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Abstract 

The catalytic activity of zeolite encapsulated cobalt-phthalocyanine for thiol autoxidation varies with the composition of 
the zeolite support. Different zeolites were compared with carbon supports. The Si/Al ratio in the zeolite appears to be the 
key factor: it determines the hydrophobicity of the support, and it influences the loading of active complex in the zeolite. 
Two different types of reaction were tested: in an aqueous alkaline medium, the activity increases with hydrophobicity of the 
support (thus giving carbon a substantial advantage), while in an organic medium, were the commonly used systems are less 
efficient, sodium Y zeolite is more active than the usual carbon support. 
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1. Introduction 

Merox (mercaptan oxidation) is a process 
used worldwide for the removal of thiols from 
petroleum fractions [I]. In the Merox process, 
mercaptans are oxidized to disulfides in an alka- 
line medium in the presence of a metal phthalo- 
cyanine, most often cobalt or vanadium phthalo- 
cyanine (CoPc and VPc, respectively). The ac- 
tive complex is in many cases supported on 
carbon, but different solid supports have been 
tried successfully [2-g]. Zeolites are very inter- 
esting supports for oxidations with transition 
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metal complexes, especially for phthalocyanines 
[9- 123. These molecular sieves efficiently pro- 
tect the active complex encapsulated in their 
internal volume, and introduce a very important 
selectivity. However, X is the only zeolite that 
has been used for the oxidation of thiols [ 131. 
We present here a study of different zeolite 
types for the support of CoPc for the Merox 
process, varying the composition and the topol- 
ogy. We have compared these supports with 
carbon, and have used our catalysts for the 
oxidation of short chain thiols in an alkaline 
aqueous phase as well as that of long chain 
thiols in an organic medium. We have then been 
able to rationalize the relative reactivities of the 
different catalysts on the basis of the composi- 
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tion of the zeolite used. In the organic phase 
Merox sweetening, we found that zeolite sup- 
ported cobalt-phthalocyanine is more active 
than the carbon supported catalyst normally 
used. 

2. Methods 

2.1. Preparation of the catalysts 

Zeolite X is from Tamino, Y from Zeocat, 
and USY (Ultra Stable Y zeolite) is from P&Q 
(USY CBV 720). Zeolite EMT was synthesized 
as previously described [14]. %/Al ratios are 
given in Table 1. The zeolites are exchanged 
with cobalt, then mixed under nitrogen with 8 
equivalents of DCB (dicyanobenzene) per cobalt 
ion, and heated slowly up to 300°C and kept at 
this temperature for 4 h. The material obtained 
was Soxhlet extracted successively with ace- 
tone, dimethylformamide, and again with ace- 
tone. The carbon supports were from Norit (Cl: 
hydrophilic, 1000 m2/g> and Degussa (C2: hy- 
drophobic, 82 m’/g>. Cobalt phthalocyanine 
was adsorbed on the carbon support from a 
dichloromethane solution. CoPc loading in the 
catalyst was measured by UV-Vis spectroscopy 
after dissolution of the sample in sulfuric acid, 
as described by Romanovsky [15]. 

2.2. Oxidation reactions 

2-Mercaptoethanol oxidation was performed 
at room temperature in pH 9.6 buffered solution 

Table 1 
CoPc loading of the different catalysts, determined by UV-Vis 
spectroscopy after dissolution in concentrated sulfuric acid 

Catalyst Loading Loading Si/Al 
( pmol/g) (wt%,) 

COPCX 522 29.7 1.22 
COPCY 496 28.2 2.45 
CoPcEMT 387 2.20 3.6 
COPCUSY 39.3 2.24 13.5 
COPCC 1 36.4 2.07 - 

CoPcC2 35.8 2.04 - 

Table 2 
Influence of the temperature on the autoxidation of dodecanethiol, 
and comparison of carbon with zeolite support 

Temp. Catalyst Solvent Conversion (%) after: 

(“0 4b 20 h 

20 COPCY n-hexane 24 26 
60 COPCY n-hexane 15 21 
60 CoPcC2 n-hexane 11 20 
80 COPCY n-hexane 6 15 
120 COPCY toluene - 1 

(NaHCO,/NaOH), saturated with an oxygen 
flow with vigorous stirring. 0.5 g catalyst were 
used, with 0.5 g methanol as internal standard 
for the GC analyses. After addition of thiol 
(0.08 mol), samples were taken and filtered, and 
analyzed on a CP Sil 5-CB column from 
Chrompack, with an FID detector. 

Dodecanethiol oxidations were performed in 
an autoclave, with 0.5 g catalyst, 5 ml decane as 
internal standard for the GC analyses, and 200 
ml solvent (see Table 2). After addition of the 
thiol (19.2 ml) at the chosen temperature, 9 bar 
oxygen pressure was built up in the autoclave. 
Vigorous stirring was maintained during the 
reaction. A closed autoclave under oxygen pres- 
sure was necessary because the solvent used 
would very quickly evaporate in a constant gas 
flow. Samples was centrifuged before GC anal- 
yses, done on a CP Sil 5-CB column from 
Chrompack, with an FID detector. 

3. Results and discussion 

The amount of CoPc supported by the zeolite 
(the so-called loading) diminishes with increas- 
ing Si/Al ratio, with a fairly good correlation 
with the decrease of the exchange capacity (Ta- 
ble 1). Although it is not directly linked to the 
number of available cobalt ions (an important 
proportion of the metal will remain free), the 
amount of CoPc formed is more important when 
there is more cobalt in the zeolite. Other factors 
depending on the Si/Al ratio can have an effect 
(acidity of the lattice, hydrophobicity, . . . ). The 



F. Thibault-Starzyk et al./Journal of Molecular Catalysis A: Chemical 109 (1996) 75-79 77 

loading of the carbon supports does not depend 
on the nature of the material, but was chosen 
during the synthesis so that the complex does 
not form a multilayer. 

We have compared the different supports in 
two different reaction models: oxidation of low 
molecular weight thiols in an alkaline aqueous 
medium, and oxidation of long chain thiols in 
an organic medium. Long chain thiols are 
weakly soluble in water, and their oxidation 
must be done in an organic phase. This reaction 
has been much less studied, because it is more 
delicate to perform in the laboratory, although 
its industrial and environmental interest is cer- 
tain. 

All the catalysts we studied show good activ- 
ity for the autoxidation of mercaptoethanol in an 
alkaline aqueous phase (Fig. 1). For comparison 
with already described catalysts, we have used 
as reference supports the X zeolite, used by 
Schulz-Ekloff et al. [13], and two carbon sup- 
ports, because charcoal is the standard industrial 
support. Cl is an active carbon, with many 
oxygen containing groups on the surface, and 
thus a hydrophilic character. C2 is a very hy- 
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drophobic carbon black. The support by itself 
shows some activity, and results with the bare 
carbon and with cobalt exchanged Y zeolite are 
also shown on Fig. 1. Selectivity was in all 
cases 100% for the disulfide, and there was no 
trace of deeper oxidation products. Turnover 
numbers (TON: number of catalytic cycles per- 
formed by each catalytic site) are difficult to 
calculate, because the number of accessible 
complexes in a zeolite is not always well known. 
We provide an estimation of turnover rates 
(TOR: number of catalytic cycles performed by 
each catalytic site in one hour) in Fig. 1, assum- 
ing that all complexes are active. Considering 
that not all the complexes are accessible, the 
actual TOR’s are in fact very probably much 
higher, and our estimation only gives a strict 
minimum. 

The conversion never reached 100%. This 
was not due to deactivation of the catalyst, 
because any further added thiol was converted 
at the same rate, with no sign of deactivation. 
This limited conversion was rather explained by 
diffusion limits in our experimental setting: 
disulfide can form a separate phase and dissolve 
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Fig. 1. Oxidation of mercaptoethanol in aqueous solution on the different catalysts at 25°C. TOR are estimated turnover rates, in h- ’ (see 
text). 
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some of the thiol, that will no longer be readily flexibility and reactivity control than carbon 
accessible. supports. 

In an aqueous phase, zeolite supported cata- 
lysts are less active than those on carbon, some- 
times by several orders of magnitude. The rela- 
tively high decrease of thiol concentration with 
the carbon supports can be partially explained 
by the ability of carbon to generate free radicals 
that can initiate the reaction, and to adsorb 
thiols more strongly than zeolites. In the zeolitic 
series, the reaction rate increases with increas- 
ing Si/Al ratio in the support. Among the 
various factors linked to this ratio, hydrophobic- 
ity plays the most important role in this particu- 
lar case, and comparison of the two carbon 
supports is meaningful here. On the more hy- 
drophobic support C2, the reaction is two to 
three times faster than on Cl. Considering only 
the turnover rate in an alkaline aqueous medium, 
supports for CoPc show the following catalyst 
reactivity order: 

In conclusion, hydrophobicity is a key factor 
for the autoxidation of mercaptans in aqueous 
medium on zeolite supported cobalt phthalocya- 
nines. Y zeolite is the zeolitic support giving the 
best compromise between complex loading and 
hydrophobicity. For the oxidation of long chain 
thiols in an organic medium, zeolites can com- 
pete with carbon supports used in industry, and 
open interesting possibilities. 
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In an organic phase, the situation is greatly 
modified, and Y zeolite gives now the most 
active catalyst, even compared to the carbon 
supported ones (Table 2). The main limitations 
to the reaction are the weak ionization of the 
thiol into the thiolate, and the solubility of 
oxygen. Because of the decrease of oxygen 
solubility when temperature increases, the reac- 
tion rate also decreases, and there is no signifi- 
cant conversion at 120°C below 9 bar oxygen ‘. 
We are presently studying the optimization of 
the encapsulated complex by various substitu- 
tions. These results indicate a possible improve- 
ment of the industrial Merox process using cata- 
lysts supported on zeolites, which offer more 
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