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Abstract

Oxidative conversion of ethane to ethylene over a SrO-promotgkEupported on low-surface area macroporous silica—alumina commer-
cial catalyst carrier (SA5205, obtained from Norton Co., USA) in presence of steam (stg&fymniGle ratio = 1.0) and limited ©(C,Hg/O>
mole ratio> 4.0) has been thoroughly investigated. Influence of different process parameters such as temperature°@0EE8600,
feed ratio (4.0-8.0) and space velocity (50, 000-200, 0Gycih—1) on the conversion of ethane and product selectivity in the process has
been studied. High selectivity-80%) of G, olefins at 50—70% conversion of ethane could be obtained at very low contact time without
coke deposition on the catalyst at 800-860
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction catalysts[2—-8] and alkaline earth metal-promoted JGy
[9-12] or other rare earth oxidfL3] catalysts. The alkali
Oxidative conversion of ethane to ethylene in presence of metal-containing catalysts have poor thermal/hydrothermal
catalyst is futuristic process of great practical importance. stability because of the presence of low melting or volatile
Ethylene is a keystone to petrochemical industry, and is pro- active components. However, alkaline earth-metal promoted
duced commercially from ethane, ethane—propane mixture orcatalysts have no such problem. Since oxidative conversion
naphthaby theirthermal cracking inthe presence of sighm  of ethane is exothermic and also involves formation of water,
However, this conventional process is highly endothermic, there is a need to develop a catalyst, which not only is active
energy intensive and also involves extensive coke formation. and selective but also has high thermal and hydrothermal sta-
The large amount of coke deposits on the inner walls of tubu- bility. High mechanical strength is a basic requirement of any
lar cracking reactor because of which the heat transfer from commercial catalyst. This could be achieved by supporting
the reactor walls is reduced, requiring higher wall tempera- the catalyst on a porous catalyst carrier having high mechan-
ture (upto 1100C). This consequently requires more energy, ical strength and high thermal/hydrothermal stability. In this
reduces the life of reactor tubes and also needs the procesgvestigation a supported SrO-promote@®@s catalyst sat-
shutdown for physical removal of the coke. In order to over- isfying the above requirements and also operating at very low
come these problems associated with conventional processgontact time in the process has been reported.
worldwide efforts have been made by many for oxidative con-
version of ethane to ethylene, using alkali metal-containing

2. Experimental

* Corresponding author. Tel.: +91 20 25893300 ext. 2316/2345;
fax: +91 20 25893359. The supported catalyst [SrO (11.6wt.%)}Bg (15.6
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cial catalyst support SA-5205 (obtained from Norton Co., 3F
USA), crushed to 22—-30 mesh size patrticles, first by erbium
nitrate (GR LOBA) and then with strontium nitrate (extra
pure, LOBA) by using the incipient wetness technidiL4].
After each impregnation, the resulting particles were dried
at 90°C for 16 h and then calcined in static air at 9@for

4 h. SA-5205 is an inert macro-porous (porosity: 50%) cata- o L . . . . . .

lyst carrier, having a low-surface area (<0.04gn?t) and it ok
consists mainly of AlO3 (86.1 wt.%) and Si@(11.8 wt.%). ok
The oxidative conversion of ethane to ethylene reaction wl C. olefins
B 2+

was carried out over the catalyst at atmospheric pressure = co CH, g
. . . L X C, paraffins
in a continuous-flow quartz tubular reactor having low dead 20 [ CH, 3
volume, described elsewheEs], at different temperatures 0 | Wy
(700-850°C), C;He/O; feed ratios (4.0-8.0) and gas hourly o T ) - ——
space velocities (50,000-200, 000%g1! h—1) in the pres- 100
ence of steam (steam/Bg mole ratio = 1.0). The feed con-
sisted of mixture of pure ethane, oxygen and steam; no feed
diluent was used. The space velocity was calculated’@t 0

and one atmosphere pressure. The reaction temperature was
measured by a Chromel-Alumel thermocouple located in the i CH

catalyst bed. The reactor effluent gases, after the removal 0L . ! . . I
of water by condensation at°@ were analyzed by an on- 700 750 800 850
line gas chromatograph with TCD detectors using Poropak-Q Temperature (°C)

and Spherocarb columns. The selectivity foHz and G
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Fig. 1. Influence of temperature on the conversion of ethane angréd-

olefins is defined as: ! seletiviy and Colopratio i the oxidat et
. - o) = uct selectivity an ratio in the oxidative conversion of ethane to
Select|V|ty for GHz and G+ olefins ( /0) (mOIe ofethane ethylene over supported Sr-promotec@s catalyst [reaction condition:

converted to ethylene and other olefins /moles of ethane con-c, /0, = 6.0, steamigHs = 1.0, space velocity = 100,000 g2 h-1].
verted to all the productsy 100.
3.2. Influence of gHg/O; ratio

3. Results and discussion Fig. 2shows a strong influence obBg/O- feed ratio on
the process performance. With increase in thel§O, feed

Results showing the effect of various process parame- ratio, the process performance was influenced as follows.
ters such as temperature (700-880), CHg/O, feed ra-
tio (4.0-8.0) and space velocity (GHSV = 50,000-200,
000cn?g—1h~1) on the conversion of ethane and oxygen,
product selectivity (for @Hg4, Coy oOlefins, G paraffins,
CH4 and CQ,) and CO/CQ product ratio in the process are
presented irrigs. 1-3 No coke deposition was observed on
the catalyst for all the process conditions.

— The conversion of §Hg and G is decreased, however, the
decrease in @conversion is very small.

— The selectivity for GH4 and G- olefins is increased but
the selectivity for CQ and selectivity for CH is de-
creased. However, the change in the selectivity fgr C
paraffins is very small.

— The CO/CQ ratio is increased, sincesQs available at
lower and lower concentrations.

3.1. Influence of temperature

The resultsirig. 1show a strong influence of temperature 3:3. Influence of space velocity

on the conversion of §Hg and Q, selectivity for GHa, Cot

olefins, CH,, Cz, paraffins, CQ and the CO/C@ product
ratio, as follows. With the increase in the reaction tempera-

The influence of space velocity on the process perfor-
mance (at 850C) is shown inFig. 3. The increase in the
space velocity (from 50,000 to 200,000%gn*h—1) results

ture: L
in:
— the conversion of §Hg and Q is increased as expected. — a decrease in the conversion of reactantidgcand Q as
— the selectivity for GHg4, Cy olefins and CHis increased, expected. However, the decrease in thecOnversion is
however, the selectivity for £ paraffins and CQis de- very small.
creased. — aincrease in the selectivity fopBj4, Co olefins and G,

— the CO/CQratiois increased, which showsthe occurrence  paraffins but a decrease in the selectivity for/aid CQ,,
of homogeneous reactions in which the formation of CO  and
is favored over C@ more predominantly. — alarge increase in the CO/G@atio.
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Fig. 2. Influence of @Hg/O, feed ratio on the conversion of ethane and
O3, product selectivity and CO/COratio in the oxidative conversion of
ethane to ethylene over supported Sr-promotegDErcatalyst [reaction
condition: temperature = 85, steam/GHg = 1.0, space velocity =
100,000 crig=th=1].
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Fig. 3. Influence of space velocity on the conversion of ethane and O
product selectivity and CO/C£xatio in the oxidative conversion of ethane
to ethylene over supported Sr-promoted@y catalyst [reaction condition:
temperature = 850C, G;Hg/O, = 6.0, steam/@Hg = 1.0].

The process is expected to involve a complex network
of both heterogeneous and homogeneous reactions such as
catalytic and non-catalytic oxidative conversion of ethane
reactions (exothermic) and thermal cracking of ethane
(endothermic) reactions in the presence of limitedaDthe
high temperaturex700°C), as discussed earli¢®9]. The
catalytic reactions are more predominant at the lower tem-
peratures (below 75@C). At the higher temperatures (above
750°C), the homogeneous (non-catalytic) and surface-
originated homogeneous reactions also become increasingly
important. The homogeneous reactions are simultaneously
occurring with heterogeneous reactions. In order to reduce
the contribution due to the homogenous reaction, low dead
volume reactor packed with inert support was used.

Our earlier studies on non-catalytic oxidative conversion
of ethane to ethylene in the presence of limited [@6]
showed that because of the activation of ethane by molec-
ular oxygen cracking ethyl radicals and their subsequent de-
composition to ethylene [reactions 1 and 2 given below], the
conversion of ethane purely by its thermal cracking is drasti-
cally increased.

CoHg + O2 — CoHs + HO, (homogeneous reaction) (1)
CoHs — CoHs +H  (homogeneous reaction) 2)

Ethane is expected to be activated on the catalyst surface
by the surface oxygen as follows.

CoHg + [O]s — C2Hs + [HO]s  (surface reaction)  (3)
and the [O], sites are regenerated by the dehydration reaction,

2[OH] — [O]s + H20O (surface reaction) (4)

3.4. Influence of catalyst support

The support provides not only better dispersion but also
a high mechanically strength and thermally/hydro thermally
stable porous matrix for the catalyst for practical use in the
high temperature process. The particles or pellets of the cat-
alyst without the support undergo disintegration into smaller
pieces or powder causing an unacceptable larger pressure
drop across the catalyst bed in the reactor, when exposed
to humid atmospheres. The supported SrO-promote@£r
showed better performance (higher ethane conversion, activ-
ity and selectivity for the g, olefins) than the unsupported
catalyst in the proceg43].

4. Conclusions

The high ethane conversion (50-70%) and high ethylene
selectivity &80%) in the process can be obtained at very
high space velocity (as high as 200, 00G@n® h—1) without
formation of coke using the supported SrO-promotegiizr
catalyst.
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