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Abstract

Propanen-hexane n-decane, and hydrogen were used as co-reactants in the desulfurization of thiophene catalyzed by
H-ZSM5 at 673 K. These co-reactants lead to hydrogen-rich intermediates, which are required for the removal of unsaturated
fragments formed in thiophene decomposition reactions. Thiophene desulfurization rates increased with increasing alkane
chain size, suggesting that the availability of hydrogen-rich intermediates increases with increasing alkane reactivity. Desul-
furization rates with alkane co-reactants were significantly higher than those achieved with hydrogen. Sulfur is predominately
removed as hydrogen sulfide (>80% S-selectivity) in the presence of alkane co-reactants, but much lower hydrogen sulfide
selectivities were obtained when hydrogen was used and when thiophene decomposed in the absence of any co-reactants. Th
presence of thiophene did not alter the nature of the cracking, dehydrogenation, oligomerization, and cyclization pathways
typical of alkane reactions or the overall rates of propane conversion on H-ZSM5. The selectivity for alkane conversion
to aromatics, however, increased when alkane reactions occur concurrently with thiophene desulfurization, indicating that
thiophene-derived intermediates contribute to the formation of aromatics by scavenging alkene intermediates formed from
the alkane co-reactants. The higher alkene/alkane ratios observed during alkane reactions in the presence of thiophene are
consistent with the scavenging of hydrogen-rich intermediates by thiophene-derived species via reactions that form aromatic
molecules containing carbon atoms from both alkane and thiophene reactants.
© 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction formed during thiophene desulfurization on Bronsted

acid sites. Thiophene-derived intermediates desorb to

The desulfurization of thiophene using propane form hydrocarbons and hydrogen sulfide selectively

molecules as co-reactants was recently reported onduring propane—thiophene reactions, without the di-
H-ZSM5 and cation-exchanged H-ZSM5 catalysts rect involvement of gas phase; Hnolecules formed
[1,2]. In this coupling reaction, propane provides ad- during concurrent propane dehydrogenation and de-
sorbed hydrogen and hydrogen-rich alkenes required hydrocyclodimerization reactions. These reaction
for the removal of unsaturated adsorbed species pathways were confirmed usingC and?H isotopic

tracer studie$3,4]. Previous studies have shown that
"+ Corresponding author. Tek: 1-510-642-9673; hydrodesu!furization of thiophene can also be car-
fax: +1-510-642-4778. ried out using hydrogen on cation-exchanged zeolites
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Here, we extend these previous studies to reactionsvelocity or by allowing deactivation to proceed with
of higher alkanes with thiophene in order to probe increasing time on stream. The effects of conversion
the effects of alkane size and reactivity on the rate, on reaction selectivity were independent of which
selectivity, and deactivation behavior of thiophene one of the two methods was used in order to change
desulfurization reactionsn-Hexane andn-decane the reactant conversion level. Deactivation rates are
were chosen because, in contrast with propane, theyreported as first-order rate constants, obtained from
undergoB-scission and cyclization without requiring the exponential decay in rate with time on stream
chain growth. The reaction pathways of these larger expected from first-order site deactivation processes.
alkanes are typical of those prevalent during catalytic ~ Reactant and product concentrations in the reac-
cracking processes, in which thiophene desulfuriza- tor effluent were measured by gas chromatography
tion can also occur and lead to the consequent forma- (Hewlett-Packard 6890) using capillary (HP-1 cross-
tion of hydrogen sulfide and organosulfur compounds linked methyl silicone, 50 mx 0.32 mm, 1.05.m
larger than thiophengl2—16} film) and packed columns (Hayesep-Q, 80/100 mesh,

10ftx0.125in.) and flame ionization and thermal con-
ductivity detectors. Product identifications based on

2. Experimental methods elution sequence were confirmed by mass spectromet-
ric analysis after similar chromatographic separation
Na-ZSM5 (Zeochem, Si/Al= 145) was ex- protocols. Sulfur compounds were identified using

changed three times with a 0.25 M NYNO3 (Aldrich, a GC-MS system equipped with the same capillary
99.999%) solution at 353K for 16 h. After each ex- column and with an electron-impact mass selective
change, the slurry was filtered and washed with deion- detector (Hewlett-Packard 5971),8 was measured
ized water in order to obtain NHZSM5. NHs-ZSM5 and quantified using TCD areas relative to Ar (inter-
was treated in ambient air at 398 K overnight and nal standard). Reaction rates are reported as turnover
then at 773K in flowing dry air (Airgas, zero grade) rates (reactant molar conversion rate/g-atom Al-s).
for 20 h to form H-ZSM5. The synthesis and charac- Product selectivities are reported on a carbon basis
terization of the H-ZSM5 samples have been reported as the percentage of the total carbon atoms converted
elsewherd17-19] in the reactant stream (alkane or alkane-thiophene)
H-ZSM5 samples were treated in flowing dry air appearing as a given product. Sulfur selectivities are
(Airgas, zero grade) at 773K for 1 h before catalytic reported similarly, but based on the number of sulfur
reactions. Catalytic rate and selectivity measurements atoms present in the reacted thiophene molecules.
were carried out at 673 or 773 K using a tubular flow
reactor with plug-flow hydrodynamics. Thiophene
(LkPa, Aldrich, >99%) was added to a propane-He 3. Results and discussion
stream (20 kPa, Praxair, certified mixture) using a lig-
uid metering pump (Cole-Parmer 74900). Thiophene/  Thiophene desulfurization reactions were studied
n-hexane (1kPa/20kPay-hexane, Aldrich, >99%)  using propanea)-hexane, and-decane as co-reactants.
and thiophenetdecane (1 kPa/6 kPa or 12 kiPeglec- These results are reported as thiophene desulfurization
ane, Aldrich, >99%) reactants were introduced as pre- first-order rate constants, because the high thiophene
mixed liquids into a flowing He stream using the conversions attained required that reaction rates be
same liquid metering pump. The twedecane partial ~ described using rigorous integral plug-flow hydrody-
pressures (6 and 12 kPa) used were meant to provide anamic models. Independent kinetic studies have con-
comparison with propane (at 20 kPa) and withex- firmed this first-order dependence of desulfurization
ane (20kPa) at their respective equivalent “carbon” reactions on thiophene concentration. These rate con-
(or —CH,-) partial pressures. All liquid reactants were stants are reported ifiable 1for reactions of thio-
vaporized immediately upon injection and transferred phene withn-decane (at 673 Knp-hexane (at 673 K),
into the reactor and the analytical system through or propane (at 773K). At similar —CH effective
heated lines kept at 403 K. The reactant conversion pressures, desulfurization rate constants were higher
levels were changed by varying the reactant space with n-decane (6 kPa) than with propane co-reactants
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Table 1

Comparison of pure alkane and alkane-thiophene reactions on H-ZSM5 £SIIAK)

Reactants He/ C3Hg C3Hg/ CgH14 CgH14/ CioH22 CioH2o/  CioHo2  CigHo2o/

C4H4S C4H4S C4H4S C4H4S C4H4S

Reaction temperature (K) 773 773 773 673 673 673 673 673 673

Reactants (alkane/thiophene) (kPa) 0/1 20/0 20/1 20/0 20/1 6/0 6/1 12/0 12/1

Alkane conversion to hydrocarbons - 18.5 9.6 63.0 60.1 38.8 37.3 34.2 33.6
(%)

Hydrocarbon formation rate - 1.4 15 22.9 21.9 47.1 43.3 72.0 71.3
(per Al103s71)

Hydrocarbon deactivation - <0.001 0.055 0.014 0.18 0.0090 0.22 0.026 0.34
rate constantkg) (h~1)

Thiophene conversion (%) 9.2 - 77.9 - 89.1 - 50.0 - 56.6

Thiophene desulfurization 0.063 - 0.61 - 1.6 - 3.7 - 10.0
rate (per Al103s71)

Thiophene desulfurization rate 0.015 - 0.25 - 0.88 - 0.90 - 3.4
constant ) (x10*cm®/(mol Al-s))

Desulfurization deactivation 0.18 - 0.033 - 0.086 - 0.090 - 0.097

rate constantkg) (h—1)

(20kPa) (090 x 10~*cmd/(mol Al-s) versus @5 x each alkane reactant when thiophene was present than
10~* cm?/(mol Al-s)), even at the lower temperatures for the respective pure alkane reactant. Such effects
used for the thiophene—decane mixtures (673 K versusare consistent with the formation of more unsatu-
773 K). Desulfurization rate constants at 673 K were rated intermediates during thiophene desulfurization
also higher witm-decane (12 kPa) than withhexane and alkane dehydrocyclodimerization reactions as the
(20 kPa) co-reactants @x 10~4 cm?/(mol Al-s) ver- hydrogen-to-carbon ratio decreases with increasing
sus 088 x 10~*cm®/(mol Al-s)). alkane chain length.

Hydrocarbon formation rates using pure alkanesand  Thiophene desulfurization rate constants at 673 or
alkane—thiophene mixtures are also showmable 1 773K for alkane—thiophene reactant mixtures were
Hydrocarbon formation rates were not strongly influ- also compared to those measured at 773 K using hy-
enced by the presence of thiophene, but the selectivity drogen molecules as co-reactanfalfle 9. Desulfu-
to aromatics was significantly higher for each alkane rization rate constants (at 673 K) witikhexane and
when thiophene is preseriigble 3. The higher reac-
tivity of larger alkanes led to higher rates of C—H bond Table 2
activation ?‘nd to more.readlly "?‘Va"ab'e hydrogen, Comparison of thiophene desulfurization rate constants in the
hydrogen-rich adsorbed intermediates, and alkenes, allpresence of hydrogen or propane at 773K, and hexane or decane
of which provide pathways for the reactive desorption at 673K on H-ZSM5 (773 or 673K, 1kPa4s84S, 0-200kPa
of thiophene-derived unsaturated fragments formed hydrogen, 20kPa §Hs, 20kPa @His, 6kPa GoHzz, or 12kPa
on acid sitesn-Hexane andn-decane were signifi- ~ CtoHz2: balance He)

cantly more effective reactants than propane, even atGas phase pressure of
the lower temperatures used for the reactions of thesehydrogen source (kPa)

Thiophene desulfurization
rate constantk

(x10* cm?/(mol Al-s))

larger alkanes.
First-order deactivation rate constants are shown
. 100 (Hp) (773K)
in Table 1for each alkane reactant and for the cor- 200 (Hy) (773K)
responding alkane—thiophene mixture. Deactivation g (GHs) (773K)
rate constants for thiophene desulfurization reactions 20 (GHi4) (673K)
increased with increasing alkane chain size. Deacti- 6 (CioHz22) (673K)
vation rates for dehydrocyclodimerization reactions 12 (CioHz2) (673K)
) . o X 20 (GzHg) (773K) Zn/H-ZSM5
also increased with alkane size; they were higher for

0 (773K)

0.015
0.032
0.077
0.25
0.88
0.90
3.4
0.44
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n-decane as co-reactants are not only greater thanways prevalent during alkane reactions can lead to
those with propane co-reactants, but also much greatersignificant effects of reactant conversion and reac-
than those achieved with 100—200kPa &t 773K tor residence time on product distributions. For each
(Table 2. Even when Zn cations were exchanged into alkane, the presence of thiophene led to higher selec-
H-ZSM5 in order to provide hydrogen dissociation tivities to aromatic products, as reported previously
sites,n-hexane and-decane are significantly more ef- for propane reactantg]. Isotopic tracing of reac-
fective hydrogen sources for thiophene desulfurization tion products formed from mixtures of thiophene and
than hydrogenTable 9 [1]. 13C-labeled propane on H-ZSM5 and Co/H-ZSM5
The effects of thiophene co-reactants on the prod- showed that these higher aromatics selectivities were
ucts formed from propanea)-hexane, anch-decane only partially caused by the contribution of thiophenic
on H-ZSM5 are shown iTable 3 Hydrocarbon se-  carbons to these aromatic products. The aromatics
lectivities measured with and without thiophene are selectivity of the propane dehydrocyclodimerization
compared for each alkane ifable 3 these com- reaction itself also increased when thiophene was
parisons are presented at similar alkane conversionpresent as a scavenger for propane-derived hydrogen
levels, because primary and secondary reaction path-and hydrogen-rich intermediatgy. Reactions among

Table 3

Comparison of product selectivities (on a per total carbon basis of both reactants) during pure alkane and alkane-thiophene reactions or
H-ZSM5 (Si/Al = 14.5)

Reactants He/ CsHg CsHg/ CgH1sa CgHia/  CigH22 CioH2o/  CigH22 C1oH22/
C4H4S C4H4S C4H4S C4H4S C4HaS

Reaction temperature (K) 773 773 773 673 673 673 673 673 673

Reactants (alkane/thiophene) (kPa) 0/1 20/0 20/1 20/0 20/1 6/0 6/1 12/0 12/1

Hydrocarbon formation rate - 0.94 1.7 31.9 11.9 90.6 37.2 145.7 71.3
(per Al103s71)

Thiophene desulfurization 0.070 - 0.63 - 1.21 - 3.10 - 10.0
rate (per Al103s71)

Alkane conversion to hydrocarbons (%) - 11.2 7.9 30.9 33.6 31.9 31.8 33.0 32.6

Thiophene conversion (%) 9.6 - 69.9 - 67.9 - 46.6 - 56.6

Selectivity (%C)
CHy 0.27 25.0 17.7 0.14 0.23 0.036 0.037 0.040 0.039
CoHa 11 34.5 21.7 3.2 3.8 2.7 2.3 2.6 2.2
CoHs 0 6.9 3.9 12 1.8 0.3 0.3 0.3 0.2
CszHs 0.45 20.1 9.9 8.7 9.8 19.7 18.0 16.4 15.2
CsHg 0 - - 32.2 30.9 14.3 13.8 14.8 14.0
Butenes 0 4.0 2.0 8.5 8.4 21.0 20.5 19.0 19.5
Butanes 0 4.7 21 25.6 195 15.7 15.2 17.6 16.9
Cs—Cs 2.0 0.53 0.60 143 106 23.8 24.6 24.9 25.9
Cr—Cg - - - - - 1.4 14 2.2 2.3

Ce+ aromatics 4.9 4.1 34.5 5.7 13.4 13 3.2 2.4 3.4

Alkene/alkane ratios
Cs - - - 0.27 0.32 1.38 1.30 111 1.09
Cy - 0.85 0.92 0.33 0.43 1.34 1.35 1.08 1.15

Sulfur selectivity (%)
Hydrogen sulfide 49.1 - 90.5 - 92.9 - 89.8 - 95.7
Methylthiophenes 5.8 - 2.8 - 3.5 - 6.2 - 3.4
Dimethylthiophenes 0 - 0.5 - 2.0 - 3.0 - 0.8
Benzothiophene 45.1 - 6.3 - 1.6 - 1.0 - 0.0

aExcluding n-hexane.
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unsaturated products of thiophene and hydrogen-rich When thiophene is used as the sole reactant, it reacts
intermediates formed from alkanes lead to synergistic predominately via bimolecular Diels—Alder reactions
effects that increase the rate of both alkane dehy- to form equimolar amounts of benzothiophene and hy-
drocyclodimerization and thiophene desulfurization drogen sulfide Table 3. When alkanes were present
reactions. as a hydrogen source, the hydrogen sulfide selectiv-
The alkene to alkane ratios forsGnd G prod- ity increased markedly, concurrently with a decrease
ucts of alkane and alkane—thiophene reactions are alsoin the selectivity to larger organosulfur compounds.
shown inTable 3 Alkene/alkane ratios are greater Thiophene reacts with hydrogen and hydrogen-rich
when thiophene is present as a co-react@able 3. species rather than with other thiophene molecules,
This indicates that thiophene scavenges hydrogen andleading to the selective formation of hydrogen sulfide.
hydrogen-rich intermediates, leading to a higher se- Detailed product distributions are shown in
lectivity to unsaturated products. Figs. 1-3as a function of alkane or total (alkare
The various sulfur compounds formed are also thiophene) reactant conversion for each alkane and
shown inTable 3and reported as sulfur selectivities, alkane—thiophene mixture; in these experiments, the
defined as the percentage of the sulfur in the convertedreactant conversion was varied by changing the re-
thiophene appearing within each reaction product. actant residence time, or by allowing deactivation
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Fig. 1. Product selectivity of (a and b) propane and (c and d) propane-thiophene reactions on H-ZSM5 BI/3)l as a function of
total carbon conversion ((a and b): 773K, 20 kPsHg, balance He; (c and d): 773K, 20kPaHl, 1 kPa GH4S, balance He).
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Fig. 2. Product selectivity of (a and b) hexane and (c and d) hexane—thiophene reactions on H-ZSM5 (S8l as a function of total
carbon conversion: ((a and b): 673K, 20 kPgHg4, balance He; (c and d): 673K, 20kPaHG4, 1 kPa GH4S, balance He).

to proceed with increasing time on stream—Cp benzothiophene were the predominant organosulfur
products consist of methane, ethene, and ethane.compounds.

The G fraction contains both propene and propane  Product distributions for reactions of pure propane
and the @G products contain butenes and butanes; and of propane-thiophene reactants are shown in
Cs—Cs aliphatic products consist of pentenes, pen- Fig. 1 At short contact times, {=C, products are
tanes, hexenes, and hexanes. Thg Gromatics formed via direct propane cracking, while propene
fraction contains benzene, toluene, xylenes, as well and hydrogen are formed via propane dehydrogena-
as traces of higher aromatics. Alkylthiophenes and tion steps, as shown in the scheme below.
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C4 and G, products become more prevalent at reaction scheme proposed above for propane become
higher conversions, because of their formation via dominant as a result of the more stable carbocation
secondary oligomerization and cracking reactions of intermediates available for larger chains. Cracking
alkenes. When thiophene was present, the selectivitiesreactions initially involve direcB-scission reactions
to C—C,, propene, and £products were lower, while  of hexane-derived adsorbed intermediates—@G
the selectivity to aromatics was highé&id. 1). Alkene alkene selectivities decreased with increasing con-
intermediates react with thiophene to form aromatics, version, while selectivities to $-C, alkane and g
instead of participating in alternate pathways, such aromatics products increased. The alkenes formed in
as hydrogenation or cracking, which lead to higher primary cracking steps are consumed via hydrogena-
alkane selectivities. Previous studies have shown thattion to form alkanes and via oligomerization/cracking
the addition of alkenes to ethylthiophene increased reactions to form aromatics with increasing residence
its desulfurization reaction rate; this was attributed to time. Thiophene does not influence the nature of
the formation of carbocations from the added alkenes n-hexane cracking pathways, but it leads to higher se-
[13]. Thiophene does not appear to influence the types lectivities to aromatics, with a concurrent decrease in
of reactions involved in propane conversion, but it re- the cracking selectivity (to £and G hydrocarbons),
acts with hydrogen-rich intermediates derived from as also observed for propane reactants. It appears
propane and leads to an increase in the overall selec-that these selectivity changes reflect reactions of un-
tivity for alkane conversion to aromatics. saturated thiophene-derived fragments with alkenes

Cs and G hydrocarbons are the predominant initial to form aromatics containing carbon atoms from
products ofn-hexane cracking on H-ZSM5 at 673K  both thiophene and-hexane as also observed for
(Fig. 2), suggesting that cracking pathways in the propane—thiophene mixtures.
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n-Decane reactions include multiple cracking

events, even at short residence times, suggesting that
several C—C bonds are cleaved in one surface sojourn.

Initial B-scission along the chain to form38Cs
hydrocarbons is followed by sequential secondary
cracking of these molecules-if. 3), with the ul-
timate formation of mixtures containing predomi-
nately G—C; molecules. As for propane and hexane
co-reactants, thiophene addition tedecane did not
strongly influence the types of reactions, but it in-
creased slightly the selectivity to aromatics while
decreasing the selectivity tog€C,4 products.

The percentage of the sulfur removed that ap-
pears as hydrogen sulfide is shownFHig. 4aas a
function of thiophene conversion for pure thiophene
feeds, for hydrogen—thiophene mixtures, and for each
alkane—thiophene mixture. 43 selectivities for all
alkane—thiophene reactions are significantly higher
than for reactions of pure thiophene or of-thio-
phene mixturesKig. 49. During reactions of pure
thiophene, bimolecular Diels—Alder pathways lead to
the preferential reaction of thiophene-derived frag-
ments with another thiophene to give one hydrogen
sulfide molecule and one benzothiophene molecule.
Thus, it appears that the rate-controlling step in
H>S formation is the transfer of hydrogen from
alkane-derived intermediates to unsaturated thio-
phene-derived fragments, as proposed in previous
studies from the effects of hydride transfer agents
on desulfurization rate$13] and from theoretical
studies of acid-catalyzed thiophene desulfurization
[20]. These conclusions are consistent with reports
that cracking catalysts with higher hydrogen transfer
activity tend to form fewer heavier sulfur compounds
in fluid catalytic cracking process¢s].

Alkanes provide the hydrogen atoms required
for desorption and desulfurization of these heavier
organosulfur compounds, either via direct hydro-
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Fig. 4. (a) Hydrogen sulfide selectivity of alkane-thiophene re-
actions on H-ZSM5 (Si/Al= 145) as a function of thio-
phene conversion: thiophene only (773K, 1kPaHgS, bal-
ance He), hydrogen—thiophene (773K, 200kPa hydrogen, 1kPa
C4H4S, balance He), propane-thiophene (773K, 20 kRB&lsC
1kPa GH4S, balance He), hexane-thiophene (673K, 20kPa
CeH14, 1kPa GH4S, balance He), decane-thiophene (673K,
6kPa GoHz2, 1kPa GH4S, balance He). (b) Hydrogen sul-

gen transfer or via reactions of stranded unsaturated fide/organosulfur compound molar ratio for alkane—thiophene re-

species with hydrogen-rich alkenes. The scaveng-
ing of thiophene-derived unsaturated intermediates
using adsorbed hydrogen and hydrogen-rich inter-
mediates or gas phase alkenes decreases the rate
bimolecular Diels—Alder reactions; this leads in turn
to the formation of larger organosulfur compounds
and to low HS selectivity.Fig. 4b shows the molar
ratio of HpS to organosulfur compounds as a func-
tion of thiophene conversion for pure thiophene, for

actions on H-ZSM5 (Si/Al= 14.5) as a function of thiophene
conversion: thiophene only (773K, 1kPaHyS, balance He),
hydrogen-thiophene (773 K, 200 kPa hydrogen, 1 ki#d4S, bal-
ance He), propane—thiophene (773K, 20 kR&l§; 1 kPa GH4S,

dfalance He), hexane-thiophene (673K, 20kPgH{G, 1kPa

C4H4S, balance He), decane-thiophene (673K, 6 kRaH&,
1kPa GH4S, balance He).
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Fig. 5. Product sulfur selectivity of propane-thiophene reactions on H-ZSM5 (Si/A4.5) as a function of total carbon conversion:
773K, 20kPa @Hg, 1 kPa GH4S, balance He.

the three alkane co-reactants used in this study, andreflected in the observed increase of thiophene desul-
for Hy co-reactants. This ratio was larger withh H  furization rates with increasing alkane chain length
co-reactants than with pure thiophene feeds; it was (Table J).

even larger when alkanes were used as co-reactants. The detailed sulfur speciation among reaction prod-
This selectivity ratio increased with increasing alkane ucts are shown ifigs. 5—7or each alkane-thiophene
chain length, apparently because of the higher re- mixture as a function of total (alkane thiophene)
activity and hydrogen transfer rates prevalent when reactant conversion. For all alkane co-reactants, hy-
higher alkanes are used as co-reactants, which is alsodrogen sulfide is the predominant sulfur compound
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Fig. 6. Product sulfur selectivity of hexane—thiophene reactions on H-ZSM5 (Si/#4.5) as a function of total carbon conversion: 673K,
20kPa GH14, 1 kPa GH4S, balance He.
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Fig. 7. Product sulfur selectivity of decane—thiophene reactions on H-ZSM5 (Sil4.5) as a function of total carbon conversion: 673K,

6 kPa GgHz2, 1 kPa GH4S, balance He.

formed, but small amounts of organosulfur com-
pounds (methylthiophene, dimethylthiophene, and
benzothiophene) are also formed via alkylation of
thiophene or via bimolecular Diels—Alder reactions
(Figs. 5-7. With propane co-reactants, benzothio-

bons on H-ZSM5 at 673 K. Thiophene desulfurization
rates, rate constants, and deactivation rates increased
with increasing alkane chain size. The higher reactiv-
ity of larger alkanes leads to their more effective use
as a source of hydrogen and hydrogen-rich intermedi-

phene was the most prevalent organosulfur compound, ates, which are involved in reactions with unsaturated
while hexane and decane co-reactants led to the pre-fragments formed in thiophene desulfurization reac-

dominant formation of alkyl-thiophene§&i¢s. 5-7.
The lower reactivity of propane compared with that

tions. All three alkanes are also more effective desul-
furization co-reactants than,H{100-200 kPa, 773 K),

of larger alkanes led to lower rates for the scavenging even when H dissociation sites, in the form of Zn

of thiophene-derived precursors, which are required
as intermediates in the formation of larger organosul-
fur compounds. With all three alkane co-reactants,
the selectivity to methylthiophene is greater than that
for dimethylthiophene Kigs. 5-7 and the HS se-
lectivity increases with increasing conversion at the
expense of the formation of organosulfur compounds
(Figs. 5-7. This indicates that organosulfur com-
pounds react further with increasing residence time
to form hydrogen sulfide and hydrocarbon products
in secondary desulfurization reactions.

4. Conclusions

Propanen-hexane, andh-decane were used as an
effective co-reactant in the selective desulfurization
of thiophene to form hydrogen sulfide and hydrocar-

cations, are introduced onto H-ZSM5 catalysts during
synthesis. The presence and scavenging reactions of
thiophene molecules do not alter the nature of alkane
reaction pathways on H-ZSM5, but the selectivity for
alkane conversion to aromatics increases as a result of
the selective reaction of alkane-derived species with
unsaturated fragments formed in thiophene decompo-
sition and desulfurization reactions.
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