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NOTES 

Catalytic Desulfurization 

XII. Similarity of Dehydrosulfurization of Ethanethiol and Dehydration 

of Ethanol over Alumina Catalyst 

In a previous publication (I), two of us 
reported that alumina showed :I high cata- 
lytic activity in the dchydrosulfurization of 
ethanethiol (C2HjSH) to form ethylcnc, 
hydrogen sulfide, and dicthyl sulfide. How- 
ever, the mechanism was not clear. The 
molecular structure of ethawthiol is wry 
similar to that of ethanol, and the mccha- 
nism of dehydration of ethanol over alu- 
mina has brcn extensively studied (9X). 
The reaction is assumed t#o proceed via 
sluminium ethoxide as reaction intclr- 
mediat,e (S-6). It was therefore considered 
important to compare the behavior and 
the adsorption states in the dchydrosul- 
furizat’ion of ethanethiol and the dehgdra- 
tion of ethanol over alumina in order to 
clarify the mechanism of t’hc former 
reaction. 

The behavior of both reactions with 
temperature and the adsorption st’atc of 
both reactants over alumina wcrc invcsti- 
gated, rcspcctivcly, by the use of a conven- 
tional pulse reactor and by infrared spec- 
troscopy, following the same m&hods as 
those dcscribcd in our previous paper (‘7). 
The alumina catalyst was prepared by the 
hydrolysis of aluminium isopropoxidc and 
then calcincd at 500°C for 4 hr in air. The 
BET surface area was 280 m”/g. 

For t,hcir experiments, finely powdrrcd 
catalyst was pressed into a thin wafer 
(diamctrr , 2 cm) under l-3 tons/cm2. After 
evacuation at 250°C for 2 hr in the ir cell, 
200 Torr of cthancthiol or 100 Torr of 
ethanol wcrc introduced at room temprra- 

turc for 30 min. The gaseous phase was 
cvacuattd at room temperature for 30 min, 
and then ir spcct’ra of adsorbed species 
were obwrvcd at the same tcmpcraturc. 
Since no ir spectra of adsorbed species were 
observed on CaO and Si02 following such 
a treatment, these oxides being inactive for 
the dehydrosulfurization of ethanethiol (I), 
it was concluded that physisorbed species 
wcrc completrly eliminated from the cata- 
lyst surface by this procedure. The ir 
spectra observed in this work are therefore 
uttributsble only to chcmisorbcd species. 

Figure 1 shows the behavior of both 
catalytic reactions over alumina as a func- 
tion of reaction temperature. Dispropor- 
tionation products such as dicthyl sulfide 
and diet’hyl ether wcrc predominantly 
formed at lowr reaction tcmperaturcs, but 
ethylene became t’he main product in both 
rcact’ions as the reaction t~empcrature in- 
creased. It was found that the behavior of 
dehydrosulfurization of ethanethiol over 
alumina is similar to that’ of the dchydra- 
tion of ethanol, although ct,hanol showed a 
higher reactivity than cthanethiol over the 
catalyst. This similarity of behavior of both 
reactants over alumina catalyst suggests 
that the adsorption state and reaction 
mechanism in the dehydrosulfurization of 
cthancthiol are analogous to those of 
dehydration of ethanol. 

Their spectra obtuincd for both lea&ants 
when adsorbed on alumina and t’hc assign- 
ment’s of the bands are shon-n in Fig. 2. 
The bands of the st,rcrt,ching and bending 
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FIG. 1. Behavior of dehydrosulfurization of 
ethanethiol and dehydration of ethanol over alumina 
against reaction temperature. Experimental con- 
ditions: catalyst weight, 0.01 g; carrier gas (He) 
flow rate, 30 ml/min; sample injection, 2 ~1. -, 
dehydrosulfurization of ethanethiol ; - - - -, de- 
hydration of et,hanol. 

modes of the alkyl groups in the spect’ra of 
adsorbed ethancthiol and ethanol were 
observed in the neighborhood of 1350, 
1450, and 2950 cm-‘, respectively. The 
band of 3000-3500 cm-’ in the hydroxyl 
group region of the catalyst background 
broadened after the adsorption of both 
reactants. The change of spectra in the 
hydroxyl group region indicates that bot,h 
reactants interact with the surface hydroxyl 
group of alumina surface to form hydrogen 
bonds. The spectra arc similar with both 
reactants, the main difference being the 
large absorption band at 1660 cm-l assigned 
to the carbonyl group which was observed 
in the spwtrum of adsorb(>d ethanol. As it 
has been rcport,cd that aluminium ethoxidc 
is formed when ethanol adsorbs onto 
alumina (S, 4, C;) and as the ir spectra of 

adsorbed ethanol observed in this work 
are in agreement with those of aluminium 
ethoxide obtained by other authors (4, 6), 
it is assumed that adsorbed species like 
aluminium ethoxidc are formed here. This 
is supported by the following facts. 

In the spectrum of adsorbed ethanethiol 
shown in Fig. 2, the band of the -CH,S- 
group of adsorbed ethanethiol was observed 
at 1268 cm-l but that of the -SH group at 
around 2550 cm-’ was not observed. The 
-SH group was, however, observed in the 
spectra of ethancthiol adsorbed on 
hydrogen-Y zeolite and metal-ion- 
exchanged Y zeolite which produce only 
ethylene and hydrogen sulfide as reaction 
products in the dehydrosulfurization of 
ethanethiol (7). The fact that t’he -SH 
group was not observed on alumina sug- 
gests that ethanethiol adsorbs with dissocia- 
tion of the -SH group and forms an adsorp- 
tion species like >Al-S-CzHj, which is 
similar in structure to alminium cthoxide, 
>Al-0-CzHj. When ethanol adsorbs ont’o 
alumina wit’h dissociation of the -SH 
group, the hydrogen atom of the -SH 
group is assumed to form a new hydroxyl 
group with a surface oxygen atom and, as 
a result, the hydroxyl group absorption in 
the range of 3000-3500 cm-l is broadened. 

The spectrum of adsorbed cthanethiol 
disappeared with evacuation at 50°C for 
30 min but that of adsorbed ethanol did 
not disappear with this treatmctnt. This 
implies that the adsorption of ethancthiol 
onto alumina is not so strong, and the 
adsorption spccics of cthanethiol is more 
unstable than that of ethanol. However, 
this unstable adsorption spccics of cthane- 
thiol on alumina would bo able to become 
a reaction intcrmediatc in the dehydro- 
sulfurization of ethanethiol. The dchydro- 
sulfurization of ethanethiol carried out in 
the pulse reactor show-cd that the reaction 
initiated at around 2OO”C, as shown in 
Fig. 1. How-cvcr, dict,hyl sulfidc and hy- 
drogen sulfide desorbed from the catalyst 
surface at around 100°C in an experiment 
on thermal desorption of adsorbed ethane- 
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FIG. 2. Spectra of ethanethiol and ethanol on alumina: (a) Background ; (b) exposed to 200 Torr 
of ethanethiol at room temperature, then pumped at room temperature; (c) exposed to 100 Torr 
of ethanol at room temperature, then pumped at. room temperature. 

thiol carried out in a static apparatus, in 
which the cxperimcntal conditions wre 
very close to that of the ir spectroscopic 
study (8). Furthermore, the catalyst color 
changed from whit,c to light yellow aft’er 
the evacuation trcatmc>nt at 50°C for 
30 min following formation of the adsorbed 
specks of ethancthiol at room tcmpcwturc. 

From these results, it can bc considcrcd 
that the adsorbed spccics of cthnncthiol on 
alumina is already activated at around 
50°C and would have the ability to become 
a reaction intermediate in the dehydro- 
sulfurization of ethanethiol over alumina 
catalyst. From the similarit,y of behavior 
and ir spectra of both rcactunts on alumina, 
it can be concluded that the dehydro- 
sulfurization of cthanethiol on alumina 
proceeds by a reaction mechanism ana- 
logous t,o the dehydrat.ion of ethanol on the 
same catalyst, in which t,he reaction intor- 
mediate is considered to be an aluminium 
et’hoxidc. 
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