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& cis-trans Isomerization in the Synthesis 
of Fatty Acid Nitriles 
W. Jerzyklewicz 
Institute of Heavy Organic Syntheses, "Blachownia" 47-220 Kedzierzyn - Kozle, Poland 

Isomerization of c/s-9mctadecenoic acid and its nitrile 
was investigated using different catalysts under dif- 
ferent experimental conditions during the ammonolysis 
and dehydration process. It was found that the ratio of 
e/s- to trans-~octadecene nitrile depends upon the cat- 
alyst type and decreases as the process temperature 
and the reaction time increase and as the catalyst load 
decreases. Simultaneously, higher amounts of hydro- 
carbons are formed. 

F a t t y  acid n i t r ihs  are impor tan t  in termediates  for the 
product ion of pr imary,  secondary and te r t ia ry  amines 
and of cationic surface agents.  The qual i ty  of these 
products,  widely applied in different branches of indus- 

TABLE 1 

Chain Length Composition of Oleic Acid (%) 

C10 C12 C14 C16 C18 C18= C18== C20 C20= 

0.I 0.4 2.1 6.3 3.6 75.9 8.4 0.5 0.8 

TABLE 2 

The Characteristics of the Porous Structure 
of the Catalysts 

Average 
Surface Skeletal Particle Pore pore 
area density density volume radius 

Catalysts m2og -I g*cm -3 g*cm -I cm3*g -1 nm 

RhSne Poulenc 
SCS 9 12.16 3.79 1.31 0.49 300 
SCS 79 89.54 3.13 1.04 0.63 14.2 
SCS 100 94.96 3.45 1.15 0.55 11.7 
SCM 250 231.88 3.18 1.09 0.60 5.2 
SCS 250 277.79 3.17 1.15 0.55 3.6 

Harshaw 
A1-3996-R 180.0 3.43 0.55 0.64 13.6 

t ry ,  depends upon the composi t ion of the  nitriles. The 
uitriles are produced from fa t ty  acids in the ammonolysis 
and dehydrat ion process in the presence of a dehydra- 
t ion catalyst ,  according to following reaction scheme: 

-H20 -HzO 

RCOOH+NH3 ~ RCOONH4 ~ RCONH2 ~ RCN 

+ H 2 0  + H 2 0  

These reactions, known since the studies of Rals ton et 
al. (D, can be carried out in a liquid phase as a semi- 
continuous process or in the gas  phase  as a continuous 
one. Using either of the two routes  a final product  of 
good quality and with h ighyie ld  is obtained (2,3). Small 
amounts  of in termediate  f a t t y  acids, ammonium soaps 
and amides are also present .  When unsa tu ra t ed  f a t t y  
acids are used as the s tar t ing reagents, eis-trans isomeri- 
zation occurs during nitrile synthesis;  this  is the sub- 
ject  of our work. 

EXPERIMENTAL PROCEDURES 

Reagen t s .  Oleic acid technical grade. Table 1 contains 
the chain length distr ibution as it exis ts  in examined 
sample analyzed by  GLC {4,5), liquid ammonia synthetic 
99.9%, from high pressure gas cylinder 0.5 MP& 

Cata lys t s .  Dehydra t ion  ca ta lys ts .  RhSne-Poulenc 
{6) bal ls  2 -4  m m  d iame te r ,  and  H a r s h a w  Chem- 
ical Company  rings, 3.5-1.5 m m  (3), were used. The 
character is t ics  of their  porous s t ruc ture  are given in 
Table 2. 

The  s y n t h e s i s  o f  nitriles.  The process was carried 
out  continuously in the gas  phase. A meta l  appara tus  
of 1 dcm3 volume was used according to the general 
f lowsheet in the brochure published by  the Ha r sh aw  
Chemicals Co. {3). The preheated mixed f a t t y  acids and 
ammonia  were charged continuously into a tube  reactor  
filled with the catalyst .  The process was carried out  a t  
a t empera tu re  of 280-360 C, an ammonia  excess of 
8-12:1 mol/mol and a ca ta lys t  load of 100-600 g * 
dm-3 * hr-1. The react ion mix ture  was collected con- 
t inuously and cooled. The nitriles were separa ted  f rom 
the water  layer  and analyzed by  GLC. 

TABLE 3 

The Influence of the AI203 Catalysts Upon the Content of c/s- and trans-Isomers Percent 

Temperature 320 C 
100 g.dm-3*hr -1 200 g*dm-3*hr -1 

Catalyst Hydrocarbons trans- cis- Hydrocarbons trans- 

SCS 9 1.1 6.3 68.5 0.2 5.3 
SCS 79 1.6 29.1 47.0 0.5 20.7 
SCS 100 1.8 47.5 26.2 0.8 29.0 
SCM 250 2.7 49.7 23.2 1.0 32.2 
SCS 250 6.2 47.0 20.8 1.1 33.7 

Temperature 340 C 
100 g*dm-3*hr -1 

cis- Hydrocarbons trans- 

69.0 1.3 6.8 
54.3 2.6 37.0 
46.2 2.7 47.4 
42.3 5.2 47.7 
40.8 12.3 37.5 

200 g*dm-3=hr -1 
cis- Hydrocarbons trans- cis- 

67.4 0.2 6.2 69.1 
36.1 0.8 20.4 54.7 
25.3 0.9 26.2 47.8 
22.6 1.2 40.3 44.1 
10.1 2.1 46.0 25.1 
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FIG. 1. Clu'oma~mmm of reaction products. ~ Hew~mdeemme -iCxile; b, ~'r~ms-9-hexadecens 
nitrile; c, c/s-9-hexadecens nitrile; d, octadecane nitrile; e, trans-9-octadecens nitrile; f, 
c/s-9-octadecene nitrile; g, eicosane nitrile; h, c/s-9-eicosene nltrile; i, c/s-9-eieosene 
nitrile. 

ANALYTICAL METHODS 

Gas chromatography. A gas chromatograph with a 
flame ionization detector was used. A stainless steel 
column of 2 m length and 3 mm i.d. was filled with 
W-NAW Chromosorb 80-100 mesh impregnated with 
15% OV-275 silicon resin. The separated components 
were identified by comparison of their retention times 
with those of accessible standards. Quantitative deter- 
mination was done using normalization, assuming cor- 
rection factors as being 1 for all the components. 

Potent iometric  titration. The contents of fat ty acid 
and ammonia soaps were determined by potentiometric 
titration (7). 

RESULTS AND DISCUSSION 

An exemplary chromatogram of the reaction product is 
shown in Figure I. The cis- and trans- isomers were 
separated and pairs of geometric isomers (peaks e and 
f, b and c, h and i) are seen on the chromatograms. To 
study the effect of the catalyst type to be used on the 
isomers' level in the obtained products, the ammonolysis 
of oleic acid was carried out continuously in the pres- 
ence of various dehydration catalysts produced by the 
Rh6ne-Poulenc Co. The results obtained, shown in Table 
3, prove that, in each instance, the cis-9-octadecen nitrile 
obtained is accompanied by its geometric isomer, i.e., 
tr/s-9-octadecen nitrile. When shifting from the SCS 9 
catalyst to SCS 250, an increased amount of the trans- 
isomer is observed. Similarly, the proportion of hydro- 
carbons in the products increases in the same sequence. 
For the SCS 9 catalyst, the content of the trans- isomer 
remains at a steady level of 5-7%, but for the SCM 250 
and SCS 250 catalysts it amounts to 30-50% and is 
greatly influenced by the process temperature and the 
catalyst load. 

For the catalysts investigated the cis- and trans- 
isomer rate in the products varies within limits from 
10:1 to 1:4, depending on the process conditions. For 
the 3996R catalyst the content of the cis-isomer decreases 
from ca. 70% to 20% as the temperature increases 
from 280 C to 360 C (Fig. 2), while the content of the 
trans isomer increases first to 38% but, above 340 C, it 
decreases to 30%. This is caused by subsequent 
destruction reactions, which take place and lead to the 
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FIG. 2. The influence of the process temperature upon the con- 
tents of a, c/~9-octadecene nitrile; b, trans-9-octadecene nitrile; c, 
hydrocarbons. Catalyst, AI-399&R; weight, hourly space velocity, 
200 g-dm3.hr  -1. Excess NH 3, 8:1, mol/mol. 
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formation of hydrocarbons. The shape of the curves 
obtained suggests that mainly trans-isomers are de- 
graded. The content of the cis-isomer increases with 
the increase in the catalyst load, and consequently with 
the decrease in mean residence time of the reagents in 
the reactor (Fig. 3,4). Simultaneously, the content of 
the hydrocarbons, decreases significantly. This effect 
disappears for higher catalyst loads and especially above 
400 g,  dm-3.hr-1. Because the decrease of the catalyst 
load is also accompanied by a decrease in reaction time, 
a decrease in the trans-isomer content, also should be 
expected. However, this was observed only at 320 C. 
At higher temperatures, a well-marked maximum point 
for the load of 200 godm-3ohr -1 was obtained. This 
supports the earlier conclusion that  the hydrocarbons 

present in the products are formed mainly from the 
trans-isomers. Thus, if the process is carried out at 
high temperatures and with low catalyst loads, the 
product can contain small amounts of the trans-isomers 
but quite large amounts of undesirable hydrocarbons. 

Isomerization can occur during each of the subse- 
quent steps of the process. This means that  the initial 
fatty acids, their intermediate derivatives, i.e., ammonium 
soaps or amides, or even the final nitriles, can isomerize 
to the appropriate trans-isomers. 

Nitrile isomerization is demonstrated in Figures 5 
and 6, which show contents of cis- and trans-isomers 
after succeeding passes of the nitriles through the reactor 
filled with the catalyst. At 320 C after the first pass, 
the product contains 68% cis-9-octadecene nitrile, 
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FIG. 3. The influence of the catalyst load upon the contents of 
the products, a, c/s-9~ctadecene nitrile; b, trans-~octadecene nitrile; 
c, hydrocarbons. Catalyst, AI-3996-R; temperature, 320 C; excess 
NH 3, 8:1, mol/mol. 
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FIG. 4. The influence of the catalyst load upon the contents of 
the products, a, c/s-9-octadecene nitrile; b, trans-9-octadecene nitrile; 
c, hydrocarbons. Catalyst, AI-3996-R; temperature, 340 C; excess 
NH3, 8:1, mol/mol. 
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FIG. 5. The influence of the number of reagent passes through 
the catalyst bed. a, c/s-9-octadecene nitrile; b, trans-9-octadecene 
nitrile; c, hydrocarbons. Catalyst, AI-3996-R; temperature 320 C; 
excess NH~, 12:1, mol/mol. Weight, hourly space velocity, 250 
gedm-3ehr I. 
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FIG. 6. The influence of the number of reagent passes through 
the catalyst bed. a, c/s-9-octadecene nitrile; b, trans-9-octadecene 
nitrile. Catalyst, AI-3996-R; temperature, 340 C; excess NH 3, 8:1. 
Weight, hourly space velocity, 200 godm-3ohr -1. 
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the content  of which decreases with each subsequent  
pass. Simultaneously, the content  of trans-9-octadecene 
nitrile increases. Thus, after  five succeeding passes the 
contents of cis- and trans- isomers are 25.4% and 49.8%, 
respectively. At  340 C the content  of the cis-isomer 
also decreases after each subsequent pass, but  the max- 
imum of the trans-isomer content  is observed after 
three passes, which is caused by subsequent  degrada- 
tion of the trans-isomer to hydrocarbons.  This means 
tha t  any unnecessary increase in reaction t ime does not  
change the conversion of fa t ty  acids to nitrile {practically 
full conversion is obtained) but  the increase changes 
the rate  of cisto trans- isomerizat ion which can influ- 
ence the use properties of the final products.  Higher  
amounts  of hydrocarbons also can be formed at higher 
temperatures and low catalyst  loads, which can decrease 
the yield of the product  and its use properties. 

Now, it is difficult to explain the mechanism of h y d r o  
carbon formation. Hydrocarbons are degradation p r o  
ducts, and they contain different homologues having 
fewer carbon atoms than the initial fa t ty  acids. The 
shape of the kinetic curves really suggests tha t  h y d r o  

IN SYNTHESIS OF NITRILES 

1935 

carbons are formed mainly from trans-isomers.  How- 
ever, it does not  rule out the possibility tha t  they may 
also be formed from cis-isomers, but  at relatively low 
rates. 
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