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A d i s c u s s i o n of t h e s e five n i t r o g e n derivatives o f
fat ty a c i d s i s given in r e g a r d s t o the c h e m i s t r y o f t h e i r
p r o d u c t i o n a n d s o m e o f the r e a c t i o n c o n d i t i o n s . Also
c o v e r e d are some o f t h e applications a n d p r o p e r t i e s
o f t h e s e derivatives.

The s y m m e t r i c a l s e c o n d a r y a m i n e s have been c o m -
mercially available for s o m e t ime a n d p r o c e s s e s w e r e b e i n g
p a t e n t e d in t h e e a r l y 1 9 4 0 s (1). T h e s e p r o d u c t s r e s u l t from
the catalytic h y d r o g e n a t i o n o f nitriles u n d e r c o n t r o l l e d
conditions. G e n e r a l l y speaking, the reaction is d o n e at ca.
2 0 0 C a n d a t a b o v e atmospheric pressure. The b a s i c
operation is a r e a c t i o n o f h y d r o g e n w i t h a nitrile t o form a
p r i m a r y a m i n e a n d then the s u b s e q u e n t r e a c t i o n o f t w o
p r i m a r y a m i n e s t o form a s e c o n d a r y a m i n e a n d l i b e r a t e
a m m o n i a . T h e r e have b e e n m a n y theories p o s t u l a t e d a b o u t
the m e c h a n i s m o f this reaction, but most l i k e l y t h e r e is a n
i n t e r m e d i a t e i m i n e f o r m e d (2) d u r i n g the nitrile h y d r o g e n a -
tion s t e p .

The r e a c t i o n c o n d i t i o n s r e q u i r e d for s e c o n d a r y a m i n e s
are high t e m p e r a t u r e , s o m e h y d r o g e n p r e s s u r e , a n d the
p r o p e r catalyst. High t e m p e r a t u r e i s r e q u i r e d to convert the
p r i m a r y a m i n e to s e c o n d a r y a m i n e , a n d the r e a c t i o n i s run
at a n y w h e r e from ca 150 C up to ca. 2 3 0 C. The a m m o n i a
that i s f o r m e d m u s t be r e m o v e d from the r e a c t i o n in o r d e r
that it n o t i n h i b i t the s e c o n d a r y formation. This can be
d o n e in a variety o f w a y s , but the t w o m o s t f r e q u e n t l y
m e n t i o n e d are c o n t i n u o u s v e n t i n g o f the . h y d r o g e n o r
alternating p r e s s u r i n g w i t h v e n t i n g o f the h y d r o g e n (3). It i s
necessary t o have h y d r o g e n p r e s e n t a t all t i m e s or d e g r a d a -
tion o c c u r s l e a d i n g t o h i g h levels o f nonamine.

The c a t a l y s t u s e d c a n be a n y one o f a v a r i e t y o f active
m e t a l catalysts: nickel, c o b a l t , copper-chromium, the n o b l e
m e t a l s , etc. The c h o i c e o f catalyst i s d e t e r m i n e d by the
p r o d u c t b e i n g m a d e , the rdtrile b e i n g used , e c o n o m i c s , etc.
N i c k e l catalysts are m o s t wide ly u s e d commercially, a n d
generally s p e a k i n g the copper,c h r o m i t e catalyst i s u s e d t o
r e t a i n c a r b o n to c a r b o n u n s a t u r a t i o n .

The s e c o n d a r y a m i n e s f i n d most o f t h e i r u se a s c h e m i c a l
intermediates. They have b e e n the b a s i c s o u r c e o f the
d i f a t t y d i m e t h y l q u a t e r n a r y a m m o n i u m c h l o r i d e that i s
u s e d in m a n y a r e a s that I will d i scuss later. The s e c o n d a r y
a m i n e s have b e e n u s e d a s i n g r e d i e n t s o f v a r i o u s textile aids
a n d c h e m i c a l intermediates f o r a variety o f i n d u s t r i a l
c o m p o u n d s .

The s e c o n d a r y a m i n e s , a s are all the f a t t y a m i n e s , are
cationic a n d alkaline in n a t u r e l e a d i n g t o v a r i o u s p o s s i b l e
c h e m i c a l a n d p h y s i c a l reactions. S o m e o f the r e a c t i o n
possibilities o f s e c o n d a r y a m i n e s are:

With e t h y l e n e o x i d e :

R2NH + n C H ~ - / ~ 2 - - - R 2 N ( C H 2 - C H 2 - O ) n H

O

With a l k y l h a l i d e s :

R2NH + R w X ~ R~R2N + Hx

R2NH + 2 R ' X - * [ R ~ 2 R 2 N ] + X - + HX

With a c i d s :

R2NH + HX ~ R2NH ° HX

R 2 N H + H N O2 --, R 2 N - N O + H 2 0

The r e a c t i o n w i t h n i t r o u s a c i d i s d e p i c t e d here to s h o w
that s e c o n d a r y a m i n e s can a f f o r d nitrosamines u n d e r cer-
tain conditions.

T h e r e are many o t h e r r e a c t i o n s that have n o t b e e n
l i s t e d . The s e c o n d a r y a m i n e s c a n be as v a r i e d as the f a t t y
a c i d s u s e d to make t h e m .

Tertiary a m i n e s c o m p r i s e a w i d e r variety of p r o d u c t s
than the s e c o n d a r i e s s i n c e t h e r e are more possibilities
o f w h a t can be p u t o n the n i t r o g e n a t o m . T h e r e are
commercially available s y m m e t r i c a l tertiary a m i n e s o r
trifatty a m i n e s a n d u n s y m m e t r i c a l tertiaries w h i c h consist
o f m e t h y l d i f a t t y a m i n e s a n d d i m e t h y l m o n o f a t t y a m i n e s .
A s in the s e c o n d a r y a m i n e s , t h e s e v a r i o u s tertiaries can
be m a d e from a n y o f t h e a v a i l a b l e fat ty a c i d s that c a n
be converted t o a nitrile s i n c e they too are m a d e from
the f a t t y nitriles.

The s y m m e t r i c a l tertiary a m i n e s are essentially a f u r t h e r
catalytic h y d r o g e n a t i o n p r o d u c t o f nitriles. In s i m p l i f i e d
f o r m , a nitrile is h y d r o g e n a t e d t o a p r i m a r y a m i n e , t w o
primaries r e a c t to give a s e c o n d a r y w i t h liberation of
a m m o n i a , a n d then a n o t h e r p r i m a r y r e a c t s w i t h the s e c o n d -
ary a n d f o r m s the tertiary w i t h l i b e r a t i o n o f a m m o n i a . The
reaction is a c t u a l l y a series o f reactions t h r o u g h inter-
m e d i a t e i m i n e s d u r i n g the r e a c t i o n (3).

T h e s e trifatty a m i n e s are p r e p a r e d m u c h like the d i f a t t y
s e c o n d a r i e s in that they are m a d e at h i g h temperatures, l o w
h y d r o g e n p r e s s u r e s , a n d usua l ly w i t h a n i c k e l catalyst.

A n alternative m e t h o d f o r m a k i n g the trifatty tertiary
a m i n e s is one in w h i c h the s y m m e t r i c a l s e c o n d a r y a m i n e
f o r m e d in the usua l m a n n e r i s r e a c t e d w i t h a f a t t y a l c o h o l
w i t h l i b e r a t i o n o f w a t e r (4). This r e a c t i o n i s c a r r i e d o u t at
the same h i g h t e m p e r a t u r e o f 180 C to 250 C a n d h i g h e r
p r e s s u r e s in the r a n g e o f 100 to 2 0 0 p s i g .

The b a s i c p r o d u c t s in c o m m e r c i a l p r o d u c t i o n are the
trifatty tertiaries o f s h o r t c h a i n f a t t y a c i d s in the C8 a n d
Cl0 r a n g e a n d the h y d r o g e n a t e d t a l l o w f a t t y a c i d s . They
are primarily u s e d in ore flotation.

The u n s y m m e t r i c a l tertiary a m i n e s are composed, o f
m e t h y l d i f a t t y tertiaries a n d d i m e t h y l m o n o f a t t y tertiary
a m i n e s . These are b o t h p r o d u c e d commercially by the
r e d u c t i v e alkylation o f e i t h e r a p r i m a r y o r s e c o n d a r y a m i n e
u s i n g a n i c k e l catalyst a n d f o r m a l d e h y d e o r its p o l y m e r s
(5). The r e a c t i o n s as s h o w n b e l o w s h o w a p r i m a r y a m i n e
r e a c t i n g w i t h t w o m o l e s o f f o r m a l d e h y d e a n d t w o m o l e s o f
h y d r o g e n t o y i e l d a d i m e t h y l a l k y l a m i n e a n d w a t e r a n d a
s e c o n d a r y a m i n e r e a c t i n g w i t h one mole e a c h o f f o r m a l d e -
h y d e a n d h y d r o g e n to give a m e t h y l d i a l k y l a m i n e a n d
w a t e r :

cat.
R N H 2 + 2 H C H O + 2H2 --~ R N ( C H 3 )2 + 2 H 2 0

cat.
R 2 N H + H C H O + H 2 ~ R 2 N C H3 + H 2 0

These reactions r e q u i r e m o d e r a t e temperatures a n d
p r e s s u r e s a n d usua l ly r e q u i r e n i c k e l catalyst.

T w o a d d i t i o n a l m e t h o d s that are u s e d for m a k i n g
d i m e t h y l a l k y l a m i n e s commercially are:
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RX+(CH3)2NH ~ R N ( C H 3 )2 +HX

cal.
RC-=---N + (CH3)2NH + 2H2 -~ RCH2N(Ctt3)2 + NH 3

The first i s the r e a c t i o n o f a f a t t y h a l i d e w i t h d i m e t h y l
a m i n e g i v i n g the d i m e t h y l a l k y l tertiary a n d a n a c i d (6).
These are m a d e from e i t h e r t h e c h l o r i d e or the b r o m i d e .
The o t h e r m e t h o d is the reaction of a f a t t y nitri te with
d i m e t h y l a m i n e a n d h y d r o g e n in the p r e s e n c e o f a n i c k e l
catalyst to give d i m e t h y l a l k y l a m i n e a n d a m m o n i a (7).

The tertiary a m i n e s have m a n y i n d u s t r i a l u ses s u c h as
corrosion i n h i b i t o r s , fuel oil a d d i t i v e s , b a c t e r i c i d e s , f u n g i -
c i d e s , p i g m e n t g r i n d i n g , ore flotation, c o s m e t i c i n g r e d i e n t s
a n d intermediates to many o t h e r c h e m i c a l c o m p o u n d s , as
well as catalysts for c e r t a i n polymerization reactions. They
are very versatile c h e m i c a l s a n d u n d e r g o m a n y c h e m i c a l
r e a c t i o n s s u c h a s w i t h h a l i d e s , p e r o x i d e s , chloroacetic a c i d
a n d e t h y l e n e o x i d e .

The next c l a s s o f a m i n e s are the so-called d i a m i n e s , the
N-alkyl 1,3 p r o p y l e n e d i a m i n e s . T h e s e are the h y d r o g e n a t e d
reaction p r o d u c t o f p r i m a r y a m i n e s a n d acrylonitrile (8).
This c l a s s o f a m i n e s is p r e p a r e d in a two-step operation:

RNH 2 +CH2=CH--C~N ~ RNHCH2CH2C~N

cat .
RNHCH2CH2C~=N + 2H2 ~ RNHCH2CH2CH2NH2

RNH 2 + 2CH2=CH-C~-=N ~ RN(CH2CtI2C~N)2

eat .
RN(CH2CH2C~---N ) + 4H2 --* RN(CH2CH2CH2NH2) 2

The first step i s f o r m a t i o n o f the acrylonitrile adduc t o f
the p r i m a r y a m i n e . The reaction can be d o n e in a l m o s t a n y
a g i t a t e d s y s t e m , but w a t e r a n d s h o r t c h a i n a l c o h o l s act as
catalysts for the r e a c t i o n to help i t p r o c e e d more s m o o t h l y
a n d go t o completion more r e a d i l y . The c y a n o e t h y l a t e d
a m i n e is then catalytically h y d r o g e n a t e d t o c o n v e r t the
nitrile g r o u p to a p r i m a r y a m i n e . This h y d r o g e n a t i o n is
basically t h e same as d e s c r i b e d by R e c k in t h e p r e c e d -
ing p a p e r w h e n he c o v e r e d p r i m a r y amines. That is, the
h y d r o g e n a t i o n i s m a d e with a p a r t i a l p r e s s u r e o f a m m o n i a
a n d p o s s i b l y the use o f w a t e r o r a l k a l i to r e t a r d the f o r m a -
tion o f s e c o n d a r y a m i n e s . The r e s u l t a n t p r o d u c t then has
t w o a m i n e f u n c t i o n a l g r o u p s , one p r i m a r y a m i n e a t the e n d
a n d one s e c o n d a r y a m i n e w i t h i n the c h a i n . T h e r e b y the
n a m e " d i a m i n e . " This reaction o f acrylonitrile w i t h a
p r i m a r y a m i n e can be c a r r i e d f u r t h e r a n d a f f o r d t w o
m o l e s o f acrylonitrile a d d e d to the p r i m a r y a m i n e a n d
this adduc t h y d r o g e n a t e d to give a p r o d u c t w i t h t w o pri-
mary a m i n e f u n c t i o n a l g r o u p s a n d o n e tertiary f u n c t i o n a l
g r o u p (9).

T h e s e p r o d u c t s are cationic in n a t u r e a n d have all the
reaction potential o f t h e p r i m a r y a m i n e s a s well as the
s e c o n d a r y a m i n e s . They can r e a c t w i t h a c i d s , a l k y l h a l i d e s ,
ethylene o x i d e , a n d f o r m a l d e h y d e . As with o t h e r a m i n e s ,
t h e r e are a m y r i a d o f reaction possibilities.

The d i a m i n e s have f o u n d very l a rge m a r k e t s in the
m i n i n g i n d u s t r y as flotation a g e n t s b e c a u s e o f t h e i r cationic
n a t u r e a n d t h e i r specificity for c e r t a i n o r e s . They have also
f o u n d la rge usage in the p a v i n g i n d u s t r y a s c a t i o n i c e m u l s i -
f i e r s for asphalts. They have b e e n u s e d a s f u e l oil a d d i t i v e s ,
f a b r i c softeners, c a r b u r e t o r d e i c e r s , g e r m i c i d a l p r o d u c t s a n d
a s many o t h e r c o m m e r c i a l p r o d u c t s .

The next type a m i n e , p r o b a b l y the l a r g e s t v o l u m e c l a s s
p r o d u c e d , i s t h e q u a t e r n a r y a m i n e . T h e s e a m i n e s are salts,
but t h e r e are a variety o f t y p e s d e p e n d i n g o n the a m i n e a n d
the q u a t e r n i z i n g a g e n t u sed . S o m e o f the m a j o r q u a t e r n i z a -
tion reactions are:

S e c o n d a r y a m i n e p l u s m e t h y l c h l o r i d e :

R2NH + 2CH3C1 + NaOH ~ [ R2N(CH3) 2] + CI- ÷ NaCI + H 2 0

Tertiary a m i n e p l u s m e t h y l c h l o r i d e :

R 2 N C H3 + CH3CI --* [ R2N(CH3)2] + CI-

Primary a m i n e p l u s m e t h y l c h l o r i d e :

RNH 2 + 3CH3C1 +2NaOH~[RN(CH3) 3]+C1- + 2NaCI+2H20

Tertiary a m i n e p l u s m e t h y l c h l o r i d e :

RN(CH3)2 + CH3CI ~ [ RN(CH3)3] +Cl-

Tertiary a m i n e p l u s b e n z y l c h l o r i d e :

RN(CII3)2 + C6HsCH2CI ~ [ RN(CH3)2CH2C6H5 ] +CI-

Tertiary a m i n e p l u s d i m e t h y l s u l p h a t e :

RN(CH3)2 + (CH3)2SO4 --* [ RN(CH3)3] + CH3SO4-

E t h o x y l a t e d a m i n e p l u s m e t h y l c h l o r i d e :

RNH(CH2CH20)nH + CH3C1 ~ [ RNH(CH2CH20)nHCH3I O -

D i a m i n e p l u s m e t h y l c h l o r i d e :

RNH(CH2)3NH 2 + 5CH3C1 + 3NaOH

[RN+(CH3)2(CH2)3N+(CH3)31 2C1- + 3 N a C I + 3 H 2 0

A s e c o n d a r y a m i n e c a n be r e a c t e d w i t h m e t h y l c h l o r i d e
in the p r e s e n c e o f an alkali, w h i c h c a n be any one o f m a n y ,
but the p r e d o m i n a n t ones are s o d i u m h y d r o x i d e a n d
s o d i u m b i c a r b o n a t e . The p r o d u c t is a d i m e t h y l d i a l k y l
q u a t e r n a r y a m m o n i u m c h l o r i d e p l u s o n e mole o f s a l t . The
r e q u i r e d a l k a l i c a n be a d d e d at t h e b e g i n n i n g o f the
r e a c t i o n o r c a n be m e t e r e d in a s the r e a c t i o n progresses t o
n e u t r a l i z e t h e h y d r o c h l o r i c acid as it f o r m s ( 1 0 ) .

A n o t h e r w a y to m a k e the s a m e p r o d u c t is to s t a r t w i t h a
d i a l k y l tertiary a m i n e a n d r e a c t w i t h m e t h y l c h l o r i d e a n d
get the p r o d u c t w i t h o u t the formation o f salt. U s u a l l y s o m e
a l k a l i is u s e d in this r e a c t i o n b e c a u s e t h e r e will be s o m e
s e c o n d a r y a m i n e present, a n d s o m e o f the m e t h y l c h l o r i d e
wi l l h y d r o l y z e d u r i n g t h e r e a c t i o n g i v i n g s o m e h y d r o c h l o r i c
a c i d t o be n e u t r a l i z e d .

T h e s a m e r e a c t i o n o c c u r s w i t h a p r i m a r y a m i n e
a n d m e t h y l c h l o r i d e to give a t r i m e t h y l a l k y l q u a t e r n a r y
a m m o n i u m c h l o r i d e , but the l a rge q u a n t i t i e s o f salt g e n e r -
a t e d m a k e it s o m e w h a t o f a c u m b e r s o m e r e a c t i o n . This same
p r o d u c t can be m a d e by r e a c t i n g a d i m e t h y l a l k y l a m i n e
w i t h m e t h y l c h l o r i d e u s i n g a s m a l l a m o u n t o f alkali.

A n o t h e r l a rge c l a s s o f q u a t e r n a r y a m i n e s are the b e n z y l
d i m e t h y l a l k y l q u a t e r n a r y a m m o n i u m c h l o r i d e s . T h e s e are
m a d e by the r e a c t i o n o f d i m e t h y l a l k y l a m i n e s w i t h b e n z y l
c h l o r i d e . A s in the m e t h y l c h l o r i d e reaction, it i s an a d d i -
tion r e a c t i o n a n d r e q u i r e s o n l y a s m a l l a m o u n t o f alkali, i f
any, to c o n t r o l the pH.

All o f t h e s e q u a t e r n a r y a m i n e r e a c t i o n s a r e g e n e r a l l y
d o n e in a n alcohol-water solvent (u sua l l y isopropanol), a n d
the p r o d u c t s m a r k e t e d as e i t h e r a 75% o r 50% active
material.

A n o t h e r m a j o r q u a t e r n a r y a m i n e i s p r o d u c e d by the
d i r e c t r e a c t i o n o f d i m e t h y l tertiary a m i n e w i t h d i m e t h y l
s u l p h a t e a n d is usua l ly r e a c t e d w i t h o u t a solvent.

A s o m e w h a t d i f f e r e n t type q u a t e r n a r y a m i n e c a n be
m a d e from t h e r e a c t i o n o f a n e t h o x y l a t e d a m i n e w i t h
m e t h y l c h l o r i d e , a s s h o w n , o r w i t h a n y o t h e r q u a t e r n i z i n g
agent. T h e s e are o f s o m e w h a t s m a l l e r v o l u m e than s o m e o f
the ones m e n t i o n e d a b o v e .

All o f the p r o d u c t s d e s c r i b e d a b o v e c a n be m a d e f r o m
a n y f a t t y a c i d available, a n d t h e r e a r e a m u l t i t u d e o f them
m a d e a n d s o l d in c o m m e r c i a l q u a n t i t i e s . The r e a c t i o n
c o n d i t i o n s vary s o m e w h a t d e p e n d i n g on the p a r t i c u l a r
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TABLE I

Melting Point of Fatty Amines from Hydrogenated Tallow Acids

Amine ° C

Symmetrical secondary
Difatty ~'nonomethyl tertiary
Dimethyl monofat ty tertiary
N Fatty 1,3 propylene diamine
Dimethyl difatty quaternary (75% active)
Benzyl dimethyl mono fatty quaternary (75% active)

6 8
4 2
18
4 9
32
15

p r o d u c t b e i n g m a d e a n d the specific p r o c e s s b e i n g u t i l i z e d .
G e n e r a l l y , the t e m p e r a t u r e wi l l be in the r a n g e of 8 0 - 1 1 0
C a n d the p r e s s u r e will be w h a t e v e r is g e n e r a t e d by the
solvent a n d the q u a t e r n i z i n g a g e n t . The a m o u n t o f a l k a l i
u s e d wi l l essentially be d e p e n d e n t u p o n t h e s t a r t i n g a m i n e
a n d the q u a t e r n i z i n g a g e n t .

The q u a t e r n i z e d d i a m i n e s have been g e t t i n g s o m e
attent ion. I have s h o w n a b o v e the r e a c t i o n o f a d i a m i n e
with m e t h y l c h l o r i d e , but c o n s i d e r the fact that the
d i a m i n e can be e t h o x y l a t e d o r r e a c t e d w i t h f o r m a l d e h y d e
p r i o r to q u a t e r n i z a t i o n a n d c o u l d be q u a t e r n i z e d w i t h
r e a g e n t s o t h e r than m e t h y l c h l o r i d e (11 ).

The q u a t e r n a r y a m i n e s are u s e d in m a n y d i f f e r e n t
i n d u s t r i e s for many d i f f e r e n t uses : as f a b r i c softeners, as
corrosion inhibitors, as a id s in s u g a r refining, in v a r i o u s hair
care p r o d u c t s , as reactants in specialty g r e a s e s , a n d in
d o w n - w e l l additives.

The next c l a s s o f c o m p o u n d s are the imidazolines. These
p r o d u c t s , as differentiated f r o m the p r e v i o u s ones covered,
are not m a d e from f a t t y nitrites, but by the reaction o f
f a t t y a c i d s or g l y c e r i d e s w i t h v a r i o u s d i a m i n e s o r s u b s t i -
t u t e d d i a m i n e s ( 1 2 ) . S e v e r a l t y p e s of i m i d a z o l i n e s are
s h o w n b e l o w :

OH HN - C H2/ H2N-CH2 / /
+ --* RC / + 2H20

R C H 2 N C H 2 \\
O N - C H2

?
C 3 H s ( R - C - O ) 3 + 3NH(C2H4NH2) 2~C3H5(O11)3 +

i• /CH2\
3 R - C - N H ( C H 2 ) 2 - N ~H2

~=O NH2
R

~) / / C H 2 \

C=O NH2 RC CH2
i \ \ /

R N

The r e a c t i o n o f a f a t t y a c i d w i t h e t h y l e n e d i a m i n e goes
t h r o u g h a n a m i d e s t a g e a n d then to a 2-imidazoline. The
r i n g c l o s u r e r e q u i r e s h i g h e r temperatures, in the r a n g e
2 0 0 - 3 0 0 C. A n o t h e r reaction as s h o w n here is w i t h t a l l o w
g l y c e r i d e a n d diethylene triamine. The reaction gives the
d i a m i d e a n d glycerine, a n d w i t h i n c r e a s e d t e m p e r a t u r e , the
d i a m i d e c y c l i z e s to form the i m i d a z o l e n e . This same
reaction can be c a r r i e d o u t w i t h f a t t y a c i d s in p l a c e o f the
g l y c e r i d e t o y i e l d the same p r o d u c t w i t h o u t the glycerine
b y p r o d u c t . The g l y c e r i n e from the triglyceride r e a c t i o n can
be left in the r e a c t i o n mix o r can be s t r i p p e d out. The final
i m i d a z o l i n e s c a n also be q u a t e r n i z e d as o t h e r tertiary
amines. The r e a c t i o n o f a n imidazoline from diethylene
t r i a m i n e a n d a fat ty acid b e i n g q u a t e r n i z e d with d i m e t h y l
s u l p h a t e is:

?
RCNH(CH2)2- ~ - ~ H 2 + (CH3)2SO4

RC~ /CH2
N

rR CH3 7 +

RC CH2/

T h e s e p r o d u c t s , a s tertiary a m i n e s , q u a t e r n i z e in m u c h
t h e same m a n n e r as do the v a r i o u s tertiary a m i n e s d i s c u s s e d
earlier; i.e., the reaction i s p e r f o r m e d in isopropyl alcohol
a n d w a t e r at a m o d e r a t e t e m p e r a t u r e a n d usua l ly w i t h a
s m a l l a m o u n t o f a l k a l i present. The imidazolines have
f o u n d uses as f a b r i c softeners, e i t h e r a l o n e or in c o n j u n c -
tion w i t h o t h e r q u a t e r n a r y a m i n e s , as corrosion inhibitors,
a s surfactants, a s d e m u l s i f y i n g agents, a n d a s ampholytic
detergents a m o n g o t h e r u s e s . The physical characteristics o f
t h e s e f a t t y a m i n e s vary c o n s i d e r a b l y by t y p e . U s i n g o n e
f a t t y acid b a s e , h y d r o g e n a t e d t a l l o w a c i d s a s an e x a m p l e ,
the m e l t i n g p o i n t s as s h o w n in T a b l e I have a wide s p r e a d
o f over 50 C. O f c o u r s e , the q u a t e r n a r y p r o d u c t s are l o w in
m e l t i n g p o i n t b e c a u s e they are in a n alcohol-water solvent.
The a c t u a l q u a t e r n a r y s a l t s have m e l t i n g p o i n t s m u c h
h i g h e r than any of the a m i n e s , as w o u l d be e x p e c t e d .

A n o t h e r area o f difference is in the solubilities o f t h e s e
amines. S o l u b i l i t i e s in isopropanol a n d in b e n z e n e are
s h o w n in T a b l e II. At h i g h e r t e m p e r a t u r e s , generally a b o v e
t h e i r m e l t i n g p o i n t s , all o f the a m i n e s are very s o l u b l e .

The f i g u r e s given are for only one p r o d u c t in each type
o f a m i n e . The m e l t i n g p o i n t a n d s o l u b i l i t i e s are a f f e c t e d by
the different f a t t y a c i d base s t o c k used . The l o n g e r c h a i n
f a t t y a c i d s give h i g h e r m e l t i n g p o i n t s a n d s o m e w h a t l o w e r
solubilities, a n d the u n s a t u r a t e d f a t t y a c i d s give l o w e r m e l t -
i n g p o i n t s a n d i n c r e a s e d solubilities.

The w h o l e area o f f a t t y a m i n e chemistry is an open
e n d e d story. Over the last f o r t y y e a r s , these p r o d u c t s have
been d e v e l o p e d , i m p r o v e d , a n d characterized to the p o i n t

TABLE II

Solubility of Fatty Amine from Hydrogenated Tallow Acids in Isopropanol and Benzene (g/100 ml,

In lsopropanol In Benzene
10 C 3 0 C 6 0 C 10C 30C 6 0 C

Symmetrical secondary 1
Difatty monomethyl tertiary <1
Dimethyl monofat ty tertiary >100
N Fatty 1,3 propylene diamine <10
Dimethyl difatty quaternary (75% active) <1
Benzyl dimethyl monofat ty quaternary (75% active) < 100

10 <50 4 7 <100
<10 >100 > 7 5 >100 >100
>100 >100 >100 >100 >100

20 <100 2 50 <100
>I00 >100 1 25 >100
>100 >100 >100 >100 > i 0 0

804A j . AM. OIL CHEMISTS' SOC., November 1979 (VOL. 56)



w h e r e they are a s o l i d part of a variety o f commercial
operations. They have f o u n d t h e i r w a y into m a n y o p e r a -
t i o n s a n d are f i n d i n g n e w a n d v a r i e d uses in i n d u s t r y d a i l y .
I feel the f u t u r e for f a t t y a m i n e s i s a l m o s t u n l i m i t e d . They
are s u c h a wide variety o f c o m p o u n d s b e c a u s e o f the ex-
t r e m e n u m b e r o f possibilities available in the f a t t y acid
s o u r c e s , b e c a u s e o f the m a n y c h e m i c a l reactions that can be
m a d e , a n d b e c a u s e o f t h e i r p a r t i c u l a r c a t i o n i c n a t u r e . Ask
q u e s t i o n s s u c h a s :

What c h e m i s t r y do I n e e d a n d can a f a t t y a m i n e p e r f o r m
all o r part o f i t?
What s u r f a c e do I n e e d m o d i f i e d a n d wi l l a c a t i o n i c
c h e m i c a l m o d i f y i t?
What e f f e c t do I n e e d to have in a p a r t i c u l a r c a t i o n i c
c h e m i c a l a n d will a certain h o m o l o g d i s t r i b u t i o n ac-
c o m p l i s h i t?
What n e w c h e m i c a l c a n I p r e p a r e w i t h a f a t t y a m i n e a s a
starting m a t e r i a l ?
H o w can I i m p r o v e the q u a l i t y or y i e l d o f any of the
f a t t y a m i n e p r o d u c t s ?
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ABSTRACT

M a n u f a c t u r e of f a t t y a c i d s from p e t r o l e u m a n d
n a t u r a l ga s i s a l a rge i n d u s t r y wor ldwide a n d has
i m p o r t a n t implications in the U.S. Eastern E u r o p e
p r o d u c e s an e s t i m a t e d 1.2 b i l l i o n p o u n d s by air
o x i d a t i o n o f h y d r o c a r b o n s c o m p a r e d to an e s t i m a t e d
956 m i l l i o n p o u n d s o f n a t u r a l f a t t y a c i d s from the
U . S . , in 1978 (exclusive o f tall oil f a t t y a c i d s ) . The
e n o r m o u s p r o d u c t i o n o f S F A ' s in E a s t e r n E u r o p e a n
c o u n t r i e s a n d in Russ i a i s d o n e by c o n t i n u o u s a i r
o x i d a t i o n o f f r e s h a n d r e c y c l e d m i x e d aliphatic
h y d r o c a r b o n s . S i n c e the p r o d u c t s c o n t a i n p r o p o r -
t i o n s o f o d d - n u m b e r e d straight c h a i n a c i d s , they have
not been u s e d e d i b l y , but have b e e n a p p l i e d to the
m a n u f a c t u r e o f i n d u s t r i a l p r o d u c t s s u c h as s o a p ,
l u b r i c a n t s , plasticizers a n d the l i k e . A n o t h e r E u r o -
pean a p p r o a c h ( L i q u i c h i m i c a , Italy) for SFA is the
c a u s t i c f u s i o n ( a n d o x i d a t i o n ) o f b r a n c h e d c h a i n
alcohols p r o d u c e d by carbonylation a n d r e d u c t i o n o f
olefins. A m e r i c a n potential technology is d i v e r s i f i e d
but h a s not yet b e e n translated to p r o d u c t i o n s c a l e ,
p r e s u m a b l y b e c a u s e o f the plentiful s u p p l y o f n a t u r a l
fats a n d oils that i s available.

S y n t h e t i c fat ty a c i d s have i n d e e d c o m e o f age. The
USSR h a s a very l a r g e , thriving s y n t h e t i c a c i d i n d u s t r y .
F r a n c e and G e r m a n y have i m p o r t a n t b u s i n e s s e s . Italy h a s a
l a rge development. The U.S. d o e s p r o d u c e m a n y s y n t h e t i c
a c i d s a n d also d o e s make many derivatives-synthetic
a l c o h o l s a n d n i t r o g e n derivatives, for e x a m p l e , that
formerly r e q u i r e d fat ty a c i d s .

In g e n e r a l , synthetics r e s e m b l e ( n a t u r a l ) a c i d s in h a v i n g
a t l e a s t t w o m a j o r factors in c o m m o n : b o t h c l a s s e s are very
d e p e n d e n t o n b y p r o d u c t s o f o t h e r i n d u s t r i e s a n d b o t h are
very e n e r g y d e p e n d e n t . Agrichemicals are un ique in that

t h e i r f e e d s t o c k s are a n n u a l l y r e n e w a b l e . H o w e v e r , agricul-
ture i t s e l f i s very heavily d e p e n d e n t on p e t r o l e u m a n d gas,
u s i n g in e x c e s s o f 17% o f all the e n e r g y c o n s u m e d in t h e
U.S.

F a r m e r s w h o raise c a t t l e a n d h o g s n e e d a n i m a l f e e d , the
g r o w i n g o f w h i c h d e p e n d s on fertilizers from n a t u r a l gas.
They also n e e d g a s o l i n e t o run p l a n t i n g a n d harvesting
e q u i p m e n t . The e q u i p m e n t u s e d in a g r i c u l t u r e r e q u i r e s
l a rge investments in e n e r g y : t w e n t y p e r c e n t o f t h e cost o f
t h e s t e e l a l o n e is e n e r g y d e p e n d e n t . F o o d p r o c e s s o r s also
d e p e n d o n g a s o l i n e a n d f u e l oil, all petroleum-derived. In
contrast , t h e w h o l e p e t r o c h e m i c a l i n d u s t r y uses only 6 % o f
the p e t r o l e u m a n d gas c o n s u m e d in the U . S . - p r o b a b l y only
a b o u t 5% o f t o t a l U.S. e n e r g y i f coal i s i n c l u d e d - a n d
m a k e s ca. 50 MM tons o f p r i m a r y petrochemicals.

L e t ' s a t this p o i n t r e v i e w the c u r r e n t f a t t y a c i d i n d u s t r y
t o set the s t a g e for e v a l u a t i n g synthetics. The agrichemical
a c i d s p r o d u c e d in 1978 are s h o w n in T a b l e I. U n s a t u r a t e d
a c i d s ( o l e i c p l u s tall oil ac ids ) t o t a l ca. 58% o f t h e p r o d u c -
t i o n ; c o c o n u t f a t t y a c i d s ca. 9%. S i n c e ca. 85% o f n a t u r a l
a c i d s are b y p r o d u c t s o f o t h e r operations, this m e a n s that
they wi l l p r o b a b l y be p r o d u c e d a n d s o l d at any p r i c e , a t
l e a s t u n t i l o t h e r uses are f o u n d for t a l l o w a n d tall oil. M u c h
o f the t i m e , therefore, a c i d s are s o l d as c o m m o d i t i e s .

S y n t h e t i c s w o u l d use c o n s i d e r a b l y l o w e r p e r c e n t a g e s o f
t h e i r r a w materials than n a t u r a l s i f p r o d u c e d in e q u a l
quantities. T o t a l a c i d s b e i n g ca. 6 0 0 , 0 0 0 t o n s r e q u i r i n g ca.
6 0 0 , 0 0 0 tons o f e t h y l e n e , p r o p y l e n e , a n d p a r a f f i n w a x e s o f
w h i c h over 18,182,000 tons w e r e p r o d u c e d in 1 9 7 8 . T h u s ,
only 3.2% o f t h e s e r a w m a t e r i a l s w o u l d be n e e d e d to
r e p l a c e all n a t u r a l a c i d s .

N o w , w h a t i s the c o m m e r c i a l s t a t u s o f s y n t h e t i c f a t t y
a c i d s ?

The commercially a v a i l a b l e petrochemical a c i d s are
s h o w n in T a b l e II. A b o u t 5 0 , 0 0 0 tons are c o m m e r c i a l in
the U.S. n o w a n d over 5 0 0 , 0 0 0 tons in the USSR a n d
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