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Process for preparing alpha-olefins by dehydration of 

fatty alcohols 

Alpha-olefins are prepared by dehydration of fatty 

alcohols in the vapor phase over an Al2O3 catalyst which 5 

is free from basic additions. Prior to the dehydration, 

the fatty alcohol is admixed with 20 to 300 ppm of ammonia 

and the dehydration is performed at a pressure lying 

below the atmospheric pressure and at temperatures in the 

range of 280 to 330ºC. The catalyst consists at least 10 

99.8% of gamma-aluminum oxide.  

Description 

15 

The invention relates to a process for preparing alpha-

olefins by dehydration of fatty alcohols in the vapor 

phase over an Al2O3 catalyst without basic additions.  

The dehydration of fatty alcohols to alpha-olefins 20 

proceeds according to the reaction equation  

Alpha-olefins are characterized here by the terminal 25 

double bond. If the double bond is located not at the 
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edge of the molecule but rather further within, then no 

alpha-olefin is present and for compounds of this kind 

the designation “internal olefins” is used below.  

The dehydration of fatty alcohols in the vapor phase over 5 

an Al2O3 catalyst for the preparation of olefins and also 

alpha-olefins is described comprehensively in Houben-

Weyl “Methoden der organischen Chemie”, 4th edition 

(1972), volume V/1b, pages 45-56. There is also an 

exposition in Indian Journal of technology, volume 10 10 

(Dec. 1972), pages 463-464, where alcohols and more 

particularly hexanol, heptanol or octanol were 

dehydrated. Operation in this case takes place using an 

Al2O3 catalyst at temperatures of about 350 to 400ºC. To 

increase the yield of alpha-olefins, the catalyst is 15 

doped with alkali metal or alkaline earth metal.  

The object on which the invention is based is that of 

implementing the aforementioned process with high 

conversion and good selectivity and with little formation 20 

of residue. In accordance with the invention this is 

accomplished by the addition to the fatty alcohol prior 

to the dehydration of 20 to 300 ppm of ammonia and by the 

implementation of the dehydration at a pressure below the 

atmospheric pressure and at temperatures in the range of 25 

280 to 300ºC over a catalyst which consists at least 

99.8% of gamma-aluminum oxide.  

With the catalyst, which is known per se, it is possible 

to operate at a relatively low temperature, achieving a 30 

conversion of at least 98%. Without the addition of 

ammonia, the alpha-selectivity would amount to about 90%. 

The alpha-selectivity is computed from the amount of 

alpha-olefins in the product, relative to the total 

olefin content. The relatively low addition of NH335 

improves the alpha-selectivity considerably, reducing 

the formation of unwanted by-products and also of 

internal olefins. The addition of more than 300 ppm of 
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ammonia is possible, but makes no further contribution 

to improving the product. Usually it is sufficient to 

limit the addition of ammonia to a maximum of 200 ppm. 

The effect of the ammonia in the context of the virtually 

pure gamma-Al2O3 catalyst to be used is surprising. When 5 

operating with other catalysts based on aluminum oxide, 

pretreated for example by annealing or addition of alkali 

metal/alkaline earth metal, the addition of ammonia to 

the fatty alcohol has not shown any positive effect.  

10 

Preference is given to using a catalyst having a BET 

specific surface area of 150 to 300 m2/g and a specific 

pore volume, measured by the method of mercury 

porosimetry, of 0.5 to 0.8 l/kg. It is advisable to use 

a catalyst which not only is free from basic additions 15 

but also contains no doping otherwise. The purity of the 

gamma-Al2O3 catalyst may therefore even be about 99.9% or 

even somewhat higher. Catalysts of this kind are 

designated strongly acidic, and achieve virtually 

complete dehydration of the fatty alcohols employed.  20 

For the process of the invention it is advisable to 

operate at a pressure below the atmospheric pressure, and 

preferably at a pressure of at most 0.5 bar. For the 

dehydration of fatty alcohols having 12 to 20 C atoms per 25 

molecule, preference is given to operating at a pressure 

in the range from 50 to 200 bar. Where C4 to C12 fatty 

alcohols are to be dehydrated, pressures in the range 

from 100 to 500 mbar are recommended.  

30 

The dehydration of the invention is implemented 

preferably by passing the evaporated and ammonia-admixed 

fatty alcohols over a bed of granular catalyst material, 

with hourly space velocities of 0.5 to 2 liters of fatty 

alcohols per liter of catalyst being recommended. It is 35 

useful during the dehydration to observe large isothermal 

conditions, in which case, for example, a tubular reactor 

known per se and heated with a salt bath is used. It is 
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also possible to employ a reactor having multiple 

catalyst layers, in which case the energy supply needed 

for the dehydration may take place by heating between the 

layers. Good results are achieved if the dehydration is 

carried out at temperatures of at most 320ºC.  5 

The olefin-rich crude product produced by the dehydration 

of the fatty alcohols is distilled in order to separate 

the olefins from the residue. The conversion refers to 

the ratio of the amount of fatty alcohol converted to the 10 

amount of fatty alcohol subjected to the dehydration; 

this conversion is at least 98%. The level of the fraction 

of the alpha-olefins in the olefin mixture of the product 

is ascertained by gas-chromatography analysis.  

15 

Examples 

In the four examples described below, operation takes 

place in each case with a laboratory apparatus which has 

a reaction tube 1.5 m in length with an internal diameter 20 

of 25 mm which is heated from outside by a salt bath. The 

tube contains an inert layer of glass beads for 

establishing the temperature of the fatty alcohol vapor, 

and a 300 ml catalyst bed consisting of extrudates with 

a diameter of 1.5 mm. The fatty alcohol used is pure 25 

stearyl alcohol (C18), which is vaporized in an evaporator 

upstream of the reaction tube. The vapor is passed in the 

reaction tube first over the inert layer, to heat the 

vapor to reaction temperature, and then over the 

catalyst. After exit from the reaction tube, the product 30 

is cooled, condensed and freed from reaction water by 

decanting; this is followed by the distillative isolation 

of the olefins. In each experiment, the fatty alcohol 

throughput is 300 ml per hour. A vacuum pump draws off 

vapors from the condensed product; the pressure 35 

measurement is made at the entry to the reaction tube. 

The temperature for all of the examples was selected such 

that the conversion is at least 98%.  
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Example 1 

The catalyst is a strongly acidic gamma-aluminum oxide 

catalyst having a specific surface area (BET) of 200 m2/g, 5 

a pore volume of 0.57 l/kg and a purity of 99.5%. The 

dehydration takes place at a temperature of 340ºC and a 

pressure of 100 mbar. A conversion of 99% is achieved, 

and the product has an alpha-selectivity of 60%. After 

distillative removal of the olefins from the product, a 10 

residue of 2% by weight is left, based on the original 

product, and consists primarily of dimers and long-chain 

ethers. No improvement in the selectivity was achieved 

by the metered addition of 200 ppm of NH3 to the starting 

material.  15 

Example 2 

The catalyst consists of gamma-aluminum oxide with 0.4% 

by weight of CS2O and is therefore somewhat less acidic 20 

than the catalyst in example 1. The catalyst otherwise 

matches that of example 1. In order to achieve a 

sufficient conversion, the temperature must be raised to 

360ºC; the pressure again is 100 mbar. A conversion of 

98% is achieved, the alpha-selectivity in the product is 25 

93%, and the residue of the distillative removal of the 

olefins from the product is 8% by weight. The alpha-

selectivity was not improved by addition of 200 ppm of 

ammonia to the fatty alcohol.  

30 

Examples 1 and 2 show that customary process conditions 

lead to results that are not very satisfactory.  

Example 3 

35 

A gamma-aluminum oxide catalyst is used having a purity 

of 99.9%, a specific surface area (BET) of 210 m2/g and 

a pore volume of 0.7 l/kg. As a result of the purity, the 
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catalyst is strongly acidic. No ammonia is added to the 

fatty alcohol for dehydration. At a temperature of 300ºC 

and a pressure of 50 mbar, a conversion of 99.7% and an 

alpha-selection of 91% are achieved. The residue 

following distillative removal of the olefins from the 5 

product is only 1%.  

Example 4  

(mode of operation in accordance with the invention) 

10 

The catalyst used is the same as in example 3 and 200 ppm 

of NH3 are added to the evaporated fatty alcohol. As a 

result, an alpha-selectivity of 95% is achieved in the 

product; the rest of the conditions and the results are 

the same as described in example 3.  15 

Claims 

1. A process for preparing alpha-olefins by dehydration 

of fatty alcohols in the vapor phase over an Al2O320 

catalyst without basic additions, characterized in 

that the fatty alcohol is admixed prior to the 

dehydration with 20 to 300 ppm of ammonia and the 

dehydration is carried out at a pressure below the 

atmospheric pressure and at temperatures in the 25 

range from 280 to 330ºC over a catalyst which 

consists at least 99.8% of gamma-aluminum oxide.  

2. The process of claim 1, characterized in that the 

dehydration of fatty alcohols having 12 to 20 C 30 

atoms per molecule is operated at a pressure in the 

range from 50 to 200 mbar.  

3. The process of claim 1, characterized in that the 

dehydration of fatty alcohols having 4 to 12 C atoms 35 

per molecule is operated at a pressure in the range 

from 100 to 500 mbar.  
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4. The process of claim 1 or one of the following, 

characterized in that the fatty alcohols are 

dehydrated with hourly space velocities of 0.5 to 2 

liters per liter of catalyst.  

5 

5. The process of claim 1 or one of the following, 

characterized in that the dehydration takes place 

at temperatures of at most 320ºC.  

6. The process of claim 1 or one of the following, 10 

characterized in that the dehydration is carried out 

under largely isothermal conditions.  
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