried out at 
393 K. This measure rendered the com- 
parison of UV and IR results more reliable. 
After the spectrum of the activated NaX 
sample was scanned, a new baseline was 
established. The NaX wafer was then 
loaded at r.t. with 0.38 mmol g-’ SOz which 
was about half of the ultimate uptake. Sub- 
sequently, the cell was closed and the sys- 
tem NaX/S02 thermally treated at 393 K. 
This temperature was maintained for 1 h. 
Thereafter, the cell was cooled to r.t. and 
the SO2 spectrum was scanned (spectrum 1 
in Fig. 3). The sample was heated again to 
393 K. H2S was admitted and reacted at this 
temperature for 5 min. The cell was cooled, 
and the next spectrum was run (spectrum 2 
in Fig. 3). The same procedure was applied 
to obtain all the other spectra of Fig. 3 and 
Fig. 5. 

The SOI spectrum (Fig. 3, spectrum 1) 
exhibited the strong band of physically ad- 
sorbed SO2 at 280 nm and the 215-nm signal 
(shoulder) of HSO?. Reaction of the first 
increment of admitted H2S resulted in the 
formation of a band around 320 nm (S20:-, 
c-S*) and a decrease in absorbance around 

200 300 400 500 600 
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FIG. 3. UV/vis spectra after preadsorption of SO2 
onto NaX at 393 K followed by interaction with H2S at 
the same temperature. (l), After uptake of 0.38 mmol 
g-’ SO,; (2) through (5), after admission of 0.22, 0.35, 
0.62, and 0.76 mmol g-’ HIS, respectively. 

TABLE 1 

Assignments of Bands to Species Supposedly 
Involved in H2S/S02 Interaction on NaX 

UV/vis IR 
(nm) (cm’) 

Species References 

250 
215 
250 
280 
280 
320 
385 

2560 SH- (3. 5,6) 
- Sz- (47, 33) 

1240 HSOl (45, 46.32) 
- s20:- (43.32) 

1315 SOA physisorkd (‘632, 1,8) 
- S, polymeric 
- c-s& s,o:- 

(41,441 
(39, 40, 42, 43) 

- s:- (34,35, 36) 

280 and 215 nm (spectrum 2). The latter 
feature indicated partial conversion of 
physically adsorbed SO2 and chemisorbed 
HSO< (compare Section 3.1). The change 
in absorbance around 280 and 215 nm cor- 
responded to only a fraction of the initial 
absorbance due to SO2 and HSO?. Upon 
further admission of H& the 320-nm band 
continued to grow and a new band at 385 
nm appeared (spectrum 3). The absorbance 
around 280 nm, however, was reinforced. 

When the ratio HzS(admitted) : S02(pre- 
adsorbed) was close to 2: 1 (spectrum 4), 
the decrease in absorbance around 280 nm, 
being the result of SOz conversion, was 
completely compensated by the absorbance 
of products (polymeric sulfur) in the same 
UV range. The change around 215 nm was 
less pronounced, i.e., a fraction of HSO? 
still remained unconverted (spectrum 4 in 
Fig. 3). When the ratio H2S : SO2 = 2 was 
reached (spectrum 5), the reaction was 
completed, the original absorbance be- 
tween 215 and 300 nm was entirely 
regained, and the bands left in the spectrum 
were those of products, in particular at 
320-330 nm (S202,-, c-Q and 385 nm (Si-). 
The continuous increase in absorbance be- 
low 250 nm was due to the formation of 
water. 

Combination of the UV/vis spectroscopic 
measurements with those in the IR region 
(Fig. 4) provided additional information 
about the interaction of H2S and SO*. At 
393 K, the IR spectrum (Fig. 4 and Table 1) 
showed OH bands at 3650 and 3635 cm-‘, a 
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FIG. 4. IR spectra after activation of NaX, ad- 
sorption of SOz, and interaction of SO2 and H2S at 393 
K. (1), After activation of the wafer at 625 K; (2) and 
(3), after adsorption of 0.34 and 0.57 mmol g-’ SO*, 
respectively, at 393 K; (4) through (6), after subse- 
quent admission of 0.23,0.57, and 1.14 mmol g-’ HIS, 
respectively, at 393 K. 

band at 1315 cm-’ due to physically ad- 
sorbed SOz (I, 8, 9), and a shoulder around 
1240 cm-’ (chemisorbed SOI). Figures 3 

and 4 and Table 2 demonstrate that admis- 
sion of H2S to the catalyst preloaded with 
SOz at 393 K resulted in the 

(i) decrease in intensity of the 280-nm 
and disappearance of the 13 &cm- signals 
(physically adsorbed SO&, 

(ii) decrease in intensity of the band 
around 21.5 nm band and disappearance of 
the shoulder around 1240 cm-’ (both due to 
chemisorbed HSOy, see Refs. (31) and 
(32)) ; 

(iii) growth of the IR bands at 3650 and 
3635 cm-’ (indicating acidic OH groups, 
compare Refs. (31, 32, 49)); 

(iv) formation of a band at 3590 cm-’ 
(due to hydrogen bonding between acidic 
OH groups and H20); 

(v) appearance of the band of physically 
adsorbed Hz0 at 1645 cm-’ (not shown in 
Fig. 4). 

It seems that physisorbed SOz is, to some 
extent, converted into HSOI. This view is 
supported by the observation that upon 
lower H&S admission the shoulder around 
1240 cm-’ remained and the bands of acidic 
OH groups continued to grow. The conver- 
sion of SO2 according to Eq. (6), 

SO:! + Hz0 3 HSOy + H+, (6) 

might be readily assisted by some water 

TABLE 2 

Infrared Study of the Claus Reaction at 393 K with Preadsorption of SO* at 393 K 
on NaX Zeolite 

No. Cumulative reactant Maximum absorbances of the IR bands 
admission at wavenumbers (cm-‘) 

3690 3650 3635 3590 1645 1315 1240 

1.1 
1.2 
1.3 
2.1 
2.2 
2.3 
2.4 

SO2 : 0.09 mm01 g-’ - 0.03 0.04 Shoulder - - 
SOz: 0.18 mm01 g-’ - 0.07 0.07 Shoulder - Shoulder 
SOr : 0.36 mmol gg’ 0.02 0.12 0.08 0.01 - 0.04 
HIS : 0.18 mmol g-i 0.05 0.26 0.08 0.02 0.05 - Shoulder 
HrS : 0.36 mmol g-r 0.11 0.15 0.10 0.02 0.12 - 
HrS : 0.53 mmol g-i 0.17 0.13 0.07 0.04 0.18 - 
HrS : 0.70 mmol g-’ 0.21 0.12 0.06 0.05 0.24 - Shoulder 
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formed via the Claus reaction (see Eq. (2) 
and Ref. (49)). Simultaneously, the forma- 
tion of protons caused the observed in- 
crease of the density of acidic OH groups. 

Figure 4 and Table 2 demonstrate that 
further admission of H2S brought about a 
steady increase of the bands of chemi- 
sorbed and physisorbed water and a de- 
crease of the bands of acidic OH groups as 
a result of increasing hydrogen bonding to 
adsorbed product H20. The UV spectra 
(Fig. 3) showed a remarkable growth of the 
product bands at 320 (S,Oi-, C-&J) and 385 
nm ($). It seemed that the formation of 
HS03 upon the admission of HIS facilitated 
the conversion of the subsequent HZS por- 
tions. 

Subsequent thorough evacuation at 573 
K resulted in the spectrum of Fig. 5 with 
bands around 250 (S*-, see Ref. (33)), 295 
(S2), and 385 nm (S:-, see Section 3.1), a 
very prominent band at 430 nm (S,), and a 
shoulder at about 500 nm (SJ. The tentative 
assignments of the bands at 295, 430, and 
500 to S2, S3, and S4 species, respectively, 
were based on the work of Meyer et al. 
(42), who found that above 523 K 
sulfur (band at 320 nm) transforms 
sulfur chains. This conversion is more 
nounced the higher the temperature. 

c-L& 
into 
pro- 
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FIG. 5. UV/vis spectrum after preadsorption of 0.38 
mmol g-i SO1 onto NaX, admission of 0.7 mmol g-’ 
HrS (compare Fig. 3) and subsequent evacuation at 
573 K. 
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FIG. 6. UV/vis spectra after preadsorption of HIS at 
r.t. and subsequent SOZ admission. Inset: After admis- 
sion of 0.02, 0.05, and 0.14 mmol g-’ HrS, respec- 
tively; compare Ref. (33); zero line of Fig. 6 estab- 
lished after preadsorption of 0.37 mmol g-’ HrS at 
r.t; spectra (1) through (7) difference spectra after ad- 
mission of 0.02, 0.06, 0.09, 0.13, 0.21, 0.28, and 0.36 
mm01 g- SOZ, respectively; (8) and (9) spectra 
scanned 15 and 30 min, respectively, after (7). 

3.3. H2S Preadsorption at Room 
Temperature (r.t.) and 393 K Followed 
by SO2 Interaction at r.t. 

When a NaX wafer was loaded with H$S 
at r.t. and subsequently contacted with 
SO*, changes in the UV/vis spectrum oc- 
curred very slowly. Only after prolonged 
contact time, i.e., 15 h at r.t., did product 
bands appear. This was in contrast to the 
experiment with the reversed sequence of 
reactant admission (Section 3.1), in which 
the reaction started immediately and prod- 
uct bands quickly developed. 

Upon H2S adsorption on NaX at r.t., a 
band due to S*- (33) was observed at 250 
nm. The H2S spectrum was subtracted from 
all subsequent spectra, i.e., a new zero line 
was established. Figure 6 shows a set of 
difference spectra obtained after SO2 ad- 
mission to a NaX wafer, preloaded with 
H2S. As in the experiments with inverse 
reactant admission, i.e., reaction of H# 
with preadsorbed SO2 (see Sections 3.1 and 
3.2), bands at 280, 320, and 385 nm de- 
veloped, indicating the formation of reac- 
tion products and intermediates, viz., poly- 
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merit sulfur, S&, c-SS, and S:-. After a 
contact time of 2 h the difference spectrum 
consisted of only one broad band, centered 
around 320 nm. Obviously, c-S* then pre- 
dominated, but after evacuation at r.t., 
bands at 280 and 385 nm appeared better 
resolved, showing that polymeric sulfur 
and S:- species were still present. The 
density of these species increased further 
when H2S was readmitted. 

While in these experiments, with pread- 
sorption of H2S at r.t., the reaction with 
subsequently admitted SO* seemed very 
slow, the situation completely changed 
when, prior to reaction, HzS was contacted 
with the catalyst at higher temperatures. 

Spectrum 1 in Fig. 7 was obtained after 
adsorption of 0.36 mmol gg’ H# onto a 
NaX wafer. It showed the band of SzP at 
250 nm and corresponded to the inserted 
spectrum of Fig. 6. When the sample, pre- 
loaded with H$, was subsequently heated 
at 393 K for 1.5 h and then cooled to r.t., no 
significant changes in comparison to spec- 
trum 1 were observed. In fact, spectra 1 
and 2 almost coincided. However, when 
0.18 mmol g-’ SO* was added at r.t., the 
bands of polymeric sulfur (280 nm) and S:- 
(385 nm) immediately started to develop 

O* I 

200 300 400 500 600 
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FIG. 7. UV/vis spectra after treatment of pread- 
sorbed H2S at 393 K and subsequent SOI admission. 
(l), After H2S adsorption (0.36 mmol g-‘) at r.t.; (2), 
after subsequent heating to 393 K; (3), after admission 
of 0.18 mmol g-’ SO* at r.t.; (4), after subsequent 
heating to 393 K; (5), after 9 h evacuation at 493 K. 

(spectrum 3 in Fig. 7). The band at 280 nm 
most probably did not originate from phys- 
isorbed or weakly chemisorbed SO* be- 
cause it grew considerably upon further 
conversion of H2S at 393 K (see below) 
and, moreover, the IR spectra, obtained 
concomitantly from the same sample, did 
not show any band around 1315 cm-‘. 
Thus, the band is probably due to product 
species, viz., polymeric sulfur. Upon sub- 
sequent heating to 393 K, the conversion 
was even more pronounced and, besides 
the 280- and 385-nm bands, the spectrum 
(line 4 in Fig, 7) exhibited the band at 320 
nm (&Oi-, c-S*). The shoulder around 250 
nm, which originated from dissociation of 
H2S into S2- and 2H+, was also still pres- 
ent, in agreement with the earlier observa- 
tion that S2- does not react with SO2 (33). 
The species responsible for the observed 
bands were quite stable, i.e., they persisted 
even after 1 h evacuation at 473 K. Only 
after 9 h evacuation was a considerable 
decrease in intensity of all the respective 
bands measured and a conversion of S2 and 
c-S8 into sulfur chains indicated by in- 
creasing absorbance above 400 nm (Fig. 7, 
curve 5). 

The experiments described above dem- 
onstrated that heating of the NaX wafer 
after loading it with H+S obviously en- 
hanced the reactivity of H2S toward SO*. A 
similar effect was observed when the NaXI 
H2S wafer was exposed to the IR beam, 
where it reached a temperature of about 373 
K. This had been measured by tiny thermo- 
couples pressed into the wafer (48). Figure 
8 presents (1) the UV spectrum after ad- 
sorption of 0.36 mmol gg’ of H2S at r.t., (2) 
the UV spectrum after exposure to the IR 
beam, the IR spectrum (A, inset) with the 
HS band at 2560 cm-’ (5, 6), (3) the UV 
spectrum after admission of 0.18 mmol g-’ 
SOZ at room temperature, the IR spectrum 
(A’, inset) after SO2 admission and, finally, 
the UV/vis spectra (4) after the sample was 
heated in the IR beam and (5) evacuated at 
573 K. 

Again, the spectra clearly show that 
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FIG. 8. UV/vis spectra after treatment of pread- 
sorbed HrS in the IR beam and subsequent SO2 admis- 
sion. (i), After adsorption of 0.36 mmol g-i H# at r.t.; 
(2), after treatment of the sample in the IR beam for I .5 
h, where it reached a temperature of about 373 K and 
gave rise to the IR spectrum A (see inset); (3), after 
admission of 0.18 mmol g-i SO2 at r.t.; (4), after 
treatment of the sample for 1 h in the IR beam, yielding 
the IR spectrum A’ (see inset); (5), after subsequent 3 
h evacuation at 573 K. 

there is no difference between the ab- 
sorbance in UV/vis before and after the 
exposure of the NaX/H$S sample to the IR 
beam. However, this exposure markedly 
accelerated the conversion upon subse- 
quent admission of SO2 (spectrum 3). 
Moreover, another exposure to the IR 
beam caused further growth of the UV/vis 
product bands. Simultaneously, the IR 
spectra provide evidence for the reaction of 
HS- with SO1 (see inset, A + A’), in 
agreement with earlier results (8, 33). 

Obviously, the higher temperature ob- 
tained intermittently by the NaX/H# sys- 
tem, either by heating the cell or by illumi- 
nating the wafer by IR, somehow activated 
the species derived from preadsorbed H2S. 
However, it is difficult to specify how this 
activation occurs. The UV/vis spectrum 
does not show any alteration upon tempera- 
ture change or IR treatment. Measurements 
in the IR region, on the other hand, 
unavoidably require exposure of the H2S- 
loaded catalyst to the IR beam. Therefore, 
it is at present not possible to decide 

whether formation of HS via dissociation 
of H2S (5-7) occurs already at r.t. or re- 
quires thermal activation. In the latter case, 
one would conclude that the adsorbed H2S 
first must transform into HS- to become 
reactive or, at least, to initiate the reaction. 
However, another explanation of the tem- 
perature effect could be valid as well: ther- 
mal treatment might be necessary to re- 
move H2S or derivatives of H2S such as S2- 
from sites which are required for ad- 
sorption of reactive SO2 species. Further 
experiments are under way to clarify this 
point. 

The products of the reaction between 
preadsorbed, thermally treated H2S and 
SO2 were the same as when the reverse 
sequence of reactant admission was em- 
ployed: polymeric sulfur (280 nm), SZOZ-, 
c-Ss (320 nm), and Sz- (385 nm). As before, 
evacuation at 523 or 573 K removed much 
of these species or transformed them into 
chain molecules such as S3 and S4 (see 
spectrum 5 in Fig. 8). 

With respect to the classic Claus reac- 
tion, where oxygen is used for the final H2S 
oxidation instead of S02, it is interesting 
to note that the product species are the 
same as formed by the reactions described 
so far. 

4. CONCLUSIONS 

(i) Combined transmission UV-visible 
and IR spectroscopy is an appropriate tool 
for investigating adsorption and interaction 
of H2S and SO2 on zeolite catalysts for the 
Claus reaction. 

(ii) Reactivity of HSO,, formed by che- 
misorption of S02, and HS, formed by 
dissociative adsorption of H2S, was con- 
firmed. 

(iii) Spectroscopic evidence was ob- 
tained for S20z-, S’,- and c-S*, polymeric S 
as intermediates and products of the Claus 
reaction, respectively. 

(iv) The same products were observed 
irrespective of whether preadsorbed SO;? 
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interacted with H2S or vice versa or 
whether 02 was used as an oxidizing agent. 

(v) Heating of preadsorbed HzS on NaX 
to 375 K prior to interaction with SO2 at r.t. 
increased the rate of reaction. 
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