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This invention relates to the preparation of secondary 
amines, and more particularly to the ‘preparation of long 
chain dialiphatic secondary amines, such as dialkyl and 
dialkylene amines. The method of this invention can 
also be advantageously employed for the preparation of 
aromatic secondary amines such as dibenzylamine, or 
aromatic aliphatic secondary amines, such as alkylben 
zylamines. 
The catalytic hydrogenation of long chain aliphatic 

nitriles to the primary amines has been an industrial proc 
ess for some time, but the direct production of secondary 
amines from aliphatic nitriles has not ‘heretofore proven 
commercially feasible ‘in spite of the demand for long 
chain aliphatic secondary amines as synthetic intermedi 
ates in the production of ‘quaternary ammonium com 
pounds. Aiso, the preparation of long chain aliphatic 
secondary amines from primary amines has not been a 
particularly desirable commercial process. . 

In the preparation of long chain aliphatic secondary 
amines, either from the corresponding aliphatic nitriles or 
primary amines, it has been dif?cult to obtain a high 
yield of the desired secondary amine product, and to have 
the product of good color and quality. Moreover, the 
reactions involved have been dif?cult to control, and the 
time required to compelte the reactions has been both 
variable and excessive. 0n the one hand, low tempera 
tures with a correspondingly slower rate of reaction has 
been found desirable to minimize decomposition and ‘side 
reactions, while on ‘the other ‘hand there has been a need 
for reducing the time required to carry out the reaction. 
In other Words, one of the problems involved is that of 
minimizing the reaction time while obtaining high yields 
of a ‘good quality secondary amine ‘product. Y‘Heretofore, 
the reaction conditions have not been sufficiently under 
stood ‘to ‘permit "these results to ‘be achieved. 

It is therefore a general object of this invention \to-pro 
vide an improved process for the production ofisecondary 
amines from aliphaticnitriles, which-can also be used to 
produce secondary amines from primary ‘amines. Also, a 
more speci?c object of this invention is to provide a proc 
ess of the character described which permits long chain 
dialiphatic secondary amines to be produced in high yields 
with a greatly decreased reaction ‘time, While obtaining a 
product of good color and quality. Another object is to 
provide a process which permits reproducea'ole ‘results to 
be ‘obtained by the control of the important reaction vari 
ables so that the desired results can be consistently ob 
tained in commercial-scale production. .It is ‘a "still fur 
ther object of this invention to discover which factors or 
conditions are important in achieving high yields of a 
good quality secondary amine product, ‘and to determine 
what the critical ranges are for each of the factors and 
conditions. Further objects ‘and advantages will appear 
as the speci?cation proceeds. 

In practicing the method of “this invention, aliphatic 
nitriles containing from -8 to .22 carbon atoms canrbe em 
ployed as the starting material. Because of ‘their avail 
ability, aliphatic nitriles ‘containing from 152 to 13 carbon 
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atoms are preferred. For example, the 'alkyl‘and alkylene 
nitriles derived fro'm'the fatty acids in common fats ‘and 
oils are admirably suited for further processing in accord~ 
ance with this invention. It is not necessary to separate 
the various chain lengths contained in naturalmixtures of 
such nitriles. In ‘fact, nitriles derived from mixtures of 
tallow fatty acids (tallow nitriles) and nitriles derived 
from mixtures of coconut oil fatty acids (coco nitriles) 
are the preferred industrial materials. If desired, the proc 
ess ‘can-‘also be carried out with primary aliphatic amines 
containing from'8 to 22 carbon atoms, and preferably 
from ‘12 to 18 carbon atoms. Also, mixtures of such 
amines and nitriles of the character described can be 
employed. 

In general, the process of this invention involves ‘the 
catalytic hydrogenation of aliphatic nitriles. Any hy 
drogenation catalyst can be employed, although nickel 
catalyst, such as fresh Raney nickel are preferred. The 
proportion of nickel catalyst to the nitrile ‘or amine‘has 
been found to be critical for obtaining both high con 
version and high yields. In general, and particularly ‘with 
Raney nickel, ‘the amount of catalyst employed should 
range ‘from about .4 to 3% by weight based on the weight 
of nickel in the catalyst compared to the Weight of the 
nitrile or amine. With Raney nickel, best results are 
achieved when the proportion of catalyst to reactant is 
within the range from about .6 to 2% by weight basedon 
the nickel in the catalyst. _ 
The yield of secondary amine Thas been'rfound to be 

sharply increased by rigidly maintaining anhydrous con 
ditions during the reaction. Since water would ordi 
narily be present in the ‘reaction mixture, special precaué 
tions must be taken. For example,‘ ordinaryiRaney nickel 
contains ‘about 50% water, and both the nitrile ‘and amine 
reactants will usually contain some moisture. Therefore, 
it is important to charge both the reactant and catalyst 
to the reaction vessel in a substantially vanhydrous condi 
tion or alternatively, to dry the reaction mixture prior to 
the reaction. The drying of the reaction mixture can be 
carried out by heating the reaction mixture to a tempera 
ture above 100° C. at atmospheric pressure, while bub 
bling a gas through ‘the mixture. The temperature 
should be such as to vaporize the water, and su?icientgas 
should be admitted to completely sweep the vaporized 
water out of the reaction mixture. In practice, drying 
temperatures of from 120 to 130° C. have been found to 
be satisfactory, and either nitrogen or hydrogen can be 
used to sweep out the vaporized water with ‘good results. 
it has also been found desirable to agitate the reaction 
mixture during the drying step. It will be understood, 
of course, that the reaction should be conducted through 
out in such a way as to maintain anhydrous conditions. 
Even as little as 2% water has been found to be quite 
detrimental; therefore, the amount of water should be 
reduced below 1% by weight of the reaction mixture and 
preferably below .3% by weight. 
conditions should be as nearly anhydrous as possible. 
The reaction can be carried out at temperatures ranging 

from 170 to 210° ‘C, although greatly improved ‘results 
are obtained Within thespeci?c temperature range of from 
175 to 198° C. If desired, the reaction can be carried out 
in two-stages, with ‘the initial stage at temperature of 
from 130 ‘to 160° C., and the final vstage at the temper 
atures just speci?ed. However, excellent results have been 
obtained by carrying out both stages of the reaction ‘within 
the range from 180 to 198° C. 

In one embodiment of this invention, the ‘reaction is 
carried out in two stages with the reaction mixture being 
heated in the ?rst stage at a temperature of from 130 to 
210° C., and in the second stage at artem‘perature of from 
170 to 210° C. vHowever, the more speci?c temperature 
ranges set out above are preferred. in the ‘first stage of 
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the reaction, it is preferred to hold the ammonia formed 
in the reaction within the reaction zone while maintaining 
the reaction zone under an elevated pressure. In the 
second stage of the reaction, it is preferred to remove the 
ammonia formed in the reaction from the reaction zone 
and to maintain a substantially atmospheric pressure in 
the reaction zone. More speci?cally, in the ?rst stage of 
the reaction pressures of from l00 to 500 p. s. i. g. are 
satisfactory, while in the second stage of the reaction a 
pressure below 10 p. s. i. g. is desirable. In practicing the 
invention in accordance with this two-stage process, the 
reactant and catalyst are charged to a pressure reaction 
vessel, and if water is present, they are subjected to a 
preliminary drying step as described above. Thereafter 
hydrogen is introduced without venting ammonia and an 
elevated pressure is maintained during the ?rst stage of 
the reaction. Samples of the reaction mixture are With 
drawn periodically and analyzed for the total amine con 
tent, that is, the combined percent by weight of primary 
and secondary amines. When the total amine content has 
reached a substantially constant value, the pressure is re 
duced and ammonia is continuously removed from the 
reaction zone. The reaction can also be carried out by 
employing alternate cycles of venting and hydrogenation 
after the amine content has reached a constant value. 

It has been discovered that the presence of hydroxides 
in the reaction mixture is undesirable and tends to decrease 
the yield. The presence of metallic soaps is also unde 
sirable for this reason. Therefore, the reaction mixture 
should be maintained substantially free of hydroxides and 
metallic soaps. Since the nitrile and amine reactants will 
usually contain a small percentage of free fatty acids, the 
introduction of an alkali or alkaline earth metal hydroxide 
is doubly undesirable, because not only does it introduce 
a hydroxide but also forms soaps by the reaction of the 
hydroxide with the free fatty acids. 

It has also been discovered that the color of the second 
ary amine product can be greatly improved by bleaching 
it in situ during the course of the reaction. Furthermore, 
this bleaching cannot be accomplished after the reaction 
has been completed. Therefore, it is preferred to in 
corporate a small amount of an inert bleaching adsorbent 
in the reaction mixture, such as activated carbon or an 
adsorbent clay. In practice, from 1 to 3% of such ad 
sorbent has been found to be satisfactory. 

This invention is further illustrated by the following 
speci?c examples. 

Example 1 

11,000 pounds of coconitrile was charged to an agitated 
hydrogenation converter along with 150 pounds of Raney 
nickel catalyst (50% nickel). The reaction was heated 
in a slow stream of hydrogen to 130° C. and held there 
for one hour to drive oil moisture. The hydrogen pres 
sure was then raised to l75—185 pounds and the tem 
perature was not allowed to exceed 136° C. until the total 
amine had reached 80%. After this time the temperature 
was allowed to go around 178° C. Alternate cycles of 
venting and hydrogenation were made until the end of 
the reaction. The reaction was terminated at the end of 
fourteen hours with a product that analyzed as 93% sec 
ondary amine and 4.8% primary amine. 

Example II 

11,000 pounds of tallow nitrile and 150 pounds of 
Raney nickel catalyst (50% nickel) were charged to a 
hydrogenation, autoclave equipped with an agitator. The 
reaction was then heated to 130° C. accompanied by agi 
tation and a slow stream of hydrogen to help in driving 
off moisture. At the end of one hour the hydrogen pres 
sure was raised to 200 and the temperature held at 130° C. 
maximum until the total amine had reached 90% (two 
hours). vAt this time the temperature was allowed to rise 
to ISO-185° C. As in Example I, alternate cycles of hy 
drogenation and venting were made throughout the run 
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4 
until the reaction was complete. The ?nal product ana 
lyzed 91% secondary tuning and 2.6% primary amine. 

Example 111 

11,000 pounds of tallow nitrile and catalyst were 
charged to the hydrogenator and dried as in Example II. 
At the end of the drying period the reaction was heated 
to 195 ° C. as soon as possible instead of holding it below 
140° C. until the total amine reached 75-85% as in Ex 
amples I and II. The reaction was continued with alter 
nate cycles of hydrogenation and venting as previously. 
The ?nal product had an analysis of 90.6% secondary 
amine and 3.9% primary amine. 

Example IV 

The hydrogenation unit was charged with 11,000 pounds 
of tallow nitrile and 150 pounds of 50% Raney nickel 
catalyst. The reaction was conducted as in Example III. 
The product analyzed 92.2% secondary amine and 3.9% 
primary amine. . 

Example V 

The hydrogenation unit was charged with 11,000 pounds 
of coconitrile and 150 pounds of Raney nickel catalyst 
(50% nickel). The reaction was carried out as in Ex 
ample HI. The product analyzed 92.2% secondary amine 
and 3.9% primary amine. 

Example VI 

The hydrogenation unit was charged with 11,000 pounds 
of coconitrile and 150 pounds of Raney nickel catalyst 
(50% nickel). The reaction was carried out as in Ex 
ample III. The product analyzed 87.3% secondary amine 
and 3.4% primary amine. 

‘In the preceding examples, the primary reactions occur 
ring to produce the desired products can be represented by 
the following two equations, wherein R is a hydrocarbon 
chain: 

While in the foregoing speci?cation this invention has 
been described by setting forth specific details of preferred 
embodiments thereof, it will be apparent to those skilled 
in the art that many of the speci?c details and embodi 
ments set forth can be varied considerably without de 
parting from the broad idea of the invention. 

I claim: . _ 

1. A process for the production of secondary ahphatic 
hydrocarbon amines which comprises preheating a mix 
ture of a reactant selected from the group consisting of 
aliphatic hydrocarbon nitriles and amines having from 8 
to 22 carbon atoms and mixtures of said nitriles and 
amines, and a hydrogenation catalyst to remove substan 
tially all of the water therefrom; contacting said mixture 
under elevated pressure with hydrogen while maintain 
ing within the hydrogenation zone the ammonia formed 
until the total amine content becomes substantially con 
stant; venting the ammonia formed from the hydrogena 
tion zone; and thereafter continuing said hydrogenation 
reaction to substantial completion. 

2. A process according to claim 1 wherein the reactants 
are coco nitriles. 

3. A process according to claim 1 wherein the reactants 
are tallow nitriles. 

4. A process for the production of secondary aliphatic 
hydrocarbon amines which comprises preheating to a tem 
perature in the range of 120 to 150° C. a mixture of an 
aliphatic hydrocarbon nitrile containing from 8 to 22 
carbon atoms and a hydrogenation catalyst while bub 
bling a gas therethrough selected from the group con 
sisting of inert gases andhydrogen, to remove substan~ 
tially all of the moisture from said mixture; contacting 
said mixture at a‘ pressure in the range of 100 to 500 
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p. s. i. g. and a temperature in the range of 130 to 160° 
C. with hydrogen while maintaining within the hydrogena 
tion zone the ammonia formed until the total amine con 
tent becomes substantially constant; venting the am 
monia formed from the hydrogenation zone; and there 
after continuing said hydrogenation reaction to substan 
tial completion. 

5. A process for the production of secondary aliphatic 
hydrocarbon amines which comprises preheating to a tem 
perature in the range of 120 to 150° C. a mixture of an 
aliphatic hydrocarbon nitrile containing from 8 to 22 
carbon atoms and a Raney nickel catalyst in an amount 
ranging from 0.4 to 3 weight percent based on the weight 
of nickel in said catalyst compared to the total Weight of 
nitrile, while bubbling hydrogen therethrough to remove 
substantially all of the moisture from said mixture; fur 
ther contacting said mixture at a pressure in the range of 
100 to 500 p. s. i. g. and at a temperature of 130 to 160° 
C. with hydrogen while maintaining within the hydrogena 
tion zone the ammonia formed until the total amine con 
tent becomes substantially constant within the range of 
75 to 90%; venting the ammonia formed from the hydro 
genation zone; and thereafter continuing said hydrogena 
tion reaction by alternate hydrogenation and venting un 
til the reaction is substantially complete. 

6. A process for the production of secondary aliphatic 
hydrocarbon amines which comprises preheating a mix 
ture of an aliphatic hydrocarbon nitrile containing from 
8 to 22 carbon atoms and a Raney nickel catalyst in an 
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amount ranging from 0.4 to 3 weight percent based on 
the weight of nickel in said catalyst compared to the total 
weight of nitrile, while bubbling hydrogen therethrough 
to remove substantially all of the moisture therefrom; fur 
ther contacting said mixture with hydrogen at a pressure 
in the range of 175 to 190 p. s. i. g. and a temperature of 
about 135° C. while maintaining within the hydrogenation 
zone the ammonia formed until the total amine content be 
comes substantially constant at about 75 to 90%; vent 
ing the ammonia formed from the hydrogenation zone; 
and thereafter continuing said hydrogenation reaction at 
a temperature in the range of 175 to 198° C., alter 
nately hydrogenating and venting, until said reaction is 
substantially complete. 

7. A process according to claim 6 wherein there is in 
corporated into the reaction mixture an inert bleaching 
agent. 

8. A process according to claim 7 wherein there is in 
corporated into the reaction mixture from 1 to 3 weight 
percent of ?nely divided activated charcoal. 

9. A process according to claim 7 wherein there is in 
corporated into the reaction mixture from 1 to 3 weight 
percent of an adsorbent clay. 
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