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Soap and Fat-Based Detergents
E. JUNGERMANN,, President, Jungermann Associates, Inc.,
2500 Lakeview, Suite 2804, Chicago, I L 60614

ABSTRACT
Many materials m a d e from fats a n d oils d e r i v e

t h e i r i m p o r t a n c e from t h e i r a b i l i t y t o m o d i f y the
s u r f a c e b e h a v i o r o f the l iqu id in w h i c h they are dis-
solved. T h e s e c o m p o u n d s are g r o u p e d u n d e r the
b r o a d classification o f s u r f a c e active a g e n t s o r s u r f a c -
t a n t s . D e p e n d i n g on t h e i r use, they are classified a s
detergents, w e t t i n g agents, emulsifiers, d i s p e r s i n g
a g e n t s , etc. The o l d e s t , a n d s t i l l o n e of the most
i m p o r t a n t s u r f a c t a n t s , i s o r d i n a r y s o a p ; twenty~three
p e r c e n t o f all the t a l l o w p r o d u c e d in the U n i t e d
S t a t e s goes into s o a p . This p a p e r c o v e r s the p r e s e n t
s t a t e o f the art o f soap technology, a n d the m o s t
i m p o r t a n t classes o f f a t - b a s e d s u r f a c t a n t s .

TOILET SOAPS
S o a p is the o l d e s t k n o w n s u r f a c e active a g e n t w i t h a l o n g

h i s t o r y o f acceptability. It is especially u s e f u l in t o i l e t b a r s
a n d in applications w h e r e soft w a t e r d e t e r g e n c y is r e q u i r e d .
It has, h o w e v e r , t w o disadvantages: poor performance in
h a r d w a t e r due to precipitation of i n s o l u b l e c a l c i u m a n d
m a g n e s i u m s o a p s , a n d i n s t a b i l i t y on t h e a c i d s i d e . S o a p was
the only i m p o r t a n t s u r f a c e active a g e n t u n t i l the f i r s t half
o f the 20th c e n t u r y . W a r t i m e fat s h o r t a g e s d u r i n g W o r l d
War I a n d W o r l d War I I s t i m u l a t e d the s e a r c h f o r s u b s t i -
t u t e s . This gave rise to the development of s y n t h e t i c
d e t e r g e n t s b a s e d e i t h e r o n fats or petrochemicals. D u r i n g
the last t h i r t y y e a r s , s y n t h e t i c s u r f a c t a n t s have g r a d u a l l y
r e p l a c e d soap in most cleaning applications, e x c e p t b a r
s o a p s , w h e r e f a t t y a c i d s o a p s s t i l l are the m a j o r f a c t o r
t o d a y .

The b a s i c r e a c t i o n o f soap m a k i n g consists o f h e a t i n g
fats w i t h an alkali to y i e l d soap a n d glycerine. While this
s e e m s simple, the technology o f s o a p m a k i n g i s involved
a n d b o r d e r s on a n art due to the e x t r a o r d i n a r y c o m p l e x
physical n a t u r e o f soap a n d i t s a q u e o u s s y s t e m s . A f t e r
saponification, soap p a s s e s t h r o u g h a s e r i e s o f p h a s e
changes, f o l l o w e d by removal o f i m p u r i t i e s , the recovery o f
glycerine, a n d the r e d u c t i o n o f the m o i s t u r e to relatively
l o w levels. The c o m p l e t e s e r i e s o f o p e r a t i o n s in the p r o d u c -
tion o f a " s e t t l e d " soap kettle is: (a.) r e a c t i o n of fat w i t h ;
a l k a l i u n t i l it is l a r g e l y s a p o n i f i e d ; ( b . ) g r a i n i n g the soap
f r o m s o l u t i o n w i t h salt a n d recovery o f the g l y c e r i n e ; (c.)
b o i l i n g w i t h e x c e s s a l k a l i to c o m p l e t e saponification; ( d . )
separation o f the b a t c h into t w o i m m i s c i b l e p h a s e s : neat
soap a n d " n i g e r . " This is the " f i t t i n g " operation.

The successive operations t o p r o d u c e a s t r a i g h t kettle
soap are c a l l e d changes. The traditional soap-boiling p r o c e s s
i s d o n e in huge kettles, o f t e n f o u r stories high w i t h capaci-
ties o f 8 0 , 0 0 0 to 1 0 0 , 0 0 0 lbs. Saponification a n d the
v a r i o u s c h a n g e s take b e t w e e n five a n d s e v e n d a y s . T h e s e
traditional soap-boiling p r o c e d u r e s , t h o u g h they seem o l d
f a s h i o n e d , are still u s e d wide ly all over the w o r l d t o d a y ,
t h o u g h at a d e c l i n i n g r a t e .

The r e a s o n s for this d e c l i n e are t w o f o l d . F i r s t , s i n c e the
e a r l y 1950s, t h e r e o c c u r r e d the r a p i d r e p l a c e m e n t o f soap
by synthetic detergents in m o s t l a u n d r y p r o d u c t s . S e c o n d ,
d u r i n g W o r l d War II m a n y E u r o p e a n soap p l a n t s were
d e s t r o y e d a n d h a d t o be r e p l a c e d . This e n c o u r a g e d the
d e v e l o p m e n t o f new, m o r e efficient c o n t i n u o u s processes
t o r e p l a c e the o l d kettle-boiling p r o c e s s . E u r o p e a n f i r m s ,
particularly in Italy, S w e d e n , a n d G e r m a n y , d e v e l o p e d a
n u m b e r o f new, o f t e n i n g e n i o u s processes that have b e c o m e
t h e m e t h o d o f c h o i c e w h e n e v e r n e w s o a p p l a n t s are bu i l t
t o d a y .

C o n t i n u o u s processes fall into t w o categories. F i r s t ,
t h e r e are p r o c e s s e s b a s e d o n the c o n t i n u o u s saponification
o f fats. Most i m p o r t a n t o f t h e s e are the DeLaval, S h a r p i e s ,
Mechaniche M o d e r n e , a n d the M a z z o n i processes. The
s e c o n d g r o u p is b a s e d o n t h e c o n t i n u o u s splitting of fats
into f a t t y a c i d s , f o l l o w e d by distillation a n d neutralization
o f the f a t t y a c i d s . The most i m p o r t a n t e x a m p l e s in this
c a t e g o r y are the Mills, the M a z z o n i SB, a n d the A r m o u r
processes.

Sharpies Process
S t e p s in the S h a r p l e s c o n t i n u o u s p r o c e s s are b a s e d o n

the traditional kettle soap p r o c e s s , i.e., sapo0ification,
w a s h i n g , fitting. A t each step high s p e e d centrifuges are
u s e d t o achieve r a p i d a n d c o n t i n u o u s saponification o f (a)
soap a n d lye, a n d (b) n e a t soap a n d n i g e r s . The t ime re-
q u i r e d t o convert the f e e d s t o c k t o neat soap i s less than 2
hr. F r e s h fat is m i x e d w i t h wash l y e w i t h a high glycerine
c o n t e n t . This wash lye h a s c o m e up t h r o u g h several s t a g e s
o f the p r o c e s s in the p r e s e n c e o f r e c y c l i n g m a s s e s o f a l r e a d y
s a p o n i f i e d materials. The neat soap from the S h a r p i e s
p r o c e s s is l i g h t a n d c l e a n , s i n c e the fat i s h e a t e d only for
o n e o r t w o min b e f o r e saponification. Saponification i s
r a p i d , a n d the soap is c l a r i f i e d f o u r t i m e s u n d e r a h i g h
c e n t r i f u g a l force. The use o f a u t o m a t i c f l o w c o n t r o l a n d
interlocking proportioning p u m p s accurately c o n t r o l s the
e n t i r e p r o c e s s . S t a n d a r d p l a n t s have capacities up to 1 3 , 0 0 0
l b . / h r .
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DeLaval Process

In this p r o c e s s d e v e l o p e d in S w e d e n , c o n t i n u o u s s a p o n i -
fication is a c h i e v e d in a t e c h n i q u e similar to the S h a r p i e s
process. The D e L a v a l p r o c e s s is a centrifugal p r o c e s s
characterized by a hermetically e n c l o s e d s y s t e m w i t h
a u t o m a t i c c o n t r o l o f the w a s h i n g a n d f i t t i n g operation. The
s p e e d o f fat a n d c a u s t i c a d d i t i o n is c o n t r o l l e d a u t o m a t i c a l l y
by a unique viscosity s e n s i n g device. The viscosity o f s o a p
m a s s d e c r e a s e s r a p i d l y t o a m i n i m u m as the lye concentra-
tion goes down t o ca. 0 . 1 5 % N a O H a n d increases r a p i d l y
a g a i n a s the a l k a l i c o n t e n t increases. The device u t i l i z e s the
fact that at a salt c o n t e n t o f ca. 1%, the soap mass e x h i b i t s
m i n i m u m viscosity. The a m o u n t o f N a O H in a s a p o n i f i e d
soap a n d the a m o u n t of s o d i u m c h l o r i d e in the f i n i s h e d
soap are c o n t r o l l e d by c h o o s i n g the p r o p e r viscosity s e t t i n g
o n the c o n t r o l i n s t r u m e n t .

Mazzoni and Monsavon Processes

T h e s e t w o p r o c e s s e s e m p l o y an interesting f e a t u r e : a
proportioning p u m p w h i c h consists o f 8 p u m p s d r i v e n by
the s a m e m o t o r . Each p u m p is c a p a b l e o f i n d i v i d u a l a d j u s t -
m e n t s to b a l a n c e the s t r e a m of one c o m p o n e n t with the
s e v e n o t h e r s t r e a m s .

Continuous Fatty Acid-Based Soap Manufacturing
The s e c o n d a p p r o a c h to m o d e r n c o n t i n u o u s soap

m a n u f a c t u r i n g is the f a t t y acid r o u t e . The first p r o c e s s o f
this type was i n t r o d u c e d by Procter a n d G a m b l e a n d is
b a s e d o n a n u m b e r o f p a t e n t s i s s u e d t o Mills. It involves, as
the first s t e p , s p l i t t i n g the fat t o p r o d u c e f a t t y a c i d s . The
a c i d s are then distilled. The f a t s , usua l ly t a l l o w and c o c o n u t
oil, are b l e n d e d in the d e s i r e d r a t i o a n d m i x e d w i t h a s m a l l
a m o u n t o f p o w d e r e d zinc o x i d e . The zinc o x i d e is a
catalyst for the splitting operation. The f a t t y a c i d s , c o o l e d
to 8 2 C, are f e d c o n t i n u o u s l y w i t h c a u s t i c s o l u t i o n via a
proportioning p u m p to a high s p e e d m i x e r w h e r e saponifi-
c a t i o n t a k e s p l a c e a l m o s t instantaneously. The s t r e n g t h o f
the c a u s t i c is so a d j u s t e d that the composition of the
p r o d u c t c o n f o r m s to the r a n g e o f o r d i n a r y neat s o a p ;
s u f f i c i e n t salt i s a d d e d t o y i e l d a soap w i t h the c u s t o m a r y
electrolyte level. T o u c h - u p h y d r o g e n a t i o n is s o m e t i m e s
u s e d in o r d e r to improve the q u a l i t y a n d stability o f the fat
s t o c k used . P o t a s s i u m s o a p s o f high p u r i t y c a n be p r e p a r e d
a s r e a d i l y as s o d i u m s o a p s . High grade toilet s o a p s e q u a l in
q u a l i t y t o t h o s e m a d e by the best k e t t l e soap p r o c e s s are
m a d e by the Mills p r o c e s s .

M a z z o n i i n t r o d u c e d a f a t t y a c i d neutralization p r o c e s s
u s i n g e i t h e r s o d i u m h y d r o x i d e (SC p r o c e s s ) or s o d i u m
c a r b o n a t e (SCT process). Distilled f a t t y a c i d s a n d c a u s t i c
soda f l o w to a p r e h e a t e r a n d are h e a t e d to ca. 6 0 C. They
are then fed t o a proportioning u n i t . The proportioning
unit consists o f t w o d u p l e x p u m p s driven by the s a m e
m o t o r , but with v a r i a b l e s p e e d a d j u s t m e n t s t o a c c o m o d a t e
o u t p u t r e q u i r e m e n t s . The s t r o k e l e n g t h can be a d j u s t e d to
deliver a stoichiometric b a l a n c e b e t w e e n the reactants. The
circulating soap mass p a s s e s t h r o u g h a c h a m b e r e q u i p p e d
with a p t l e l e c t r o d e . The s i g n a l from the e l e c t r o d e i s
t r a n s m i t t e d to the c o n t r o l u n i t w h i c h maintains a c o n s t a n t
p t t by c a u s i n g the s t r o k e l e n g t h o f one o f the c a u s t i c
p u m p s to be a d j u s t e d a c c o r d i n g to the p H signal received.

The A r m o u r p r o c e s s represents a n o t h e r variation o f a
c o n t i n u o u s fat splitting, distillation, a n d neutralization
p r o c e d u r e . It d i f f e r s in several i m p o r t a n t p o i n t s from the
Mills process. The t a l l o w a n d c o c o n u t oil are not p r e m i x e d ,
but are separately s p l i t a n d distilled. The p l a n t u t i l i z e s t w o
Colgate-Emery fat splitters; splitting i s d o n e w i t h o u t a
catalyst. The splitters have an h o u r l y rate o f ca. 1 0 , 0 0 0 lb.
The f a t t y a c i d s are d i s t i l l e d u s i n g a semifractionating type
u n i t , s i m i l a r to a traditional fractionating still, bu t w i t h
f e w e r theoretical plates. A n o d o r c u t i s r e m o v e d to i m p r o v e
the q u a l i t y o f the s o a p . The d i s t i l l e d f a t t y a c i d s are m i x e d

t o give the appropriate t a l l o w / c o c o r a t i o a n d then are
n e u t r a l i z e d u s i n g a DeLaval u n i t . These are similar t o the
u n i t s d e s c r i b e d for the saponification o f n e u t r a l fats a n d are
b a s e d o n viscosity differentials. While very efficient for the
specific neutralization r e a c t i o n o c c u r r i n g w h e n fatty a c i d s
r e a c t w i t h s o d i u m h y d r o x i d e in the p r e s e n c e o f s m a l l
a m o u n t s o f s a l t , the g r e a t sensitivity o f the DeLaval unit
decreases formulation flexibility a n d l i m i t s the t y p e s o f
soap that c a n be m a n u f a c t u r e d in such a p l a n t . In the final
p r o c e s s i n g s t e p , the n e a t soap containing 30-35% m o i s t u r e
is h e a l e d t o 135 C a n d s p r a y d r i e d in a Mazzoni v a c u u m
d r y e r . The finishing operation i n c l u d e s all the s t e p s re-
q u i r e d to convert soap pellets o b t a i n e d from the d r y i n g
o p e r a t i o n into f i n i s h e d w r a p p e d and c a r t o n e d soap b a r s .
The f o l l o w i n g e q u i p m e n t is n e e d e d for t h e s e steps: a m a l -
g a m a t o r s , a u t o m a t i c d o s i n g d e v i c e s for a d d i n g s o l i d a n d
l iqu id a d d i t i v e s , p r e p l o d d e r s , v a c u u m p l o d d e r s , cutters,
c o n d i t i o n i n g t u n n e l s , p r e s s e s , w r a p p i n g a n d cartoning
machines. Different categories o f s o a p s , s u c h as floating,
transparent, m a r b e l i z e d , translucent, a n d h a r d w a t e r s o a p s
have different processing a n d e q u i p m e n t requirements.
A d d i t i o n o f materials to m a k e e i t h e r s u p e r f a t t e d or h a r d -
w a t e r s o a p s also m a y r e q u i r e e q u i p m e n t modifications.
S u p e r f a t t e d a n d h a r d w a t e r soap b a r s r e q u i r e special s u r f a c -
tant a d d i t i v e s w h i c h are o f t e n fat-based, a n d this provides a
g o o d transition p o i n t f o r a r e v i e w o f f a t - b a s e d surfactants.

FAT-BASED SUR FACTANTS

S u r f a c t a n t s from fats a n d oils are o b t a i n e d by m a k i n g
use o f the multifunctionality of the f a t t y acid molecule,
w h i c h c a n be m o d i f i e d at three sites: (a) at the terminal
c a r b o x y l g r o u p ; (b) a t the a l p h a c a r b o n a t o m ; (c) at the site
o f u n s a t u r a t i o n . The l o n g c a r b o n c h a i n p o r t i o n of the fat ty
acid m o l e c u l e has an affinity for f a t t y oils, hydrocarbons,
a n d s i m i l a r w a t e r i n s o l u b l e , n o n p o l a r c o m p o u n d s ; w h e r e a s
the o p p o s i t e e n d o f the m o l e c u l e h a s an attraction for
w a t e r . T h u s t h e r e e x i s t s in the same m o l e c u l e a dua l
affinity for s u b s t a n c e s o f a n entirely d i f f e r e n t n a t u r e .
F u r t h e r m o r e , the t w o e n d s o f the m o l e c u l e are sufficiently
s e p a r a t e d for the t w o affinities, h y d r o p h o b i c a n d h y d r o -
philic, to come into s i m u l t a n e o u s a n d i n d e p e n d e n t a c t i o n .
The dua l n a t u r e o f the m o l e c u l e is an essential c o n d i t i o n
for s u r f a c e activity. T h e r e m u s t be a p r o p e r b a l a n c e be-
t w e e n h y d r o p h o b i c a n d h y d r o p h i l i c properties; if the c h a i n
is t o o l o n g , t h e r e will be a n i m b a l a n c e in the direction of
too g r e a t a n affinity for oily materials. This will be s h o w n
by l i m i t e d s o l u b i l i t y in w a t e r . If the c h a i n is too s h o r t , the
c o m p o u n d will not be very s u r f a c e active b e c a u s e o f
insufficient h y d r o p h o b i c q u a l i t i e s a n d lack of colloidal
characteristics.

S u r f a c t a n t s are logically a n d conveniently classified into
f o u r categories: a n i o n i c , cationic, n o n i o n i c , a n d a m p h o -
teric. A n i o n i c s u r f a c t a n t s have the fat ty h y d r o p h o b i c c h a i n
a t t a c h e d to a h y d r o p h i l i c negatively c h a r g e d g r o u p , i.e.,
c a r b o x y l a t e as in the case o f s o a p , o r s u l f a t e or sulfonate.
Cationic s u r f a c t a n t s have the fat ty h y d r o p h o b i c c h a i n
a t t a c h e d to a h y d r o p h i l i c positively c h a r g e d g r o u p , s u c h as
a m m o n i u m o r p h o s p h o n i u m . In n o n i o n i c surfactants, the
h y d r o p h o b i c c h a i n is a t t a c h e d to an u n c h a r g e d hydrophilic
g r o u p , i . e . , polyoxyethylene or polyoxypropylene chains.
A m p h o t e r i c detergents have the h y d r o p h o b i c f a t t y c h a i n
a t t a c h e d to a h y d r o p h i l i c g r o u p containing b o t h a positive
a n d a negative charge.

A d r a m a t i c i n d u s t r i a l d e v e l o p m e n t f o l l o w i n g W o r l d War
II was the t r e m e n d o u s i n c r e a s e in the p r o d u c t i o n of syn-
t h e t i c d e t e r g e n t s for h o u s e h o l d use. In 1 9 4 0 , 3 0 million
p o u n d s o f d e t e r g e n t s w e r e p r o d u c e d in the U.S. By 1945
that q u a n t i t y h a d i n c r e a s e d to 150 million p o u n d s a n d by
1950 with the a d v e n t o f heavy d u t y p o w d e r s b a s e d o n
synthetic detergents, the v o l u m e r e a c h e d one b i l l i o n
p o u n d s . This rose t o t w o b i l l i o n in 1955 a n d to t h r e e
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b i l l i o n in 1960. At p r e s e n t , this has l e v e l e d o f f a t a f o u r
b i l l i o n p o u n d level. In 1975, o u t o f 4.3 b i l l i o n p o u n d s o f
s u r f a c e active a g e n t s p r o d u c e d in the U . S . , 70%, o r a b o u t 3
b i l l i o n p o u n d s , were a n i o n i c s u r f a c t a n t s ; o n e billion
p o u n d s ( 2 4 % ) , were n o n i o n i c s u r f a c t a n t s ; 220 million
p o u n d s (5.2%), w e r e c a t i o n i c s ; a m p h o t e r i c s r e p r e s e n t e d the
l o w e s t level, 0.3% o r a b o u t 15 million p o u n d s .

Anionic Surfactants
The largest g r o u p is the a n i o n i c surfactants. The most

i m p o r t a n t derivatives in the g r o u p are s u l f a t e s or sulfonates.
S u l f a t e s are c o m p o u n d s w h e r e the s u l p h u r i s a t t a c h e d t o the

I
c a r b o n c h a i n t h r o u g h an o x y g e n a t o m , - C - O - S O ~ . In

I
sulfonates, the s u l p h u r is d i r e c t l y a t t a c h e d t o the c a r b o n

I
c h a i n , - C - S O ~ .

The first, a n d n o w only historically i m p o r t a n t examples,
are the s u l f a t e d oils. In 1874, c a s t o r oil was s u l f a t e d a n d
the r e s u l t a n t p r o d u c t was u s e d in the d y i n g o f alizarin r e d ,
c a l l e d r o u g e d ' A d r i a n o p l e , a n d l e d to the n a m e T u r k e y
R e d Oil.

The most i m p o r t a n t g r o u p in this c a t e g o r y is the a l k y l
sulfates. T h e s e are p r e p a r e d by r e d u c i n g f a t t y a c i d s o r f a t t y
e s t e r s to f a t t y alcohol, f o l l o w e d by s u l f a t i o n a n d neutrali-
zation. T w o m e t h o d s are u s e d for the m a n u f a c t u r e o f f a t t y
alcohols. High p r e s s u r e h y d r o g e n a t i o n o r r e d u c t i o n o f the
e s t e r s with metallic s o d i u m . This s u b j e c t is c o v e r e d in
g r e a t e r d e t a i l by J. M o n i c k a s part o f the S h o r t C o u r s e .

Several m e t h o d s are u s e d i n d u s t r i a l l y f o r the conversion
o f f a t t y a l c o h o l s to sulfates. Sulfur t r i o x i d e is the most
b a s i c o f the s u l f a t i n g agents. The use o f su l fur t r i o x i d e
(SO 3) has the advantage o f b e i n g inexpensive a n d not
r e q u i r i n g e x c e s s a m o u n t s o f s u l f a t i n g a g e n t . S t d f a t i o n w i t h
SO 3 r e s u l t s in t h e f o r m a t i o n o f only a m i n i m u m a m o u n t o f
inorganic salts. O n the o t h e r h a n d , b e i n g very reactive,
more c o l o r formation t e n d s to o c c u r w i t h SO 3 than with
o t h e r s u l f a t i n g agents. A n u m b e r of b a t c h a n d c o n t i n u o u s
i n d u s t r i a l p r o c e s s e s have been d e v e l o p e d b a s e d on the use
o f su l fur trioxide. A m o n g s t t h e s e , the C h e m i t h o n p r o c e s s i s
p r o b a b l y the m o s t important .

Su l fu r i c a c i d , i . e . , 100% H 2SO 4 or o l e u m ( s u l f u r i c a c i d
s u p e r s a t u r a t e d w i t h S O 3 ) , i s also u s e d for the c o m m e r c i a l
preparation o f a l k y l sulfates. Both are more convenient
than su l fur t r i o x i d e , a n d b e i n g l iqu ids at room t e m p e r a t u r e ,
c a n be m o r e r e a d i l y m e t e r e d into the r e a c t i o n s y s t e m .
S u l f a t i o n w i t h s u l f u r i c a c i d or o l e u m is a n equ i l i b r ium
r e a c t i o n a n d e x c e s s a c i d m u s t be used . This r e q u i r e s the
r e m o v a l o f s p e n t a c i d a n d also l e a d s to salt f o r m a t i o n in the
f i n i s h e d p r o d u c t . Chlorsulfonic a c i d c o n t i n u e s to be an
i m p o r t a n t a g e n t for the c o m m e r c i a l s u l f a t i o n of fat ty
alcohols. Ease of h a n d l i n g a n d the f o r m a t i o n o f l i g h t
c o l o r e d p r o d u c t s are some o f the advantages o f chlorsul-
f o n i c a c i d . The reaction is stoichiometric a n d is irreversibly
d r i v e n t o c o m p l e t i o n by the loss o f h y d r o g e n c h l o r i d e . This
also represents one o f its disadvantages, l e a d i n g to corrosion
p r o b l e m s a n d the f o r m a t i o n o f c h l o r i d e s a l t s in the f i n i s h e d
p r o d u c t . S u l f a m i c a c i d , N H 2 S O 3 t t , has f o u n d s o m e use in
c o m m e r c i a l sulfation, w h e n preservation o f u n s a t u r a t i o n o r
o t h e r reactive s i t e s are important . S u l f a m i c acid provides
s i m u l t a n e o u s sulfation a n d neutralization to the a m m o n i u m
s a l t .

Sod ium a l k y l s u l f a t e s are s t a b l e in alkaline, n e u t r a l a n d
w e a k l y acid s o l u t i o n s , but are h y d r o l y z e d by s t r o n g a c i d s
by an autocatalytic m e c h a n i s m , s i n c e s u l p h u r i c a c i d is
f o r m e d l e a d i n g to f u r t h e r hydrolysis. Several s a l t s o t h e r
than s o d i u m salt are commercially i m p o r t a n t . The most
i m p o r t a n t are a m m o n i u m , p o t a s s i u m a n d triethanolamine
salts. D e t e r g e n t g rade alkyl s u l f a t e s have f o u n d a m u l t i t u d e
o f applications. The have b e e n u s e d in synthetic d e t e r g e n t
soap bars a n d the so-called " c o m b o " b a r s w h e r e soap is
c o m b i n e d with a synthetic detergent. B e c a u s e o f t h e i r

excellent d e t e r g e n c y , w e t t i n g a n d f o a m i n g properties, l o n g
c h a i n a l k y l s u l f a t e s are u s e d wide ly in l iqu id p r o d u c t s s u c h
a s s h a m p o o s , l i g h t d u t y d i s h w a s h i n g detergents, bubble
b a t h , h e a v y d u t y l iqu ids , rug s h a m p o o s etc.

A n o t h e r g r o u p is the a l k y l e t h e r s u l f a t e s . Ethoxylation
o f l o n g c h a i n a l c o h o l f o l l o w e d by s u l f a t i o n l e a d s to the
f o r m a t i o n o f t h e s e materials. They have properties s i m i l a r
t o the c o r r e s p o n d i n g a l c o h o l s u l f a t e s . The a l c o h o l e t h e r
s u l f a t e s m a y have s o m e n o n i o n i c characteristics d e p e n d i n g
o n the l e n g t h o f the intervening o x y e t h y l e n e g r o u p .

Historically, t h e s u l f a t e d m o n o g l y c e r i d e s represent an
interesting g r o u p o f a n i o n i c surfactants. They w e r e i n t r o -
d u c e d in the U.S. by Colgate in the 1 9 4 0 s . They are b a s e d
o n relatively inexpensive r a w materials, i . e . , one m o l e o f
fat , 2 m o l e s o f glycerine, a n d 3 m o l e s o f s u l p h u r i c a c i d . The
r e s u l t a n t s u l f a t e d f a t t y m o n o g l y c e r i d e s w e r e at o n e t ime
u s e d in l a u n d r y d e t e r g e n t s , toothpaste a n d s h a m p o o s .

S u p e r f i c i a l l y r e l a t e d to the s u l f a t e d m o n o g l y c e r i d e s are
the alkylglycerylether s u l f o n a t e s . This i s a c l a s s o f s u r f a c e
active a g e n t s w h i c h h a s r e c e i v e d relatively l i t t l e a t t e n t i o n in
the literature. U n t i l a r e c e n t r e v i e w by White, r e f e r e n c e s
have been l i m i t e d a l m o s t exclusively t o patents. This is
particularly s u r p r i s i n g s i n c e alkylglycerylether s u l f o n a t e s
have g a i n e d c o m m e r c i a l usage in v a r i o u s Procter & G a m b l e
formulations. Alkylglycerylether s u l f o n a t e s are p r e p a r e d by
r e a c t i n g a f a t t y a l c o h o l w i t h e t h y l c h l o r h y d r i n f o l l o w e d by
reaction w i t h s o d i u m sul f ide in a t y p i c a l S t r e c k e r r e a c t i o n .

A n o t h e r g r o u p o f s u l f a t e d d e t e r g e n t s are e s t e r a n d a m i d e
sulfonates. T h e s e w e r e d i s c u s s e d in d e t a i l by A. Cahn as
part o f the S h o r t C o u r s e , a n d I do not plan t o add a n y t h i n g
e x c e p t to i n d i c a t e that in a d d i t i o n to t h e i r u se in d e t e r g e n t
a n d " c o m b o " b a r s , they have r e c e n t l y b e e n u s e d in a n e w l y
i n t r o d u c e d a n t i d a n d r u f f s h a m p o o f o r m u l a t i o n .

S u l f o n a t e d e s t e r s a n d s u l f o n a t e d a m i d e s o f c a r b o x y l i c
a c i d s are a n o t h e r g r o u p o f interesting a n i o n i c surfactants.
Best k n o w n are the sulfosuccinates a n d the sulfosuccina-
m a t e s . A e r o s o l O T ( A m e r i c a n C y a n a m i d ) is an e x a m p l e o f a
wide ly u s e d specialty s u r f a c t a n t w i t h a s u l f o s u c c i n a t e
s t r u c t u r e . T h e s e e s t e r s are p r e p a r e d by the r e a c t i o n o f 2
m o l e s o f a f a t t y a l c o h o l w i t h one mole o f m a l e i c a n h y d r i d e
o r m a l e i c a c i d in the p r e s e n c e o f an a c i d catalyst, f o l l o w e d
by s u l f o n a t i o n with s o d i u m b i s u l f i t e or s o d i u m s u l f i t e .

A l p h a s u l f o f a t t y a c i d s have received a lot of p u b l i c i t y in
r e c e n t y e a r s , but t o d a t e have f o u n d only l i m i t e d c o m m e r -
cial application in the U . S . ; t h e r e has b e e n s o m e activity
in J a p a n a n d G e r m a n y . A l p h a s u l f o f a t t y a c i d s w e r e f i r s t
p r e p a r e d by G u n t h e r in G e r m a n y . In this c o u n t r y , they
w e r e s t u d i e d extensively by S t i r t o n a n d Weil at t h e U S D A ' s
E a s t e r n R e g i o n a l Laboratories. A l p h a s u l f o f a t t y a c i d s are
p r e p a r e d by r e a c t i n g s t a b i l i z e d l iqu id su l fur t r i o x i d e w i t h a
f a t t y a c i d d i s s o l v e d in a c h l o r i n a t e d solvent at 15 C. The
r e a c t i o n m i x t u r e is then h e a t e d to 6 0 C, c o o l e d a n d
filtered. Neutralization o c c u r s f i r s t a n d completely with the
s t r o n g s u l f o n i c a c i d g r o u p . The c a r b o x y l i c a c i d g r o u p is
r e a d i l y e s t e r i f i e d by h e a t i n g the a l k y l s u l f o f a t t y a c i d w i t h
a l c o h o l ; the s t r o n g s u l f o n i c a c i d g r o u p a c t s as a " b u i l t - i n "
catalyst. T h e s e p r o d u c t s have potential interest a s l i m e soap
d i s p e r s a n t s in b a r s o a p s a n d l a u n d r y p r o d u c t s .

Sulfur-Free Anionic Surfactant=

The bes t e x a m p l e s o f nonsulfur-containing a n i o n i c
s u r f a c t a n t s are t h e a c y l a t e d a m i n o a c i d s . F a t t y derivatives
o f a m i n o a c i d s a n d proteins w e r e i n t r o d u c e d in the m i d -
thirties u n d e r the t r a d e n a m e s L a m e p o n s , Maypons, a n d
Medialons. The f i r s t t w o w e r e p r e p a r e d by c o n d e n s i n g f a t t y
a c i d s w i t h h y d r o l i z e d proteins d e r i v e d from l e a t h e r s c r a p s
a n d o t h e r e a s i l y h y d r o l i z e d p r o t e i n a c e o u s materials. The
M e d i a l o n s are c o n d e n s a t i o n p r o d u c t s o f f a t t y a c i d s a n d
s a r c o s i n e (N-methylglycine). S a r c o s i n e is m a n u f a c t u r e d
e i t h e r by the r e a c t i o n o f m e t h y l a m i n e , f o r m a l d e h y d e a n d
h y d r o g e n c y a n i d e , o r by the r e a c t i o n o f m e t h y l a m i n e w i t h
chloracetic a c i d . The M e d i a l o n s are then p r e p a r e d by a
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typical Schotten-Bauman r e a c t i o n p r o c e d u r e ut i l iz ing the
f a t t y acid chloride and sarcosine. They have been used in
s h a m p o o s , rug cleaners, and as anti-caries agents in t o o t h -
p a s t e u n d e r the t r a d e name G a r d o l .

Cationic Surfactants
Cat ion ic surfactants have at least one h y d r o p h o b i cg r o u p

a t t a c h e d directly to a posi t ive ly c h a r g e d nitrogen a t o m .
E a r l y in th i s c e n t u r y , E i n h o r n and Mannich r e p o r t e d the
preparation and antimicrobial act ivi ty of c e r t a i n q u a t e r n a r y
a m m o n i u m sa l t s , but i t was only in the mid-thir t ies when
the commercial potential o f t h e s e materials was recognized.
From th i s resulted a proliferat ion of h u n d r e d s of p r o d u c t s
and appl icat ions , and cat ionic surfactants now play an
i m p o r t a n t ro le as sani t izers , an t i sept ic agents , germicides,
c o m p o n e n t s of cosmet ic formulat ions , t ex t i l e chemicals ,
f lo ta t ion agents , corrosion inhib i to rs , etc. The U.S. Inter-
national T r a d e Commis ion R e p o r t s h o w s that product ion
of cat ionic surfactants r e a c h e d over a b i l l ion p o u n d s in
1 9 7 5 , representing a 40% increase in v o l u m e over 1 9 6 6 .

The general chemistry and properties of t h e s e materials
are discussed in detai l by R.A. Reck and C.W. Glankler as
part of th i s S h o r t Course, and wi l l not be c o v e r e d f u r t h e r in
th i s sect ion.

Nonionic Surfactants

Most i m p o r t a n t a m o n g the nonion ic surfactants are the
polyoxyethylene and polyoxypropylene derivatives of f a t t y
alcohols , amides , and acids . O t h e r e x a m p l e s of nonion ic
surfactant not derived by the addi t ion of ethylene or
p r o p y l e n e o x i d e to a f a t t y m o i e t y are the glycol , glycerol ,
and s u g a r esters , f a t t y alkanolamides, and anhydrohexitol
derivat ives. The key to the g r o w t h of the nonion ic s u r f a c -
tant m a r k e t to i t s p r e s e n t level in excess of one b i l l ion
p o u n d s in the U.S. was the development of commercial
processes for the m a n u f a c t u r e of e t h y l e n e o x i d e in 1 9 3 0 .

U n l i k e the anionic and cat ionic surfactants , the non-
ionics are not colloidal electrolytes and are incapable of
ionizat ion in a q u e o u s so lu t ion . Like the o t h e r t y p e s , they
are part ial ly h y d r o p h o b i c and hydrophil ic . The s o u r c e of
the hydrophi l ic i ty are functional g r o u p s rich in e t h e r
o x y g e n or h y d r o y l o x y g e n . T h e s e influence the d e g r e e of
w a t e r so lub i l i ty o f the nonion ic surfactant , s i n c e overall
so lub i l i ty d e p e n d s on the e x t e n t of h y d r a t i o n of th i s
hydrophi l ic c h a i n . W a t e r molecules are affixed to the e t h e r
o x y g e n by h y d r o g e n bonding . The principal fat-derived
h y d r o p h o b i c sources are the long c h a i n acids , a lcohols , and
amides .

Several p a p e r s presented as part of th i s S h o r t Course
have c o v e r e d various aspects of the technology of nonion ic
surfactants , specifically the p a p e r on ethoxylat ion by G.J.
Stockburger, the p a p e r on detergent additives by A. Cahn
( m o n o - and diethanolamides), and the p a p e r on polygly-
c e r o l esters by R . Mclntyre. The s imples t p o l y o l surfactants
are the monoesters of e t h y l e n e and p r o p y l e n e glycol .
Polyeth~,lene glycols wi th molecular weights up to 5 - 6 0 0 0
have also been used in such esterif ication reactions.

The e s t e r s of c e r t a i n s u g a r alcohols , such as sorbi to l and
mani to l , r e p r e s e n t a g r o u p of widely used nonion ic surfac-
t a n t s . When a f a t t y acid is r e a c t e d wi th sorbi to l or mani to l ,
both internal etherif ication and esterif ication o c c u r yie lding
an anhydro-hexitol e s t e r surfactant . The f o r m a t i o n of
internal e t h e r linkages i s characterist ic of s u g a r alcohols .
Anhydro-sorbi tol esters o f laurie, palmit ic , stearic, and ole ic
acid are k n o w n as " S p a n s . " Ethoxyla t ion of t h e s e relat ively
l ipoph i l i c anhydroesters at avai lable h y d r o x y l g r o u p s l e a d s
to the f o r m a t i o n of a n o t h e r g r o u p of commercial ly i m p o r -

tant surfactants , the " T w e e n s . " T h e s e polyol surfactants
are widely used as emulsi f iers , w e t t i n g agents , lubr icants ,
and detergents . They are mi ld and many have very low
levels of toxic i ty and have been a p p r o v e d by the F . D . A . for
use in pharmaceuticals, f o o d s and cosmetics . O t h e r a r e a s of
applicat ions include agricultural chemical formulat ions ,
m e t a l protect ion, t ex t i l e appl icat ions , polymerizat ions ,
emuls ions , ant i foaming agents , etc. Recent ly , t h e r e have
been r e p o r t s that t r a c e a m o u n t s (ppb r a n g e ) of the p o t e n -
t ia l ly t o x i c d i o x i n have been d e t e c t e d in some ethoxylated
products . Procedures to e l imina te th i s material are b e i n g
developed.

Amphoteric Surfactants

A m p h o t e r i c surfactants c o n t a i n both an anionic and a
cat ionic g r o u p in the same molecule. C o m p o u n d s of th i s
type have been k n o w n for many y e a r s and many examples
have been r e p o r t e d in the literature, but only a few have
b e c o m e commercial ly impor tant . In 1 9 7 5 , 14 mi l l ion
p o u n d s of a m p h o t e r i c surfactants were p r o d u c e d in the
U.S. The relat ively high cost of t h e s e materials has re-
str icted t h e i r u se to special ty appl icat ions .

One of the e a r l y examples in th i s category are the
N-alkyl-beta alanines, p r e p a r e d by the r e a c t i o n of a f a t t y
a m i n e with an acryl ic e s t e r , fol lowed by hydrolys is . Be-
taines are o b t a i n e d by the reaction of f a t t y tert iary a m i n e s
wi th s o d i u m chloracetate. A m p h o t e r i c surfactants made
from f a t t y imidazol ine derivatives have f o u n d i m p o r t a n t
uses in so-called mi ld baby shampoos .

F a t t y a m i n e oxides have the general structure
RRRN-+O. The a m i n e s are highly p o l a r substances wi th
s t r o n g tendencies to h y d r o g e n bonding . As a resul t , they
tend to be hydroscopic and diff icul t to dry . A m i n e oxides
do not show any particular oxidat ive act ivi ty and are q u i t e
s tab le when c o m b i n e d with o t h e r organic materials in
detergent formulat ions . Commercial examples of f a t t y
a m i n e oxides include d o d e c y l dimethylamine o x i d e , N-
d o d e c y l morphol ine o x i d e , cocoamidopropylamine o x i d e ,
and l-hydroxyethyl-2-octodecyl imidazol ine oxide. T h e s e
p r o d u c t s have f o u n d uses in shampoos , l igh t duty l iqu id
detergents , and s o f t e n e r formulat ions .

The complexi ty of the reactions, the wide variat ions in
the f a t t y acid c h a i n , the large n u m b e r of mixtures possible ,
the e f f e c t of processing condi t ions on end p r o d u c t c o m p o -
s i t ion and properties is responsible for the large n u m b e r of
p r o d u c t s on the m a r k e t and the m y r i a d of t r a d e n a m e s that
we encounter. This is well i l lus t ra ted by a look at
McCutcheon or the C T F A Dict ionary, the b ib l e of cosmet ic
ingredient label ing. They list l i teral ly thousands of t r a d e -
m a r k s and h u n d r e d s of manufacturers, all offering similar
chemicals that m a y differ in smal l , but s ignif icant ways in
t h e i r composi t ion , and more i m p o r t a n t to the customer, in
the properties that they i m p a r t in a particular appl icat ion.
" C a v e a t e m p t o r " i s no e m p t y warning to the users of t h e s e
materials !
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