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1. A process for the production of glycerol and fatty
acid nitrile from the reaction of glyceride with ammonia, 
said process comprising:

reacting a bath of mono-, di-, or tri-glyceride or 
mixture thereof having alkyl or olefinically unsaturated 
aliphatic hydrocarbon or monohydroxyalkyl or 
monohydroxyalkenyl radicals of 3 to 23 carbon atoms with a 
flow of ammonia in an amount of at least 200 liters per 
kilogram of said glyceride per hour in a reaction zone at a 
temperature of 220° to 300°C. in the presence of a metal 
salt of a carboxylic or sulfonic acid or a diorganotin (IV) 
bissulfonate catalyst wherein said diorganotin catalyst is 
of the formula

(R4 ) (R5 )Sn2+ [ (OSO2R6 )’ ]2
in which R4 , R5 and R6, are identical or different, and are 
alkyl, aryl, alkyl-substituted aryl, aralkyl or cycloalkyl, 
thereby forming an effluent product mixture comprising 
glycerol, water and fatty acid nitrile containing fatty acid

.../2
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and fatty acid amide, said fatty acid nitrile, fatty acid, 
and fatty acid amide all having said radicals of 3 to 23 
atoms ,

conveying the resulting effluent product mixture to 
a separating zone, wherein said fatty acid nitrile 
containing fatty acid and fatty acid amide is separated from 
the product mixture and returned to the reaction zone while 
the reaction between said glyceride and the ammonia is still 
proceeding at 220° to 300°C., and continuing to maintain the 
temperature range of 220° to 300°C. until the batch of said 
glyceride is essentially used up and the effluent product 
mixture becomes essentially free of glycerol, subsequently, 
continuing the return of fatty acid nitrile containing fatty 
acid and fatty acid amide to the reaction zone while 
decreasing the flow of ammonia to the amount of 5 to 150 
liters per kilogram of the total fatty acid nitrile 
containing fatty acid and fatty acid amide in the reaction 
zone, per hour, and adjusting the temperature to 240° to 
320°C., until essentially all of the fatty acid and fatty 
acid amide have been converted to fatty acid nitrile, while 
conveying the fatty acid nitrile product to the separating 
zone, and

recovering fatty acid nitrile and glycerol from 
said separating zone.

.-.
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dev i ce at the start of the

react

a i s

into

i on i s v

allowed to settle

an upper crude

the receiver has fi

id nitrile which has

s

receiver

irtually free of wa

into

fatty a c

lied the

t e r

a lower glycerol 

id nitrile phase

amount of crude
z

continuously reached the 

acid nitriIe/gIycerο I mi 

line from

with the crude fatty

allowed to flow back via theimply

to the reaction vessel. After the end of the

x -

the

main reaction,

the total crudei s

the conditions of

contents of the reaction vessel

fatty acid nitrile) 

the after-reaction.

are

I n

treated under

this procedure

desired glycerol is drawn off from

lower phase, and the desired fatty acid nitrile is drawn
the the rece iver as

35 the
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off from the reaction vessel after completion of the

after-reaction. The discharge of the glycerol from the 

receiver can take place continuously, specifically in 

essentially the amount which reaches the receiver and

5 settles out there as lower phase.

'Using the process a c cording to the invention

10

15

20

25

30

pure glycerol and 

are simultaneousl

a
\J 
/

partied

and directly

Larly pure fatty 

obtained in

Hence there is no need for the

to laborious and time-consuming

such as degassing and 

c e r ο L is virtually a

fatty 

still

acid nitrile

contains the

wh

, a particularly 

acid nitrile

high yield.

two products

purification

to be subjected

operations,

water washing. The resulting gly- 

high-quality glycerol.

ich is obtained

catalyst which is

free of particularly 

amide impurities. It

example by disti Liat i 

according to the

accomplished in

variants.

technique.

further by

reaction

to the i

a

This

1 ne

i

Although the

at the
used,

a c

same time

undesired fatty 

is easy to remove

on .

invention

shorter

i

it is virtually 

d and fatty acid

the catalyst, for

Furthermore

the
time

s evidently a

i

g I y c e r

than i

result
overall reaction

there
and the

n v e n t i ο n

time

being no loss of

after-reac

therefore

variants.

t i on.

has a

r

i de

n the process

reaction

n the known

of the new

is also

i s

process
return

decreased

time between

The process

s horter batch

Compa red

the main

according

time than

the known process

is more straightforward and results, 

economical manner, in pure products in

i

Concerning the measures in the process 

invention which are known per 

to the publications mentioned 

Patent 4,234,509 and European 

these measures, as 

starting materials 

process according 

erials are mono-,

well

), are 

to the 

d i -

with the

s e , r e f e 

in the

formulae

latter, it 

c u I a r I y 

high yield.

n a parti

made

US

according to the 

rence may be 

introduction,

Patent 0,000,916, in 

as the suitable glycerides 
described in detail.

o r

which

(the
In the

invention

t r i g I y c e r
too, the starting mat· 

des of the following

35

i
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CH2-0-C0-R 1 ch2-o-co-r1 CH2-0-C0-R 1

CH-OH CH-0-C0-R2
I

CH-O-CO-R2
|
ch2-oh, ch2-oh,

I \ch2-o-co-r3

(including structural isomers ) or mixtures thereof, which

result in the nitriles of the formulae R^-CN, R2-CN and
R3-CN .

10

15

25

■ ■:) 3
o a 

o a

30

35

In these formulae, in the case of di- and triglycerides
1 2 12 3R and R or R , R and R can be identical or can be

12 3different. The radicals R , R and R are selected 

from the following groups:

a) alkyl radicals, which can be branched but are prefer­

ably straight-chain, having 3 to 23, preferably 7 to 23, 

carbon atoms;

b) olefinically unsaturated aliphatic hydrocarbon radicals, 

which can be branched but are preferably straight-chain, 

having 3 to 23, preferably 11 to 21, and in particular

15 to 21, carbon atoms, and having 1 to 6, preferably 1 

to 3, double bonds, which can be conjugated or isolated; 

and

c) monohydroxy-substituted radicals of type a) and b), 

preferably the unsaturated hydrocarbon radicals which 

contain 1 to 3 double bonds, in particular the radical of 

ricinoleic acid.
The acyl radicals R1-CO-, R2-CO- and R3-CO- of the 

glycerides which are suitable as starting materials for 

the process of the present invention are derived from the 

following groups of aliphatic carboxylic acids (fatty 

acids):

a) alkanoic acids and their alkyl-branched, preferably 

methyl-branched, derivatives, having 4 to 24 carbon atoms, 

such as, for example, butyric acid, valeric acid, caproic 

acid, heptanoic acid, caprylic acid, pelargonic acid, 

capric acid, undecanoic acid, lauric acid, tridecanoic 

acid, myristic acid, pentadecanoic acid, palmitic acid, 

margaric acid, stearic acid, nonadecanoic acid, arachic 

acid, behenic acid, lignoceric acid, 2-methylbutanoic 

acid, isobutyric acid, isovaleric acid, pivalic acid, 

isocaproic acid, 2-ethylcaproic acid, the positional

■ .a*
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isomers of methylcapric acid, methyllauric acid and methyl- 

stearic acid, 12-hexylstearic acid, isostearic acid or

3,3-dimethyLstearic acid;

b ) alkenoic acids, alkadienoic acids, alkatrienoic acids, 

a Ikatetraenoic acids, a Ikapentaenoic acids and alkahexa- 

enoic acids and their aLkyI-branched, preferably methyl-

branched,

for example,

L i nde r i

as,

e i c acid, 

palmitoleic 

acid, eruc

linoleic ac

derivatives, having 4 

rotonic acid, 

acid, Laurole 

pet rose L i c 

b r a s s i d i c

c

c

i c

acid,

acid z

to 24 carbon

isocrotonic a c

i c

acid

acid
r

eleostearic

arachidonic

i z 14-eicosadi

Linolenic

4,8,12,15 r

z

enoicd, 11 

acid, 

acid,

or trans-2-methyl-2-butenoi

c) monoh ydrox ya Ikanoic 

preferably 12 to 24 

such as, for example 

acid, hydroxycaproic 

hydroxytetradecanoic 

16-hydroxyhexadecanoi 

acid; and

d) monohydroxyaLkenoi 

having 12 to 22, and

atoms (preferably unbranched) and having 1 to 6 

ably having 

double bond, 

elaidic acid

c a

r

C

acids

rbon a

a c

atoms, such

c a p r o I -

i ci s

id, 

t ο Iacid, my r

oleic acid, 

2,4-decadienoi 

acid, hiragoni

pseudoeleosteari

e I

e

a

c

c

a c id,

i d i

a c

a c

c

i d

i d
acid,

18,21-tetracosahexaenoi 
acid;

having 4 to 24 carbon 

toms,

hydroxybutyric acid

id

a c i d

c
z

acid, 

c acid

e r
r

1 C

c

c

i

a c

a c

n

atoms, 

preferably unbranched

, hydroxyval

, 2-hydroxydodecanoic acid, 

, 1 5-hydroxypentadecanoic a 

id or 18-hydroxyoctadecanoi

2-

c

c

i d r

ids having 4 to 24, preferably 

particular having 16 to 22, carbon 

prefer-

, ethylenic

acid or ricin

1
z

to 3, and in particular having one 

such as, for example, ricinoleic

Particularly 

according to 

animal fats

preferred starting materials 

the invention are the natural

and oils which are mixtures of f

fromtriglycerides with small contributions 

and/or monogLycerides, these glycerides 

also being mixtures and containing various 

the abovementioned

i n

for the process 

(vegetable) or 

predominantly, 

diglycerides 

turn usua

more carbon atoms

acid residues i n

those having 8 or

be mentioned are

oil, coconut oil,

oil, peanut oil,

vegetable fats and 

palm kernel butter 

rape oil,

range, 

Examples 

oils such

types of 

i n part i c 

which

II y 

fatty 

u I a r

as

may 

olive

, babassu

castor oil, sesame
o i I

o i I
r

r

palm

cotton
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oil, sunflower oil, soybean oil, hemp oi I, poppy seed oil,

avocado oil, cotton seed oil wheatgerm

pumpkin seed oil, grape
r

seed oil, cocoa

oil, corn

butter or

tallows furthermore an i ma I fats and o iI such

oil.

vegetable

as beef

tallow. pork fat, bone fat, mutton tallow japan wax, whale

oil and other f i s h oils , as well as fish i ve r o i I . It is

equally poss ible to use homogeneous tri-, and monogly-

c e r i de s or mixtures thereof, whether these have been i s o-

r s r

f

I

d i -

10

lated from natural fats or obtained by means of synthesis. 

Examples which may be mentioned in this connection are: 

tributyrin, tricapronin, tricaprylin, tricaprinin, trilau­

rin, trimyristin, tripalmitin, tristearin, triolein, tri­

elaidin, trilinolein, tri I iη ο Ienin, mo ηopa I mitin , mono­

stearin, monoolein, monocaprinin, monolaurin, monomyristin 

or mixed glycerides, for example pa Imitodistearin , dis- 

tearoolein, dipa Imitoo Iein and myristop a Imitostearin .

ό w
Q

z (■

«

20

25

30

35

The catalysts to be 

as they are in the

ysts as described i 

introducti

schrift 3 ,

the group

used

known

n the

on. US Patent

244,752 A1. 

compr i s i ng a )

according

process,

p u b L i c a t

4,234,509

These

metal

i

to the
selected

i nvent i on

special

ons mentioned in

are /

c a t a I -

the

and German 0 f f e n L e g u n g s -

catalysts 

salts of

are selected from

carboxylic acids

metal saltmetal theic acids, the

being antimony, Lead, cadmium, chromi

or sulfoni cation n

urn , i ron, cobalt,

, titanium, zinc, ti 

cadmium, iron, cobalt or z

manganese, nickel

ably Lead, 

tin(IV) bissuIfon ates of the formula

iron,

Sn2+C(OSO2R6

in which r\ R^ and r\ which are

denote an alkyl radical,

n or
inc,

zircon, pref er­

and b) diorgano-

identical or different,

aryl radical, a L kyL-subst i tuted

aryl radical, aralkyl radical or a cycloalkyl radical.

The carboxylic acid or sulfonic acid anion of the said

metal salts originates from one of the foLLowing groups:
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(1) saturated aliphatic mono­

pref erably the 

erably 8 to 24, 

are preferably

ated mono- or polycarboxy Iic 

to 6

monocarboxyli 

carbon atoms

straight-chai

c

r

or polycarboxylic 

acids

which

n;
a c

carboxylic acids, having 1 

ated or conjugated double 

ably 8 to 24, carbon atoms 

preferably straight-chain; 

Dreferably mono- or dialkyl 

mono- or -poIycarboxy I ic ac 

acids,

1 to 12, 

radicals

(2)

bonds

/

acids,

having 4 to 24, pref­

can be branched but

olefinically unsatur- 

preferably theids,

, preferably 1 to 3,

and having 4 to 24,

which can be branched but are

mono-

i s o I -

prefer-

(3) d i -

a ted r

having alkyl radical

it b e icarbon atoms, 

to be branched

chain; 

ably the 

8 to 24

(4 ) al kanemono-

monosulfoni

carbon atoms

erably straight-chai 
sulfonic
4 to 24, 

branched

c

r

n

a c

mono-, di- or tri alkylated, 

benzene- or naphthalene- 

preferably the mo ηocarboxyIic 

preferably 

these alkyl 

straight­

acids, prefer- 

preferably 

but

ids,

having 1 to 24, 

ng possible for 

preferably being 

Lkanedisulfonic

S

but

or a

ids,

which

(5)

having 4 to 24, 

can be branched

fluoro-substituted a

are pref- 

Ik anemono-

preferably perfIuoro-substituted 

which

acids,

preferably 8 to 24, carbon atoms, 

but are preferably straight-chain

droxy-substituted a

24,

but are preferably

trialkylated,

or naphthalenemono- 

monosulfon i c

preferably 8 to

/ (6)

r having

can be

Ikanemonosulfonic acids

monohy-

4 to

, which

(7) mono-, 

preferably mono- or dialkylated,

preferably the 

to 24, 

for

24, carbon atoms 

straight-chain;

having

can be branched

d i - o r

benzene-

acids, 

to 12, 

radicals

preferably 1 

these alkyl 

straight-chain; and

aLkyI-substituted benzene­

sulfonic

or polysulfonic acids 

having 

carbon

to be

c a L

b e i

but

s t i t u t e d

1 to 24,

acids, preferably 

monosulfonic

Γ

s having 1

i possible 

preferably being

alkyl r ad i 

atoms, it 

branched,

(8) (monocarboxy) aLky I - or (dicarboxy)- 

or naphthalenemono- or -poly- 

the (monocarboxy)alkyl-sub- 

, having alkyl 

carbon atoms .

acids radicals having

preferably 1 to 12

Concerning the diorganotin sulfonates of the abovementioned 
formula, those preferred have r\ and R^ with the

4 5meanings indicated hereinafter: R and R , which are 

preferably identical, denote straight-chain or branched

- ..vj»



.

5

5

10

c
0

s

<2

13

1 to 22, 

preferably

alkyl radicals having 

atoms; aryl radicals, 

each of which can be substituted

or branched alkyl radicals each

1 to 12, carbon atoms,

being preferred; aralkyl radicals 

radical;

preferably 4 to 18, carbon

or naphthyl radicals 

to 3 straight-chain 

to 22, preferably

the monosubstituted aryl radicals

phenyl 

with 1

having 1

rad i ca L.

identical

i;

I

€
G'

e Q

15
t .

0 
c

Ci

i

υ *
0 
o 20

o

ft

o r
R6

cycloalkyl radi

f

t o

alkyl radical 

atoms, which 

radical,

which can be

which can be

one or both of

o
- i *

0 4

0

0
e

25

<

30

35

, preferably the benzyl 

cals, preferably 

different from R

the cyclohexyl
4 Sand RJ o r

these radicals

having 4 to 2

can be straight-chain

r denotes a n

4, preferably 8

branched; an

to 24, c a rbon

o r a r y I

preferably the phenyl or 

ith 1substituted w

the

t o

straight-chai 

preferably 

preferably

1

n or branched

to 12, carbon

In the

acids

case

alkyl

atoms

the benzyl radical.

of metal

as catalysts, 

cadmium,lead,

and the anion

(6) and (7) Li

i

S

3,
radical

; or an

naphthyl rad 

preferably 

having 

a r a I k y I

w

1

i c a L,
i t h one

t o

r a d i c
22,

al.

salts of carboxyli

those particularly

iron,

s selected

cobalt ur zinc

from the

c acids or sulfonic

as

ted

alkanemonosulfonic

above , 

acids

preferen 

and the a

preferred

the metal

have

representatives

e being given to

Ikylarylsulfonic

r

cation,

(4), 

the

thus,

id,

id,

id,

id,
thaLenesuLfonic acid.

a c

ac

a c

a c

acids, 

n-octanesulfonic acid, n-dodecylsulfonic 

acid, C 1 5-C 1 g-aIkanesuIfonic 

methylbenzene(toluene)sulfonic 

n-dodecylbenzenesulfonic

for example, 

n-octadecylsulfonic 

tallow fatty acid,

n-hexy I benzenesuIfonic acid, 

n-butyLnaphtha IenesuLfonic ac

In the case

ates as catalysts, 

from the above formula when

identical

ably 4 

radical

erably

i d

of

those particularly
R4 and R5

, denote an 

to 18,

and Rr

8

alkyl
carbon

is an

and n-dodecyInaph- 

diorganoti

preferred

which are

n sulfon-

emerge
preferably

a toms , 

alkyl 

carbon atoms

radical having 1 to 22 

a phenyl 

radical

radical or

to 24,

composed of an unsubstituted 

radical which is substituted

r or an

phenyl 

with an

having 4 to 

aryl radical 

radical

, prefer- 

a naphthyl 

24, pref- 

which is

alkyl

or of a phenyl 

radical having

1 to 22, preferably 1 to 12, 

The said catalysts are used

carbon atoms .

in an amount of from 0.5 to
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10% by 

glycer 

c e r i d e

oxide

we

i de

and

i g h t,

As

It is
the

preferably 1 to 5% by weight 

are added as

, based on the 

such to the gIy- 

appropriate metal 

d or sulfonic

a rule, they 

also possible

carboxylic aci 

formation of th

to add the

appropr 

then be

i a t e a c i d

singly, there 

during the reaction, 

the organot i n 

pounds (oxides 

sulfonic acids

i ng
11

is catalyst 

i bIe in the

i

c

n s i tu

catalyst t o

z

z

diorganotin(IV)

hydrox 

there

is equally poss

add the starting organoti

Its) and theides, fatty acid 

likewise then bei

bissulfonate compounds

Concerning the 

ing to the invention, 

which is passed through 

the reaction vessel i

measures known per se 

once again the 

the glyceride 

at least 200 Is

of glyceride per hour 

kilogram of glyceride

in respect

the upper limit 

by econom 

about

upper limit 

through, 

determined

grounds, w 

liters, of 

The amount

z

n

s a

ng

i n

i n

a s e of

com-

free

formation of the
s

the
amount

which
iters

preferably at

hour. There is

least

i tu .

process 

of

i s

per

400

a c cord-

ammon i a

heated i n

kilogram 

I i

per

of

no c r i t

t e r s per

calΊ

the ammon i a flow to be

i

only 

ll be 1

i

i

n

c

terms of quantity w 

considerations and, 

liters, preferably

i 11

passed

be

on these

i a per

of ammon i a

ammon

i

,000

kilogram of glyceride

thuss

about 800

hour.

liters, preferably 

glyceride per hour 

add thereto up 

volume, based 

inert gas, for

ammon i

t o

by 
of

a

to 220

400

r

to 800

and

t o

on

30%

the
exampl 

flow through 
to 300°C (and

ensures good 

as rapid d 

the glycerol which 

fatty acid 

As already 

ture of 220

phase ) 

as well

nitrile

i s

it is

generally 200 

liters, per k 
possible with

i

per 

to 1,000 

logram of 

advantage

by volume, preferably up 

amount of ammonia passed

to 15%

e

the
thus

nitrogen. Passing 

glyceride which has 

i s in the

contact between

from the

the
through, 

said

been heated

a liquid 

glyceride and ammonia 

reaction vessel of

form of

charge

is formed and, equally of the crude 

and water of reaction which are formed.
mentioned, 
to 300°C

the glyceride is heated 
, preferably 230 to 270°C 

tion temperature is maintained throughout the 

reaction,
glyceride releases virtually no more glycerol

that is to say until the initially

to a

Th i

tempera-

s reac-

glyceride 

introduced

(end of the
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main reaction). It is preferred for the temperature to 

rise from the start to the end of the reaction, either 

continuously or stepwise, especially in the form of a 

temperature programme. In a preferred embodiment, the

5 reaction (main reaction) is initially carried out in the 
temperature range of about 220 to 240°C until about 30 to 

70% by weight of the theoretically expected amount of gly­

cerol has been discharged from the reaction vessel. The 

temperature is then raised, stepwise or continuously,

10 over the course of about 1/2 to 5 hours to about 250 to 
270°C, whereupon the reaction is driven to completion at 

the elevated temperature. The end of the reaction can be 

recognized from the fact that no more, or virtually no

more, glycerol enters the receiver. After completion of 

15 the main reaction, the conditions of the after-reaction 

are set up in just the same way as in the known process.

All the crude fatty acid nitrile present in the reaction

o

o

o

20

vessel (that is the

acid and fatty acid

fatty scid nitrile containing 

amide which has been returned

fatty

accord­

o 
a 
o

o
& 
O

ing to the invention during the main 

remaining in the reaction vessel) is 
ture of 240 to 320°C, preferably 260 

ammonia flow is adjusted to 5 to 150

reaction and that

to 100 liters, per kilogram of crude

heated to a tempera- 
to 300°C, and the 

liters, preferably 15 

fatty acid nitrile

a

n a c 4

9 5 *
C < ’

Λ I

25 per hour, and is passed through the contents of the 

reaction vessel (which is in the form of a Liquid phase). 

Using these conditions of reaction temperature and amount

of ammonia, in the presence of the catalysts used for the 

main reaction the fatty acids and fatty acid amides

30 contained in the crude fatty acid nitrile are converted 

into fatty acid nitriles, the resulting water of reaction 

being discharged from the reaction vessel. Where fatty 

acid nitriles, fatty acids and/or fatty acid amides are 

also to be discharged with the ammonia flow, these

35 components are returned to the reaction vessel. If 

sufficient catalysts have already been used for the main 

reaction (an amount of catalyst which is at the upper 

limit of the abovementioned ranges of amounts) it is un­

necessary again to add catalyst. Otherwise, an appropriate
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amount of catalyst should be added. The amount of 

lyst in the after-reaction i s^’i n 
by weight^Zp^eferabIy 1 to 5% by 

weight of the crude fatty acid n

there is complete

fatty acids

follow the

tion conditions

a c i

b e i

of

cata­

d · ami des and

ng possible 

water of react

ammon

it is

which

i a .

t o

i

• f ■
1SZ Ί

into

i

Y
the'range 0.5

weight,

t r i I e .

based

With
c onve r s i

i

t o

on

log
the

these reac-

on, which

the same way as w 

return the excess

In just

possible to

reaction components and water

expediently been 

after addition of

fatty ac 

conve rs i on by 

is discharged 

th thei

completely removed 

fresh ammonia, 

tionafter-reaccompletion of the

desired fatty acid noff the

reaction

which is
pure per

i t r i I

vessel. As already 

still present in th

s e can

The invention

Example

In this

i s

1

exampl

acid n i t r iI

e

on of fatty 

d nitriles, it 

formationthe
with

main

the excess

reaction, 

a flow, from 

of reaction have

ammon i

f

to

i t

where appropr 

the reaction.

i a t e

After

is possible to

e which is present in the

draw

mentioned above, the catalyst 

is fatty acid nitrile which is 

be removed by distillation, for

now illustrated in more detail

example.

by examples

invention, crude fatty

the reactione i s
during the 

onification id number

g of

13.9)

according to the 

continuously returned to 

glyceride reaction. 500 

number 185, ac

dodecyI benzenesuIfon ate as 

of catalyst, based on the 

introduced into a reaction

a capacity of 700 ml and 

for heating the contents 

stirrer for stirring 

meter for determining 

a gas inlet Line for

the

(whichcatalyst

fat or glyceride) 

vessel. The reac

carcass fat (sap- 

and 10 g of zinc 

is 2% by weight 

initially

tion vessel had

were

heat i ng dev i cewas equipped with a

to the reaction temperature, a 

contents, and an internal thermo-

the prevailing temperature 

the ammon i a

, and

flow. The reaction vessel

of the cooling

was connected to a cooling column ( a condenser ) which was
Located above and t o one side of the reaction vessel. The

line from the top of the reaction vessel into the Lower part
column was equipped with an electric heater.



The foot of the cooling column was connected to a cylind­

rical vessel of capacity 100 ml for receiving and depositing 

the condensed phase components. A line led from the vessel, 

that is the receiver, back to the reaction vessel. This line 

5 went from the top of the receive'" to the top of the reaction 

vessel and was inclined towards the reaction vessel so 

that flow from the receiver to the reaction vessel could 

take place.

10 The reaction

heating up.

vessel was
At 150°C,

co·'.'

o O O

gaseous ammoni

of600 liters

per hour.

15 the react

20

25

with nitrogen during the 

nitrogen was replaced by

flushed

the

a, which was

ammonia per

The

circulated in an amount of

kilogram of carcass fat (tallow)

reaction vessel,

on vessel,

and thus
was heated to 230°C

the contents of

(start of the

reaction orglyceride

this temperature for

main reaction) and maintained at

3 hours. During the reaction , fresh

gaseous ammon i a

tain the stated

3 hours

was

600

, the

continuously added i

Liters of ammonia.

time of 
to 260°C 

260°C was maintained

temperature was

within about 1.5 hours, and

for 30 minutes.

that is a reaction time of 5 hours,

n order to

After the

the

m a i n-

reaction

reased from 230

temperature of

After this time,

was virtuallythere

no more glycerol in 

indicated the end of

the

the

discharged product 

reaction between

mixture

the tall
, which 

ow used

of thethe glyceride

the glyceride
at the temperature of 230°C,

essentially composed of glycerol, crude fatty ac

and the ammonia (end

main reaction). Duri

started

of

ng

t i on

reaction , which

the product mixture

o o o O

a & i

o

σ

o

o
0

o a
O 4

O I

i n c

r e a c o r

formed, i d

a30 nitrile

flow

the

and

35

was discharged with

nto the

and water,

reaction vessel

the excess ammoni

from the cool i n g

connecting

then up to

line, which was
260°C, f rom the

(the spec i f i ccooling column

invention of the connecting

heated

reaction vessel

column v i
230°C

to the

heat ing ac

line under

tocording 

discussion

the

results

i

i n i t i a 11 y t o

a

in condensation of glycerol flowin this line, and thus

of glycerol back into the reaction vessel, being ruled 

out). The two components, glycerol and crude fatty acid 

nitrile (the Latter contained about 2% by weight of fatty
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id and 3% by weight

rtually completely

the receiver,

c rude fatty acid 

and essentially

i

of

n

with a

fatty acid amide), condensed 

the cooling column and collected 

Lower glycerol

nitrile phase separat

a ll the

(the

water left the

i

phase and an upper

The ammoniang out.

cooling column in

o
. - o

O O e
b « 

0 ¢4

25

30

35

the form of gases 

water, returned to the

was, after

reaction vessel).

ammon i a removal of the

The receiver Γ

and thus
150°C, by

dissolved

i ts contents, was maintained at a temperature of

which

ammon i

means any residual water still present and

continuously ag i

to speed up and

i ο nAfter a react

a capac i ty of

i t to the

the

th i

po i

react

s time

fatty a c

glycerol

(the 90

i

ion

a were removed. The glycerol

ing a magnetic stirrert a t ed us

complete

t

100

nt of

i me of

phase was

z in o rde r

the said degassing of

about 30 min, the rece

ml, contained

attachment of

vessel (which means

ammonia.

i ve r , w i t h

about 90 ml, which filled 

the connecting line to

, about 15% by volume of

based ond nitrile,

and crude fatty ac

ml compr i s e d about

i

the

crude fatty acid

the crude fatty

back

Thus

r e a c

n i t r

acid

i I e ) .

to the overflow). In

glycerol

expected

plus

total

d nitrile, had been

8 ml of glycerol and

receiverAfter the

nitrile necessar i

crude

amount of

discharged

82 ml of

had filled,

via the connecting

, from now 

t i οn of an

on, there 

amoun t of

line

was

into the

ly began 

reaction

to flow

vessel .

conti nuous

crude fatty ac

flow back into the

id nitrile es s en-

tially identi 

the fat with

c a I to that

ammon i a and

glycerol and

(the connecting line

the reaction offormed during 

discharged together with the

the water of reaction with the ammonia

from the receiver to the react

flow

ion

vessel was heated to

reaction temperature

the temperature corresponding 

in order to

flow back through the

in the reaction vesse

reaction, that is 

hours, the desired

the receiver.

present in the

t o

The

(this amount of

pared with the

to the

prevent cooling of the

connecting 

I) . After

line and thus any

the end of the glyceride

cooli ng

say after the said reaction time of 5

glycerol was drawn off

amount of

rece i ve r was

c rude fatty

total amount

from

crude fatty 

placed in the

acid nitrile

react ion vessel

acid nitrile is very Low com- 

of crude fatty acid nitrile).
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The tempe rature of the reaction vessel, in which the

rudet i re amount of c 
raised to 300°C, 

100 Liters of ammoni

and

fatty acid nitrile was present, 

ammonia flow was reducedthe t o

a per

en-

was

5

10

15

20

25

30

35

nitrile per hour. These

kilogram of crude fatty 

conditions (that is the

a c i d

condi-
tions of the after-reactiοn ) were ma intained for 1 . 5

hours. The water of react

reaction was discharged wi 

the connecting Line, which

the cooLing column. Despi 

id nitrile whichfatty ac

in the, 

into the

no Longer heated 

reaction vessel
r

i on formed in the after-

th the excess ammonia flow

was now no longer

te the low

was carried

v i a

ammon

with

lineconnecting

(at the start of

reaction, the receiver was

and from the coolingvessel

Longer

hours,

i a

i t

needed). After the

the

acidfatty

into fatty

was pure

off from

moved in

heated, and

flow, any

did condense

and flowed back

the after­

removed from the

column because

said reaction ti

components whic

and fatty acid 

id nitrile.a c

per

the

h were

s e

reaction
it was no

me of 1.5

to be transformed, the 

had been transformedamide,

fatty acid nitriThe L e which

, now containi 

reaction vessel,

ng only catalyst, 

and the catalyst

was drawn

was r e-

a distillation.

The following yields 

yield: 38 m L (45 g)

and purities were achieved 

which is 90% of theory ; the

Glycerol 

glycerol

contained

or fatty

w i thout

nitrile

fatty

only 

amide

v i

a c i

r tuaILy 

d n i t r i L

further

a c

any

yield: 533 

id nitrile

no water, fatty 

e and thus was

acid, 

already

fatty a c

a pure

id amide

glycerol

Fatty 

of theory;

a c i d

the
water and had

purification operation, 

ml (426 g) which is 95% 

contained no glycerol or

idual contents of 0.25% by weight of fatty ac 

and 0.2% by weight of fatty acid.

res i d

Example 2 '

In this example according to the

acid nitrile was returned s t epw i

invention, crude fatty 

se to the reaction during

the glyceride reaction.

The example was carried out with the same reaction components
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and with the same reaction conditions as was Example

1, with the difference that the crude fatty acid nitrile 

formed and removed during the glyceride reaction was 

returned to the reaction in portions, not continuously.

minutes had elapsed

5 For this purpose, the apparatus used in Example 1 was

modi f i e d in such a way that a receiver of capacity 200 ml

was taken , and the connecting line f rom the receive r to

the r e a c t i on vesse L was attached not at the top of the

r e c e iver but to its lower part and, moreover, had a shut-

10 off device.

Afte r the receiver had filled to the overflow (15

from the start of the glyceride reac-

15

t i on up

about 40

this
of

time , and

crude

volume of the

about 5 ml of glycerol and

fatty

total

crude fatty acid nitrile,

in the

acid nit
expected

had been
iver), and afte

rile, which is about

amount of glycerol plus

flow ba

discharged and deposited 

ck of crude fatty acid

8% by

t o

m I

r e c e r

nitrile had necessarily been maintained for about 30 

minutes, the flow back was stopped by means of the said

20 shut-off device so that the crude fatty acid nitrile 

collected in the receiver. About 40 ml of crude fatty 

acid nitrile had collected after 15 minutes. This amount 

of crude fatty acid nitrile was now allowed, by opening 

the shut-off device, to flow back into the reaction vessel

25 (metering in) within about 5 minutes, whereupon the shut­

off device was closed again in order to collect the same 

amount of crude fatty acid nitrile. The procedure of 

collection and stepwise return (in portions) of crude

fatty acid nitrile which has been described was repeated

30 9 more times until the end of the glyceride r e a c t i on,

which was reached after 5 hours . After the end of the

glyceride reaction , the procedure was conti nued as i n

Example 1.

35 The following yields 

yield: 38 ml (45 g) 

contained

and pur 

which is

no water

i t i es were ach

90£ of

, fattyvirtually

acid nitrile and thus was

theory 

acid, 

al readyor fatty 
without any further purification operation

i eved: Glycerol 

glycerol 

acid amide

; the 

fatty

a pure glycerol

Fatty acid

•



nitrile yield: 533 ml (426 g) which is 95% of theory; the 

fatty acid nitrile contained no glycerol or water and had 

only residual contents of 0.25% by weight of fatty acid 

amide and 0.2% by weight of fatty acid.
5

The carcass fat used in Examples 1 and 2 was a mixture 

essentially composed of beef tallow, mutton tallow, pork 

fat and bone fat.

10 Examples 3 to 7

These examples were carried out in analogy to Example 1, 

but with different glycerides, catalysts, amounts of 

ammonia (N H 3) , reaction temperatures and/or reaction

15 times. These variations and the results of the examples 

are detailed hereinafter (all percentage data are percen­

tages by weight; the first of the two numbers quoted in 

parentheses after the glyceride which was used is the 

saponification number, and the second is the acid number;

20 the percentage given after the catalyst compound is the 

amount of catalyst used).

Example 3 

Industrial beef tallow (186; 12.6); lead n-dodecyIsuIfon ate, 

3%; 400 I of NH3 during the glyceride reaction and 100 I

25 of NH3 during the after-reaction; reaction temperature 
for the glyceride reaction 250°C for 3 hours, and for the 

after-reaction 280°C for 1.5 hours. Result: Glycerol 

yield 86%, fatty acid nitrile yield 93% with 0.13% of 

fatty acid amide and 0.12% of fatty acid.

30 Example 4

Edible fat (190; 2.4); cadmium n-octadecylsulfonate, 2%;

800 I of NH3 during the glyceride reaction and 100 I of 

NH3 during the after-reaction; reaction temperature for 
the glyceride reaction 230°C for 3 hours, then increased 

35 to 260°C within 1.5 hours (5°C per 15 minutes), reaction 

temperature for the after-reaction 300°C for 1.5 hours.

Result: Glycerol yield 91%, fatty acid nitrile yield 95% 

with less than 0.1% of fatty acid amide and less than 
0.1% of fatty acid.
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Example 5
Pork fat (124; 11.7); cobalt n-o c t ane s u I f on a t e , 400 I

of NH3 during the glyceride reaction and 15 I of NH3 during 

the after-reaction; reaction temperature for the glyceride
5 reaction 230°C for 3 hours, then increased to 250°C 

within 1 hour (5°C per 15 minutes), reaction temperature 

for the after-reaction 275°C for 2 hours. Result:

Glycerol yield 87%, fatty

0.22% of fatty acid amide 

10

Example 6

Sunflower oil (189; 0.8);

acid nitrile yield 92% with 

and 0.20% of fatty acid.

iron(II) n-butyInaphthalenesuL

fonate, 5%; 400 I of NH3 during the glyceride reaction 

and 50 L of NH3 during the after-reacti0n; reaction
15 temperature for the glyceride reaction 240°C for 4 hours 

and for the after-reaction 300°C for 1.5 hours. Result:

Glycerol yield 87%, fatty acid nitrile yield 91% with

0.20% of fatty acid amide and 0.15% of fatty acid.

20 Example 7

Soybean oil (203; 0.5); di-n-0cty11in(IV) bis(10 I uenesu I- 

fonate), 2%; 800 I of NH3 during the glyceride reaction 

and 50 L of NH3 during the after-reacti0n; reaction 

temperatures as in Example 5. Result: Glycerol yield 89%,

25 fatty acid nitrile yield 94% with 0.18% of fatty acid amide 

and 0.10% of fatty acid.

Examples 8 to 13

30 These examples were carried out in analogy to Example 2, 

but with different glycerides, catalysts, amounts of 

ammonia (NH3), reaction temperatures and/or reaction 

times. These variations and the results of the examples 

are detailed hereinafter (all percentage data are percen-

35 tages by weight; the first of the two numbers quoted in 

parentheses after the glyceride which was used is the 

saponification number, and the second is the acid number; 

the percentage given after the catalyst compound is the 

amount of catalyst used).
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Example 8

Palm oil (202; 0.7); zinc Cq5 I C 1 g-aIkanesu I fon ate, 3%; 

400 I of NH3 during the glyceride reaction and 15 I of 

NH3 during the after-reaction; reaction temperatures as

5 in Example 5. Result: Glycerol yield 92%, fatty acid 

nitrile yield 95% with 0.28% of fatty acid amide and 0.23% 
of fatty acid.

Example 9

Coconut oil (240; 1.8); lead salt of tallow fatty acid,

10 5%; 600 I of NH3 during the glyceride reaction and 100 I

during the after-reacti0n; reaction temperatures as in 

Example 6. Result: Glycerol yield 84%, fatty acid nitrile 

yield 94% with 0.24% of fatty acid amide and 0.15% of 

ratty acid.

15 Example 10
0 0

0
C 0 ■

0 O O 09
0 ·

QCO ¢0
0 '

O . c ‘j

O O

J 0
47 0 00

Castor oil (173; 1.8); cadmium methylbenzene(toluene)sul-  

fonate, 3%; 800 I of NH3 during the glyceride reaction 

and 50 I of NH3 during the after-reaction; reaction 

temperatures as in Example 3. Result: Glycerol yield 74%,

20 fatty acid nitrile yield 65% with 0.20% of fatty acid 

amide and 0.18% of fatty acid.

Example 11

Rape oil (167; 1.8); cobalt n-dodecyInaphtha Ienesu I fοnate, 

4%; 600 I of NH3 during the glyceride reaction and 50 L

25 of NH3 during the after-reaction; reaction temperatures 

as in Example 6. Result: Glycerol yield 89%, fatty acid 

nitrile yield 91% with 0.16% of fatty acid amide and 0.12%

of fatty acid.

Example 12 

30 Whale oil (189; 6.3); iron hexy I benzenesuIfon ate, 4%;

400 I of NH3 during the glyceride reaction and 50 I

of NH3 during the after-reaction; reaction temperatures 

as in Example 3. Result: Glycerol yield 83%, fatty acid 

nitrile yield 86% with 0.27% of fatty acid amide and 0.23%

35 of fatty acid.

Example 13

Industrial beef tallow (186; 12.6); di-n-butyltin(IV) 

bis(n-dodecylbenzenesulfonate), 2%; 800 I of NH3 during 

the glyceride reaction and 100 I of NH3 during the after-
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reaction.
230°C for 

(5 0 C per
3

15

Reaction temperature for the glyceride reac 
to 260°C within 1.5 

at 260°C 

300°C

hours, then increased 

minutes) and 0.5 hours

for the after-reaction

t i on

hours

temperature

same temperature program was followed 

, fatty 

i d e

, reaction

for 1.5 hours (the

2) .

96% with

Result: Glycerol yield 93% 

of fatty acid am

Examples

0.14%

14 to 17

and

Examples 1 and 

id nitrile yield 

0.10% of fatty

i n

a c

acid.

These examples 

but with mono-

diorganotin(IV) 

ferent amounts

reaction times.

were carried out

or triglycerides

bissulfonates as

of ammonia,

These var

i n

a s

r e a c t i

i a t i ο n s

i na f t e r

analogy to Example 

the glyceride, with 

catalysts and with d i f — 

on temperatures and/or 

and the results of the

(the remarks

1,

examples are detailed here 

this point for Examples 3 

Example 14

Glycerol tricaprylate or tricaprylin (159; 2.8) 

octadecy 11in(IV ) bis(n-octadecyLsuLfon ate), 4%; 

of NH3 as in Example 

Example 4. Result: 

yield 

fatty 

Exampl

Glycerol 

t in(IV)

to 7 also apply here)

made at

e d i -n-

amounts

94% with 0.18%

a c i d .

e 15

4; reaction temperatures as

Glycerol yield

of

tristearate o r

i n

fatty acid

tristearin

bis(n-octylsulfonate),

the glyceride reaction and 50 I 

reaction

Glycerol

0.17% of

2%;

of

; reaction temperatures 

yield 92%, 

fatty acid

16

fatty 

amide

acid

as

89%, 

amide

(187;

600 I

fatty a c

and 0.

i d

12%

nitrile

o f

diphenyl- 

du r i ng 

after-

Result:

6.7) ;

of NH3 

NH3 during the 
in Example 3.

nitrile yield 95% w 

and 0.14% of fatty acid.
i t h

Example 

Glycerol 

hexadecylsulfonate) 

reaction and 15 I 

t ion temperatures 

92%,

amide and 0.12% of fatty acid.

monolaurate

z

of

as

(178;

3%; 800 I of NH3 during the glyceride 

NH3 during the after-reaction; reac- 

in Example 6. Result: Glycerol yield

fatty acid nitrile yield 94% with 0.19% of fatty acid

3.8); diphenyltin(IV) b i s ( n -

>·
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Example 17

Glycerol monooleate (172; 4.6); dipheny11in(IV) bis(phenyl- 

sulfonate), 

and 100 I of

2%; 400 I of NH3 during the glyceride reaction

nh3
5

10

15

20

temperatures 

fatty acid n 

and 0.15% of

as i

i t r i I

during the after-reaction; reaction

Example 1. Resul t: 

yield 90% with 0.14% 

acid.

n

e

fatty

Glycerol 

of fatty

y i e Id

a c i d

90%,

amide

Example 18

The catalysts 

cedure otherwi

stated below were used in Example the pro

The catalysts

se being in every respect 

are: zinc caprylate, zinc

18,

as in Example 4. 

stearate, zinc

erucate, lead 2-methyI benz0 ate, zinc 3-n-dodecy I benz0 ate , 

cadmium 2-methyLnaphth0 ate, zinc perfIu0r0hexanesuIfon ate, 

cobalt 2-hydr0xy-n-dodecanesuIf0nate and a mixture of 1% by 

weight of zinc n-dodecyI benzenesuIfon ate and 1% by weight 

of cadmium tο I uenesuIfonate.

Result: Glycerol yields from 82 to 96% by weight, fatty 

acid nitrile yields from 89 to 96% by weight with 0.15 to 

0.,25% by weight of fatty acid amide and 0.10 to 0.20% by 

weight of fatty acid.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A process for the production of glycerol and fatty
acid nitrile from the reaction of glyceride with ammonia, 
said process comprising:

reacting a bath of mono-, di-, or tri-glyceride or 
mixture thereof having alkyl or olefinically unsaturated 
aliphatic hydrocarbon or monohydroxyalkyl or
monohydroxyalkenyl radicals of 3 to 23 carbon atoms with a 
flow of ammonia in an amount of at least 200 liters per 
kilogram of said glyceride per hour in a reaction zone at a 
temperature of 220° to 300°C. in the presence of a metal 
salt of a carboxylic or sulfonic acid or a diorganotin (IV) 
bissulfonate catalyst wherein said diorganotin catalyst is 
of the formula

( R4 ) ( R5 )Sn2+ [ (OSO2R6 )" ]2 
in which R4 , R5 and R6, are identical or different, and are 
alkyl, aryl, alkyl-substituted aryl, aralkyl or cycloalkyl, 
thereby forming an effluent product mixture comprising 
glycerol, water and fatty acid nitrile containing fatty acid 
and fatty acid amide, said fatty acid nitrile, fatty acid, 
and fatty acid amide all having said radicals of 3 to 23 
atoms ,

conveying the resulting effluent product mixture to 
a separating zone, wherein said fatty acid nitrile 
containing fatty acid and fatty acid amide is separated from 
the product mixture and returned to the reaction zone while 
the reaction between said glyceride and the ammonia is still 
proceeding at 220° to 300°C., and continuing to maintain the 
temperature range of 220° to 300°C. until the batch of said 
glyceride is essentially used up and the effluent product 
mixture becomes essentially free of glycerol, subsequently, 
continuing the return of fatty acid nitrile containing fatty 
acid and fatty acid amide to the reaction zone while 
decreasing the flow of ammonia to the amount of 5 to 150 
liters per kilogram of the total fatty acid nitrile
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containing fatty acid and fatty acid amide in the reaction 
zone, per hour, and adjusting the temperature to 240° to 
320°C., until essentially all of the fatty acid and fatty 
acid amide have been converted to fatty acid nitrile, while 
conveying the fatty acid nitrile product to the separating 
zone, and

recovering fatty acid nitrile and glycerol from 
said separating zone.

2. The process according to claim 1, wherein the fatty 
nitrile containing fatty acid and a fatty acid amide is 
returned to the reaction zone contniuously at a flow rate 
approximately equal to the rate of flow of effluent product 
mixture from the reaction zone.

3. The process according to claim 1 wherein the 
effluent product mixture conveyed from the reaction zone is 
conveyed at essentially the temperature of the reaction zone

condensed and deposited in a 
form a

and is
140° to 175°C., in order to 
a higher fatty acid nitrile 
phase containing fatty acid 
acid nitrile phase 
during the reaction 
well as during the
is decreased and the

4. The process
reaction between said
out at a temperature of 230° 
the batch of glyceride is 
temperature and ammonia flow 
maintained at 260° to 300°C., 
liters per kilogram per hour,

phase ,
and fatty acid amide, 

being returned to the 
betweeh said glyceride

subsequent step when the 
temperature

according 
glyceride 

to

receiving zone heated to 
lower glycerol phase and 
said fatty acid nitrile 

said fatty
reaction zone 
and ammonia as 
flow of ammonia

is adjusted.

to claim 1, wherein the 
and the ammonia is carried 
270°C., and wherein, after 

essentially used up, the 
rates are adjusted to and 
and an amount of 15 to 100 
respectively.
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5. The process according to claim 1 wherein said
glyceride is a naturally-occurring vegetable or animal fat 
or oil consisting essentially of a triglyceride of the 
formula

CH2--0-----CO---R1
2H-- 0-----CO-- R2
CH2--0-----CO---R3

wherein R , R2 , and R3 are identical or different and are 
branched or straight-chain alkyl of 7 to 23 carbon atoms or 
olefinically unsaturated aliphatic hydrocarbon radicals of 
11 to 21 carbn atoms.

I!
1!

6. The process according to claim 1 wherein the
catalyst is a metal salt of a carboxylic or sulfonic acid.
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