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Method for removal of organic amines from hydrocarbon streams 

The present invention relates to a method for removal of an organic amine from a liquid hydro­

carbon stream containing the amine. 

In the chemical industry, processes are often conducted resulting in an outlet stream product or a 

feed stream to a process unit comprising hydrocarbons and amines. An example thereof is the 

outlet stream from a reactor utilized for preparing linear alpha-olefms (LAO) by oligomerization 

of ethylene. The linear alpha-olefms produced are then separated into different fractions for fur­

ther use or marketing. Often, an amine is added during the oligomerization process or is added 

into a reactor outlet piping system. Such processes are, for example, disclosed in US 5,811,619 

or W02009/095147. The problem of corrosion of stainless steel trays of distillation columns in 

LAO plants was due to the formation of organic chlorides. 

In case of LAO production, without an efficient removal of the amines, the LAO-product with a 

certain concentration of the amine has to be marketed under consideration of its amine content, 

which may restrict its applicability for certain downstream processes. For example, the amine 

could represent a poison in processes with sensitive catalytic reactions. 

In many cases, it is difficult to remove the organic amine from a hydrocarbon stream or fractions 

thereof by distillation as the boiling points of the amine and the hydrocarbon stream, especially 

fractions thereof, are very close. For example, n-dodecylamine (DDA) is often added in an oli­

gomerization process, which after the product fractionation finally ends up in the C!4-LAO-

product fraction. Since DDA has a boiling point close to the C^-product, it can not be removed 

by distillation. The same is true for the addition of 2-ethyl-hexyl-amine which has a very close 

boiling point to C50-linear alpha-olefms. 

Another general approach for removal of an organic amine from a hydrocarbon stream is to react 

the amine containing hydrocarbon stream with an acid to convert the amine into an amine salt. 

Subsequently, the amine salt can be extracted into an aqueous phase. 
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However, this method results in plants with considerable investment cost under utilization of 

acid-resistant materials of construction.

In the patent US 4,717,553 a process for removing amines having normal boiling points under 

100°C from a gas stream by passing the gas stream through activated carbon in the presence 

of carbon dioxide is disclosed.

It is therefore an object of the embodiments disclosed herein to provide a method for removal 

of an organic amine from a liquid hydrocarbon stream containing the amine which overcomes 

the drawbacks of the prior art. Especially, a method shall be provided enabling that the hydro-

carbon product can be marketed without any restrictions due to its amine content. Further, a 

method shall be provided wherein the amine can be easily removed from the hydrocarbon 

stream and recycled afterwards.

It is also an object of the embodiments disclosed herein to provide a method for removal of 

organic amine from hydrocarbon streams containing the amine which avoids the requirements 

of high investment costs and the use of acid resistant materials for construction.

In a first aspect, there is provided a method for removal of an organic amine from a liquid 

hydrocarbon stream containing the amine, comprising the steps:

a. adding water to the hydrocarbon stream containing the amine,

b. bubbling carbon dioxide through the hydrocarbon stream containing the amine, 

and

c. separating a solid phase formed containing the amine from a liquid phase.



WO 2013/053623 

-3-

PCT/EP2012/069461 

In one embodiment, the hydrocarbon stream containing the amine is an outlet-stream frora a re­

actor for preparing linear alpha-olefms (LAO) or a fraction of such an outlet stream. 

In another preferred embodiment, the organic amine is an amine, which is liquid at room tem­

perature and normal pressure. 

In one embodiment, the organic amine has a boiling point higher than 100°C. The inventive 

method is especially suitable for the removal of liquid amines having boiling points of above 

100°C, but being still liquid at room temperature and normal pressure. Respective amines have 

preferably strong basicity, compared to gaseous mono-, di- and triethylamines. Thus, they easily 

react without any catalysts, such as activated carbon. 

More preferably, the organic amine is 2-ethyl-hexyl-amine and/or n-dodecylamine. 

In one embodiment, the water is added in an amount from 5 - 70 % by weight relative to the 

total amount of hydrocarbon stream, preferably 15 - 60 %, more preferably 25 - 50 %. 

In another embodiment, bubbling is carried out for 5 — 60 min, preferably 10-50 min, more 

preferably 20 - 40 min. 

Preferably, the flow rate of carbon dioxide is in a range from 50 - 150 cc/min, based on the total 

amount of liquid hydrocarbon mixture present in the reactor. 

Even preferred, the added water is at least once replaced, at least partially, by fresh water while 

bubbling carbon dioxide through the hydrocarbon stream. 

Replacement of water by fresh water was found to facilitate the separation of the amines from 

the liquid hydrocarbon stream. 
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In another preferred embodiment, separating is carried out by filtration. 

Also preferred, the method, especially separating, is carried out in a temperature range from 30 -

80°C, more preferred 50 - 80°C. At very low temperatures, such as 15 - 25°C, the separation of 

solid formed is not satisfying. 

Even preferred, the amine can be recovered from, the solid phase by heating the solid phase in 

water or in an aqueous solution. 

Finally it is preferred that the liquid hydrocarbon stream contains linear alpha-olefms (LAO), 

preferably Cs-Cjo linear alpha-olefms, and optionally organic solvent. 

Surprisingly, it was found that the inventive method for removing an organic amine from a hy­

drocarbon stream containing the amine provided finally a hydrocarbon product which can be 

marketed without any restrictions due to its amine content. In detail, the amine concentration of 

the hydrocarbon stream can be reduced from about 5 to 6 wt-% to less than 0.5 ppm. 

Further, it was surprisingly found that the method of the present invention allows easy removal 

and recycling of the amine. 

Finally, the inventive method can be carried out without utilizing any special acid-resistant 

equipment. Especially, it is obvious that the inventive method thus offers savings on investment 

and maintenance costs and increases plant reliability. 

In the inventive method, it is assumed that the organic amine does react with the carbon dioxide 

to form carbamate zwitter ions, as primary and secondary amines rapidly react with carbon diox­

ide. The addition of water, especially in high amounts, increases the sorption capacity and rate 
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manifold. The reaction of organic amine and carbon dioxide may be according to the following 

formula: 

2 RNH2 + C02 -»• RNH3+"02CNHR 

wherein R is any suitable alkyl group. 

The solid carbamate obtained can be easily separated from the liquid hydrocarbon stream or for 

example by filtration, without any specific requirements to be considered to separate organic and 

aqueous phases. However, very hot water for washing the solid phase should be avoided. 

It is obvious to one skilled in the art that the hydrocarbon stream can contain more than just one 

amine. Thus, the method is not limited to the removal of just one single organic amine but also 

relates to the removal of two or more different organic amines from the hydrocarbon stream. 

In a most preferred embodiment of the invention, the method for removal of an organic amine 

from a hydrocarbon stream containing the amine according to the invention is embedded in a 

method for preparing linear alpha-olefms (LAO) by oligomerization of ethylene, preferably in 

the presence of solvent and catalyst, comprising the steps: 

i) feeding ethylene in. an oligomerization reactor, 

ii) oligomerizing the ethylene in the reactor, 

iii.) removing a reactor outlet stream comprising linear alpha-olefms from the reactor via 

a reactor outlet piping system, 
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iv) transferring the reactor outlet stream to a catalyst deactivation and removal step, and 

v) deactivating and removing the catalyst from the reactor outlet stream, wherein at least 

one organic amine is added into the oligomerization reactor and/or into the reactor 

outlet piping system 

The reactor outlet stream or a fraction thereof can be taken as a hydrocarbon stream in the pre­

sent invention. 

It can be particularly advantageous to integrate a process utilizing the method of the present in­

vention in another process generating carbon dioxide, for example, the ethylene oxide process. 

Additional features and advantages of the present invention will become apparent in the follow­

ing detailed description on the basis of examples. 

Example 1: 

A 500 ml 3 neck flask was charged with about 50g of a typical fraction containing mostly C-7 

(32%), C-10 (24%), C-12 (17%), C-13 (3%), C-14 (10%) and other higher C-15+ components 

(-10%) from the process for preparing linear alpha-olefms and containing about 2.5% of 2-

ethylhexyl-amine. To the flask was then added 25 - 50%o by weight of water relative to the total 

amount of organic material. Next, added 25 % by weight of toluene relative to the total amount 

of organic material. The resulting mixture was stirred and heated up to 70°C. Carbon dioxide 

was bubbled through the mixture with a flow rate of about 100 cc/min. for 60 min. In Table the 

analysis results of the mixture i s shown. Samples were taken from the organic phase, afterwards 

the mixture was filtered through a Buchner funnel. The filtrate obtained that way was analyzed 

utilizing GC-MS. 



WO 2013/053623 PCT/EP2012/069461 

Example 2: 

A 500 ml 3 neck flask was charged with about 50g of a typical fraction containing mostly C-7 

(32%), C-10 (24%), C-12 (17%), C-13 (3%), C-14 (10%) and other higher C-15+ components 

(-10%) from the process for preparing linear alpha-olefms and containing about 2.5% of 2-

ethylhexyl-amine. To the flask was then added 25 % by weight of toluene relative to the total 

amount of organic material. The resulting mixture was stirred and heated up to 70°C. Carbon 

dioxide was bubbled through the mixture with a flow rate of about 100 cc/min for 60 min. In 

Table the analysis results of the mixture as determined by GC-MS is shown. The results showed 

that the amine was not removed and also the concentration of amine does not change. 

(32%), C-10 (24%), C-12 (17%), C-13 (3%), C-14 (10%) and other higher C-15+ components 

(~10%i) from the process for preparing linear alpha-olefins and containing about 2.5% of 2-

eth.ylhexyl-am.ine. The resulting mixture was stirred and heated up to 70°C. Carbon dioxide was 

bubbled through the mixture with a flow rate of about 100 cc/min for 60 min. In Table the analy­

sis results of the mixture as determined by GC-MS is shown. The results showed that the amine 

was not removed and also the concentration of amine does not change. 

Example 3: 

A s^-p n rf\< r* rs 1 fvi /-v*i r>r\*yi~Ci i« 1 Yi C* 
L'gj UA M. \,y VCtJ. i.i lit til ill 11^ iiHu/O ti \s / 

The GC analytical data can be summarized in Table I below. 
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Table 1. 

GC Analytical Data 

Component Unit Example 1 Example 2 Example 3 
Amine % 0,0 2.5 2.5 

C-7 % 29.3 34 33 

C-8 % <0.1 <0.1 <0.1 

C-9 % 0.5 0.5 0.3 
C-10 % 24.7 22.5 23 

C-ll % 0.7 0,7 0.7 
C-12 % 17.7 17.0 16.7 

C-13 % 2.9 3.0 3.0 

C-14 % 14.0 10.7 11 

C-15 % 3.1 2,5 2.3 

C-16 % 0.7 1.0 1.0 

C-17 % 1.0 1.0 1.2 

C-18 % 2.1 2.1 2.4 

C-20 % 1.5 1.2 1.4 
C-22+ % 1.0 1,0 1.2 

(Example-1: LAO + Amine + Water + Toluene + Carbon dioxide 
Example-2: LAO + Amine + Toluene + Carbon dioxide 
Example-3: LAO + Amine + Carbon dioxide) 

As can be taken, after a reaction time of 60 min, no amine can be detected at all in the organic 

product of the inventive method. 
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The features disclosed in the foregoing description in the figure or in the claims may, both sepa­

rately and in combination thereof, the material for realizing the invention in diverse forms 

thereof. 
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Claims

1. Method for removal of an organic amine from a liquid hydrocarbon stream con-

taining the amine, comprising the steps:

a) adding water to the hydrocarbon stream containing the amine,

b) bubbling carbon dioxide through the hydrocarbon stream containing the 

amine, and

c) separating a solid phase formed containing the amine from a liquid phase.

2. Method according to claim 1, wherein the hydrocarbon stream containing the 

amine is an outlet stream from a reactor for preparing linear alpha-olefins (LAO) 

or a fraction of such an outlet stream.

3. Method according to any of the preceding claims, wherein the organic amine is an 

amine, which is liquid at room temperature and normal pressure.

4. Method according to any of the preceding claims, wherein the organic amine has a 

boiling point higher than 100°C, preferably wherein the organic amine is 2-ethyl-

hexyl-amine and/or n-dodecylamine.

5. Method according to any of the preceding claims, wherein the water is added in an 

amount from 5 – 70% by weight relative to the total amount of hydrocarbon 

stream, preferably 15 – 60%, more preferably 25 – 50%.
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6. Method according to any of the preceding claims, wherein bubbling is carried out for 

5 to 60 min, preferably 10 to 50 min, more preferably 20 to 40 min. 

7. Method according to any of the preceding claims, wherein, the flow rate of carbon di­

oxide is in a range from 50 to 150cc/min based on the total amount of liquid hydro­

carbon mixture present in the reaction. 

8. Method according to any of the preceding claims, wherein the added water is at least 

once replaced, at least partially, by fresh water while bubbling carbon dioxide 

through the hydrocarbon stream. 

9. Method according to any of the preceding claims, wherein separating is carried out by 

filtration. 

10. Method according to any of the preceding claims, wherein the method is carried out 

in a temperature range from 30 - 80°C, preferably 50 - 80°C. 

11. Method according to any of the preceding claims, wherein the amine is recovered 

from the solid phase by heating the solid phase in water or in an aqueous solution. 

12. Method according to any of the preceding claims, wherein the liquid hydrocarbon 

stream contains linear alpha-olefms (LAO), preferably CS-CJO linear alpha-olefms, 

and optionally organic solvent. 


