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ABSTRACT

Process for the dehydrogenation of a hydrocarbon feed com-
prising a step of dehydrogenating the hydrocarbon feed and
a step of removing hydrogen being formed by dehydrogenation
reactions, wherein the dehydrogenation and hydrogen removal
steps are performed simultaneously in presence of a dehy-
drogenation catalyst being combined with a metal compound

being reduced in presence of hydrogen.
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FIELD OF THE INVENTION

The present 1nvention relates to a process for dehydrogena-
tion of a hydrocarbon feedstock by contacting the feed at
elevated temperature with a dehydrogenation catalyst. More
particularly, the i1nvention provides a method for in-situ
removal of hydrogen by addition of a metal oxide capable of

releasing oxygen at reducing conditions and able to uptake

oxygen at oxidation conditions.

PRIOR ART

A number of processes comprising dehydrogénation reactions
are known in the art. In general, these processes suffer
from a number of disadvantages including low yield of the
desired product due to thermodynamic limitation. In addi-
tion, the need for addition of large amounts of heat limits
the conversion to the desired product. These processes are
disclosed in e.g. US Patent No. 4,914,075; Dunn R.O. et

al. (Proceedings, DeWitt Petrochemical Review, Houston,
Texas, 1992, 01); Wilcher F.P. et al. (Proceedings, DeWitt
Petrochemical Review, Houston, Texas, 1990, Tl) and

in US Patent No. 4,746,643.

The known processes for selective removal of hydrogen in a
hydrocarbon stream apply a separate stage for the removal
of hydrogen. Typically removal of hydrogen is performed Dby
interstage contacting of a partially dehydrogenated stream
mixed with oxygen with a noble metal catalyst. Examples of
this technology are given in US Patent Nos. 4,418,237,
4,435,607, 4,788,371 and 4,886,928. The limitation of the

above mentioned interstage removal of hydrogen 1s, besides
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oxidation of hydrogen in presence of oxygen, 1t may also
effect oxidation of the organic compounds present with for-
mation of carbon dioxide and carbon monoxide as a result.
Most dehydrogenation technologilies involve at least two
steps. A dehydrogenation step where the dehydrogenation
catalyst is contacted with a feed of hydrocérbons and a re-
generation step where the catalyst 1s contacted with a feed
containing oxygen. Thus, in the dehydrogenation step the
reduction potential is high, whereas in the oxidation step

the oxidation potential is high.

It is known that many metal oxides are reduced with hydro-
gen and reoxidised in presence of oxygen ét elevated tem-
perature. Such metal oxides are in the following termed re-
dox-oxides. In the above mentioned dehydrogenation cycles
these redox-oxides can be reduced in the dehydrogenation
step by reaction of metal lattice oxygen wilth hydrogen
forming water, and oxidised in the oxilidation step by reac-

tion with oxygen.

By mixing the dehydrogenation catalyst with the redox-oxide
and contacting the catalyst and the redox-oxide with a feed
containing organic compounds, it is possible to convert or-
ganic compound(s) by dehydrogenation reactions that are be-
yond the known thermodynamic limltation. An example of such

application limited to redox-oxide of the perovskites type

is given in European Patent Publication No. 558,148 Al.




10

15

20

25

30

CA 02302074 2000-03-27

SUMMARY OF THE INVENTION

In accordance with the above findings this i1nvention 1s a.
process for the dehydrogenation of a hydrocarbon feed com-
prising a step of dehydrogenating the hydrocarbon feed and
a step of removing hydrogen being formed by*dehydrogenation
reactions, wherein the dehydrogenation and hydrogen removal
step are performed simultaneously 1n presence of a dehydro-
genation catalyst being combined with a metal compound be-

ing reduced in presence of hydrogen.

In the process of the invention, hydrogen, which 1s formed
upon dehydrogenation of organic compound(é), is oxidised by
a redox-oxide with high selectivity providing a higher
overall conversion and selectivity of the dehydrogenation
process. Catalysts being active in the dehydrogenation of
hydrocarbon compounds are conventionally 1n the art and
known from the literature 1ncluding the above mentioned
patent publications. In general, any metal compound being
able reversibly to change state of oxidation at process
conditions employed in the process will be useful as redox
metal compound in the inventive process for the removal of

formed hydrogen. Those redox metal compounds include oxidic

metal compounds and metal oxides.

The combined dehydrogenation and redox metal catalysts may
be prepared by conventional methods known in the art, e.gq.
physically admixing particles of the dehydrogenation cata-

lyst with the redox metal compound or co-precipitation of

the components and optionally with calcination in air.
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Example 1

A quartz fluid-bed reactor was charged with 100 ml of a de-
hydrogenation catalyst sample of a chromium-on-alumina

catalyst. The catalyst was in form of spheres with an aver-

age particle size of 70 pm.

The reactor was operated at a pressure slightly above at-
mospheric pressure and in a cyclic mode with the following

steps:

1. Oxidation in air at 650°C, 30 min.

2. Purge with nitrogen at 650°C, 15 min.
3. Reduction with CH4 at 650°C, 4 min.

4, Cooling with nitrogen from 650°C to 580°C, 15 min.

5. Dehydrogenation of i-butane at 550-580°C, 15 min.

6. Purge with nitrogen, 15 min.

Steps 1 to 6 were repeated several times and the tempera-

ture in the dehydrogenation step was variled.

As a comparison example, pure dehydrogenation catalyst was
used. The feed flow in the dehydrogenation step was 40
Nl/h. The exit gas from both oxidation step and the follow-
ing purge step was collected in a bag. In a separate bag
the exit gas from the dehydrogenation step and the follow-
ing purge step was collected. The composition of the gas 1n

the two bags was analysed by gas chromatography. The re-

sults are given in Table 1.
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Example 2

After addition of 2% wt of silica coated vanadilium phospho-
rous redox-oxide the tests described under Example 1 were

5 repeated. The results are given in Table 1.

Example 3

After addition of 5% wt of silica coated vanadium phospho-

10 rous redox-oxide the tests described under Example 1 were

repeated. The results are given in Table 1.
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Experiment

1 Pure dehy-
drogenation
1 Pure dehy-
drogenation
1 Pure dehy-
drogenation

1 Pure dehy-
drogenation

dox-oxide
2 +2%wWL re-
dox—-oxide
2 +2%wLt re-
dox—-oxide
2 +2%wt re-
dox-oxide
2 +2%wWt re-
dox-oxide
3 +5%wt re-
dox-oxide
3 +5%wt re-
dox—-oxide
3 +5%wt re-
dox-oxide

Example 4

A quartz fluid-bed reactor was charged with 100 ml of a de-

2 +2%wt re- -
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Table 1

i-butane dehydrogenation

Temperature
°C

550

560

570

580

550

560

570

580

590

560

570

580

Conversion
WL

41,15

44,91

49,48

MW

54,05

39,57

43,39

47,60

52,13

56,35

39,59

44,70

49,39

Selectivity
| Wt |

91,20
89,79

87,14

83,17

94,30 -

93,51

92,10

90,18

87,86

893,94

92,87

92,03

hydrogenation catalyst sample of a chromium-on-alumina

catalyst. The catalyst was in form of spheres with an aver-

age particle size of 70 pm.
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The reactor was operated at a pressure slightly above at-

mospheric pressure and in a cyclic mode with the following

steps oxidation in air at 650°C, 30 min:

1. Purge with nitrogen at 650°C, 15 min.

2. Dehydrogenation of propane at 550-620°C, 15 min.

3. Purge with nitrogen, 15 min.

The steps 1 to 4 were repeated several times and the tem-

perature in the dehydrogenation step was varied.

As a comparison example the pure dehydrogenatlon catalyst
was used. The feed flow in the dehydrogenation step was 52
Nl1/h. The exit gas from both oxidation step and the follow-

ing purge step was collected in a bag. In a separate bag

the exit gas from the dehydrogenation step and the follow-

ing purge step was collected. The composition of the gas 1n
the two bags was analysed by gas chromatography. The re-

sults are given 1in Table 2.

Example 5

After addition of 5% wt of silica coated wvanadium phospho-

rous redox-oxide the experiments described under Example 4
were repeated. The results are glven 1n Table 2.

Example 6

After addition of 10% wt of silica coated wvanadium phospho-

rous redox-oxide the experiments described under Example 4

were repeated. The results are given in Table 2.
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Table 2

Propane dehydrogenation

Experiment | Temperature |Conversion Selectivity
o swWt Swt

4 Pure dehy- 575 45,31 " 63,53
drogenation
0 tO3IWL re- 575 30,80 86,12
dox-oxide
0 +O3WL re- 605 43 67 75 09
dox-oxide
o Fo%WL re- 612 46,42 73,89
dox—-oxide

S 1.1t -
6 +10%wt re 612 38,59 62 52
dox-oxide
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CLAIMS

1. Process for the dehydrogenation of a hydrocarbon

feed comprising a step of dehydrogenating the hydrocarbon
feed and a step of removing hydrogen being formed by dehy-
drogenation reactions, whereln the dehydrogenation and hy-
drogen removal steps are performed simultaneously 1n pres-
ence of a dehydrogenation catalyst being combined with a

metal compound being reduced in presence of hydrogen.

2 . Process of claim 1, wherein the metal compound 1s

selected from metal phosphates and metal oxides.

3. Process of claim 1, wherein the combined metal
compound and dehydrogenation catalyst is 1in form of a

physical mixture.

4 . Process of claim 1, wherein the combined metal

compound and dehydrogenation catalyst 1s obtainable by co-

precipitation of corresponding precursor material and ther-

mal treatment.

5. Process of claim 2, wherein the metal compound 1is

vanadium phosphate and/or molybdenum oxide.
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