
t h e Phoenix, A Z a r e a , a n d give some 1969 p r o j e c t e d c o s t s ,
s o m e w h a t o b s o l e t e u n l e s s c o r r e c t e d f o r inflation.

W h i l e the v o l u m e s o f e t h o x y l a t e d a l c o h o l s u s e d t o d a y
are still relatively s m a l l , i n c r e a s e d usage is s u r e to d e v e l o p ,
d e s p i t e t h e fact that very s m a l l q u a n t i t i e s o f r e t a r d a n t a r e
e m p l o y e d p e r p o u n d o f w a t e r s a v e d . T h o s e a r e a s o f t h e
w o r l d w i t h a l r e a d y critical w a t e r s u p p l i e s - Israel, E g y p t ,
N o r t h A f r i c a , I n d i a , a n d t o a l e s s e r e x t e n t A r i z o n a , N e w
M e x i c o a n d s o u t h e r n California in t h e U.S. - are c e r t a i n t o
b e n e f i t f r o m this use o f specially t a i l o r e d film-forming f a t t y
acid derivatives. Our c h i l d r e n are s u r e to be t h e c h i e f
beneficiaries.

T h e r e are o t h e r applications, largely u n e x p l o r e d , for this
k i n d o f u s e f u l n e s s w h i c h m a y be very v a l u a b l e in a g r i c u l -
t u r e . C o n s i d e r the c o n t r o l o f w a t e r loss t h r o u g h transpira-
tion from p l a n t s a n d f r u i t s by a thin m o n o m o l e c u l a r film
c o a t i n g ; a l s o , even potentially g r e a t e r , c o n s i d e r t h e possi-
b i l i t y o f t h e c o n t r o l o f evaporation from t h e soil s u r f a c e by
thin m o n o m o l e c u l a r f i l m s f o r t h o s e rain d e f i c i e n t c o u n t r i e s
that s u f f e r f r o m late s p r i n g o r s u m m e r d r o u g h t s . Both o f
t h e s e have potentially the g r e a t e s t significance.
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Fatty Alcohols
J.A. MONICK, Colgate-Palmolive Co.,
909 River Road, Piscataway, NJ 08854.

ABSTRACT
" F a t t y " or h i g h e r alcohols are m o s t l y C 11 to C20

m o n o h y d r i c c o m p o u n d s . In p r o b a b l y n o o t h e r h o m o -
l o g o u s aliphatic s e r i e s is the c u r r e n t b a l a n c e b e t w e e n
n a t u r a l a n d s y n t h e t i c p r o d u c t s so vividly evident.
N a t u r a l s o u r c e s , s u c h as p l a n t o r a n i m a l esters
( w a x e s ) , can be m a d e to y i e l d s t r a i g h t c h a i n ( n o r m a l )
a l c o h o l s w i t h a terminal ( p r i m a r y ) h y d r o x y l , a l o n g
w i t h v a r y i n g d e g r e e s o f u n s a t u r a t i o n . In the p a s t , so-
c a l l e d fat ty alcohols w e r e p r e p a r e d commercially by
t h r e e g e n e r a l p r o c e s s e s from f a t t y a c i d s or m e t h y l
esters, occasionally triglycerides. F a t t y a c i d s add
h y d r o g e n in the c a r b o x y l g r o u p t o form fatty
a l c o h o l s w h e n t r e a t e d w i t h h y d r o g e n u n d e r high pres-
s u r e a n d s u i t a b l e m e t a l catalysts. By a s i m i l a r r e a c -
t i o n , f a t t y a l c o h o l s are p r e p a r e d by the h y d r o g e n a -
tion o f glycen'des o r m e t h y l e s t e r s . F a t t y a l c o h o l s
are also p r e p a r e d by the s o d i u m r e d u c t i o n o f e s t e r s
o f f a t t y a c i d s in a l o w e r m o l e c u l a r w e i g h t alcohol.
The s o d i u m r e d u c t i o n m e t h o d was o r d i n a r i l y too
expensive; it was d i s p l a c e d e a r l y by the o t h e r
m e t h o d s ; finally m o s t u n s a t u r a t e d a l c o h o l s m a d e by
this r o u t e were largely r e p l a c e d . M e t h y l e s t e r r e d u c -
tion c o n t i n u e s to p r o v i d e p e r h a p s 20% o f the s a t u -
r a t e d f a t t y alcohols, a n d selective h y d r o g e n a t i o n with
the use o f special catalysts such as c o p p e r or cad -
m i u m o x i d e s was d e v e l o p e d for the p r o d u c t i o n o f
o l e y l alcohol. S y n t h e t i c or p e t r o l e u m t e c h n o l o g y for
l o n g chain alcohols inc lude the Z i e g l e r p r o c e s s , u s e f u l
for straight c h a i n , e v e n - n u m b e r e d s a t u r a t e d p r o d u c t s .
A s e c o n d is the c a r b o n y l a t i o n a n d r e d u c t i o n o f
o l e f i n s a f f o r d i n g m e d i u m o r h i g h l y b r a n c h e d c h a i n
alcohols. Paraffin o x i d a t i o n a f f o r d s m i x e d p r i m a r y
alcohols. F a t t y a l c o h o l s u n d e r g o the usua l reactions o f
alcohols. They may be r e a c t e d w i t h e t h y l e n e o x i d e
to y i e l d a series o f p o l y m e r i c polyoxyethylene
a l c o h o l s o r with acetylene u n d e r p r e s s u r e to y i e l d
v i n y l e t h e r s or w i t h v i n y l acetate t o give v i n y l e t h e r s .

INTRODUCTION A N D HISTORY

Background
The t e r m " f a t t y a l c o h o l s " h a s b e c o m e s y n o n y m o u s with

" h i g h e r a l c o h o l s , " w h i c h is that c l a s s o f m o n o h y d r i c
aliphatic a l c o h o l s c o n t a i n i n g six o r more c a r b o n a t o m s , a n d
d e r i v e d from e i t h e r n a t u r a l or synthetic sources. The
c o m m o n usage o f " f a t t y a l c o h o l s " i s for t h o s e h i g h e r
alcohols d e r i v e d from n a t u r a l fats o r p e t r o l e u m f e e d s t o c k s ,
i n d e p e n d e n t o f the m e t h o d o f s y n t h e s i s o r procurement.
The t w o m a j o r n a t u r a l g r o u p i n g s o f a l c o h o l s are the " c o c o -
n u t a l c o h o l s " a n d " t a l l o w a l c o h o l s " w h i c h , o f c o u r s e ,
reflect t h e i r o r i g i n . M c o h o l s from petrochemical origin are
usua l ly c a l l e d ."synthetic h i g h e r a l c o h o l s . " Here a g a i n we
have a s u b d i v i s i o n that r e f l e c t s on the c h e m i c a l p r o c e s s for
s y n t h e s i s a n d we o b t a i n " O x o a l c o h o l s , " " Z i e g l e r
a l c o h o l s , " etc.

A l c o h o l s are also c l a s s i f i e d a c c o r d i n g t o t h e i r m a r k e t
u s a g e . The principal m a r k e t f o r p r i m a r y alcohols b e t w e e n
six a n d eleven c a r b o n a t o m s is the plasticizer e s t e r i n d u s t r y .
The m a j o r use o f h i g h e r a l c o h o l s w i t h eleven o r more
c a r b o n a t o m s is the d e t e r g e n t i n d u s t r y . Therefore, a logical
s u b d i v i s i o n o f alcohols c o u l d be "plasticizer-range a l c o h o l s
( C 6 - C 1 0 ) " a n d "detergent-range ( C 11 a n d u p ) a l c o h o l s . "
This division at C 11 i s a r b i t r a r y a n d crossover o f a l c o h o l s
d o e s o c c u r ; C13 O x o "alcohol is u s e d to m a k e phthalate
plasticizers, a n d a s m a l l a m o u n t o f C8-C 10 a l c o h o l s is u s e d
to make n o n i o n i c s u r f a c t a n t s for i n d u s t r i a l cleaning.

History and Sources
The k n o w l e d g e o f f e r m e n t a t i o n t o p r o d u c e e t h y l a l c o h o l

goes b a c k a b o u t 6 , 0 0 0 y e a r s . This is long b e f o r e any
w r i t t e n r e c o r d s , a n d m a k e s e t h a n o l one o f the o l d e s t
k n o w n o r g a n i c chemicals. A l c o h o l s have t w o p a r e n t s :
" m o t h e r n a t u r e " for m a n y c e n t u r i e s a n d " f a t h e r s c i e n c e "
f o r less than two. D u r i n g the last 2 0 0 y e a r s , n a t u r e a n d
s c i e n c e p r o d u c e d a l c o h o l s with a wide v a r i e t y o f m o l e c u l a r
c o n f i g u r a t i o n a n d character. S i m p l e s a t u r a t e d aliphatic

J. AM. OIL CHEMISTS' SOC., November 1979 (VOL. 56) 853A



alcohols , such as m e t h a n o l and e t h a n o l , r a r e l y are f o u n d as
such in n a t u r e . H i g h e r p r i m a r y m o n o h y d r i c acyclic alcohols
of 7 , 8 , 9 , 10 , and 12 c a r b o n a t o m s o c c u r to a l imi ted
e x t e n t in the o i l of leaves, f lowers, and frui t . Since they
have a characterist ic o d o r , they are valuable ingredients for
c o m p o u n d e d p e r f u m e s .

Natural Sources
Alcohols in c o m b i n e d form are m a n y , many times

more prevalent in n a t u r e than the free c o m p o u n d s .
Esters of n-hexyl , and n-octyl alcohols are f o u n d in
c e r t a i n p l a n t o t i s , and the capryl ic e s t e r of n - n o n y l
alcohol o c c u r s in orange-flower oill Esters of the higher,
s a t u r a t e d , a l iphat ic m o n o h y d r i c alcohols are q u i t e
ubiqui tous in n a t u r e ; for e x a m p l e , c e t y l pa lmi ta te i s the
c h i e f ingredient o f spermaceti ; c e r y l c e r o t a t e is f o u n d in
Chinese wax; m y r i c y l pa lmi ta te in b e e s w a x ; and m o n t a n y l
and gossypyl alcohols in A m e r i c a n c o t t o n wax.

The mos t i m p o r t a n t c o m b i n e d a l c o h o l is glycerol , w h i c h
i s an essential ingredient of a n i m a l and vegetable f a t s . T h e s e
triglycerides c o n t a i n C 12 to C1 a f a t t y a c i d s w h i c h can be
released as s u c h , or c o n v e r t e d to m e t h y l esters p r i o r to
conversion to f a t t y alcohols .

Hydrolysis o f Organic Esters. In past d e c a d e s , the wax
esters in s p e r m oi l from whales have been a commercial
s o u r c e of h i g h e r m o n o h y d r i c f a t t y alcohols . S p e r m w h a l e
o i l has from 6 6 - 7 4 % esters of h i g h e r alcohols and acids ,
w h i c h includes 10% spermaceti (essential ly c e t y l palmitate)
w h i c h can be r e m o v e d by chi l l ing . The r e m a i n d e r i s m o s t l y
tr iglycerides, and wax esters . Treating th i s f r a c t i o n wi th hot
c o n c e n t r a t e d caust ic so lu t ion wi l l saponify the esters to
form s o a p s of the f a t t y a c i d s and the free alcohol .

When th i s r e a c t i o n m i x t u r e is d is t i l l ed at r e d u c e d pres-
sures , f a t t y alcohols go in to the o v e r h e a d , leaving soap as
b o t t o m s . The f a t t y alcohol fraction is mos t ly c e t y l , o ley l ,
and arachidyl , and comprises ca. 30% of the original oil.
This process was e m p l o y e d in E u r o p e and J a p a n , and
p r o d u c e d alcohols w h i c h were e x p o r t e d to the U n i t e d
Sta tes . H o w e v e r , the U.S. D e p a r t m e n t of the I n t e r i o r in
1970 p l a c e d e i g h t species of w h a l e ( including S p e r m w h a l e )
on the " e n d a n g e r e d species" list and b a n n e d importa t ion of
o i l , meat or o t h e r p r o d u c t s derived from t h e m .

Wool grease is r e f i n e d and saponified to yield a c o m p l e x
m i x t u r e of alcohols , d io l s and sterols . This m i x t u r e i s
valuable for use in cosmetics and is so ld as such u n d e r the
c o m p o s i t e name of lanol in . F u r t h e r modif icat ion such as
ethoxylat ion p r o d u c e s a m i x t u r e that i s e a s i e r to h a n d l e
and b l e n d with o t h e r c o m p o n e n t s .

Reduction o f esters. Since the e a r l y 1 9 0 0 s , s tar t ing wi th
Bouveal t and B l a n c , a specif ic chemistry and technology
has been developed for the r e d u c t i o n of n a t u r a l and syn-
t h e t i c esters to the corresponding alcohols . C o m m o n
star t ing materials wi th industrial v a l u e are tal low, l a r d ,
c o c o n u t o i l , s p e r m o i l , palm k e r n e l o i l , c a s t o r o i l , and fish
o i l s . Whi le the f a t t y acid p o r t i o n o f esters i s usual ly a
r a n d o m m i x t u r e of varying c a r b o n c h a i n lengths and
d e g r e e s o f unsaturat ion, nevertheless fairly u n i f o r m blends
of f a t t y alcohols from tal low and c o c o n u t are commercial ly
p r o d u c e d .

N a t u r a l f a t t y alcohols are predominant ly st ra ight c h a i n
p r i m a r y alcohols that consis t a l m o s t entirely of an even
n u m b e r of c a r b o n a t o m s . Most synthe t ic processes that do
not s t a r t wi th n a t u r a l materials p r o d u c e h i g h e r alcohols
w h i c h have some b r a n c h e d c h a i n s and substantial a m o u n t s
of o d d - c a r b o n c h a i n length . An i m p o r t a n t e x c e p t i o n to th i s
s t a t e m e n t , h o w e v e r , is the fairly r e c e n t " A l f o l " process
w h i c h p r o d u c e s stra ight c h a i n , even-carbon alcohols v i a
Ziegler chemistry wi th alkyla luminum catalysts . Two
r e d u c t i o n processes, b a s e d on n a t u r a l s tar t ing mater ials ,
have attained c o m m e r c i a l i m p o r t a n c e in the U n i t e d Sta tes .

Sodium reduction process. R e d u c t i o n of esters wi th
meta l l ic s o d i u m (in the presence of a r e d u c i n g alcohol) was

discovered by Bouveal t and Blanc in 1 9 0 3 , and f u r t h e r
i m p r o v e d by Hausley and Peddicord. Whi le D u P o n t or ig i -
n a t e d a w o r k i n g process in the U n i t e d Sta tes , i t was P r o c t o r
and G a m b l e who firs t p r o d u c e d f a t t y alcohols c o m m e r -
ciaUy by s o d i u m r e d u c t i o n in 1 9 4 2 . This process mainta ins
original unsaturated b o n d s , and p r o d u c e s unsaturated
alcohols .

High pressure hydrogenolysis process. Since the mid
1950s , cata lyt ic hydrogenation has r e p l a c e d s o d i u m r e d u c -
t ion as a b e t t e r e c o n o m i c r o u t e to f a t t y alcohols . Again,
alkal i refining and d r y i n g are n e e d e d to r e m o v e f a t t y acids
and moisture. Since the use of glycerides causes contamina-
t ion problems, p r o c e s s t r e n d s have been t o w a r d s the use of
f a t t y acids , as s tar t ing mater ials , and in the las t two decades
to m e t h y l esters .

Synthetic Sources

Alcohols from n a t u r a l sources tend to be variable in
composi t ion and expensive and diff icul t to purify; t h e r e -
f o r e , considerable incentive existed to develop synthe t ic
m e t h o d s for special a lcohols .

Aldol condensation. Aldehydes or k e t o n e s wi th a
h y d r o g e n atom on the c a r b o n adjacent to the c a r b o n y l
g r o u p can be c o n d e n s e d to fl-hydroxy a l d e h y d e s or k e t o n e s ,
respectively. Dehydrat ion, fol lowed by catalyt ic h y d r o -
genat ion, then f o r m s the alcohol .

Oxo (hydroformylation) reaction. In general, an olefin i s
r e a c t e d wi th c a r b o n m o n o x i d e and h y d r o g e n in the
p r e s e n c e of a catalyst and u n d e r high pressure. The alde-
hyde m i x t u r e p r o d u c e d i s r e d u c e d with h y d r o g e n to the
corresponding alcohols . Commercia l ly , each manufacturing
process uses u n i q u e technology in t e r m s of catalyst , process
condi t ions , b y p r o d u c t f o r m a t i o n and purif icat ion.

The Ziegler Process. Here we p r o d u c e stra ight c h a i n
n o r m a l alcohols by addi t ion of e t h y l e n e to t r ie thyla lumi-
num. In various s teps , t r ia lkyla luminum is f o r m e d , w h i c h is
c o n v e r t e d to the corresponding a l u m i n u m alkoxide by a i r
oxida t ion . Hydrolysis then l e a d s to a m i x t u r e of linear
p r i m a r y alcohols .

CHEMICAL A N D PHYSICALPROPERTIES

Chemical Reactions
Chemical reactions of alcohols are essent ial ly related to

the h y d r o x y l g r o u p and i t s pos i t ion in the molecule.
Addit ional influence is e x e r t e d by the p r e s e n c e of o t h e r
functional groups , and also by the n a t u r e of the h y d r o -
c a r b o n b a c k b o n e . Alcohols are n e u t r a l c o m p o u n d s and do
not i o n i z e in w a t e r . H o w e v e r , they can act as acids by
reacting wi th alkal i meta ls . They also f u n c t i o n as bases by
reacting wi th s t r o n g acids . The mos t b a s i c alcohols are the
tertiary ones b e c a u s e the alkyl g r o u p s d o n a t e electrons to
the c a r b o n w h e r e o x y g e n i s a t t a c h e d . This electron transfer
increases e l e c t r o n densi ty at the o x y g e n a t t ] m and m a k e s i t
more attractive t o w a r d a p r o t o n , t h e r e b y m a k i n g i t more
basic. Character is t ic chemical reactions are alphabetically
p r e s e n t e d .

Alkylation. A uni t p r o c e s s w h e r e b y an a l k y l or aralkyl
g r o u p is introduced in to a c o m p o u n d by addi t ion or
subs t i tu t ion . Primary alcohols a lkyla te mos t readily;
s e c o n d a r y alsochols r e q u i r e more dras t ic operating condi -
t ions ; and tertiary alcohols are not considered to be
practical a lkylat ing agents . Alcohols are alkylated by alkyl
sulfates in the p r e s e n c e of a base to form ethers. One alkyl
g r o u p i s usual ly a d d e d , but both g r o u p s can r e a c t i f c o n c e n -
t r a t i o n and t e m p e r a t u r e are increased:

ROH + (CH3)2SO4 + NaOH .-~ ROCH3 + NaCH3SO4 + H20

2ROH + (CH3)2SO4 + 2NaOH ~ 2 R O C H3 + Na2SO4 + 2H20

Ammonolysis and aminolysis. Alcohols generally r e a c t
wi th a m m o n i a to give a m i n e s and with amines to give
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f u r t h e r alkylation p r o d u c t s :

ROH + NH3 ~ RNH2 + H20
alkylamine

R ~
ROH + R'NH 2 ~ R ' ' ~NH + H 2 0

dialkylamine

Dehydration. D e h y d r a t i o n o f a l c o h o l s may p r o c e e d in
t w o directions: an i n t r a m o l e c u l a r step to p r o d u c e a l k e n e s
(olefins)--

RCH2CH2OH -~ RCH = CH2 + H 2 0
alkene

o r a n i n t e r m o l e c u l a r r o u t e t o form e t h e r s -
2ROH - ~ R O R + H 2 0

e t h e r

While b o t h p r o d u c t s t e n d t o be f o r m e d in the c o u r s e o f
a r e a c t i o n , c o n d i t i o n s can be v a r i e d t o f a v o r one r o u t e over
the o t h e r . The most i m p o r t a n t f a c t o r is t e m p e r a t u r e , w i t h
h i g h e r t e m p e r a t u r e s f a v o r i n g a l k e n e formation. Distillation
o f m o n o h y d r i c a l c o h o l s w i t h d e h y d r a t i n g a g e n t s s u c h a s
p h o s p h o r u s p e n t o x i d e , s u l f u r i c a c i d , zinc c h l o r i d e , b o r o n
t r i o x i d e , o r o x a l i c a c i d will r e m o v e o n e m o l e c u l e o f w a t e r
a n d form the correspondence o l e f i n . S e c o n d a r y a l c o h o l s
d e h y d r a t e more r e a d i l y than p r i m a r y o n e s , w h i l e t e r t i a r y
a l c o h o l s d e h y d r a t e m o r e than s e c o n d a r y o n e s . The S a y t z e f f
r u l e i n d i c a t e s that in d e h y d r a t i o n o f a l c o h o l s , h y d r o g e n i s
e l i m i n a t e d preferentially from the a d j a c e n t c a r b o n a t o m
that is p o o r e r in h y d r o g e n . D e h y d r a t i o n o f a l c o h o l s i s
s u i t a b l e f o r i n d u s t r i a l preparation of a l k e n e s ; s o m e d i h y d r i c
a l c o h o l s can also be converted t o diolefins. H y d r o b r o m i c
a c i d o f 4 8 % concentration is u s e f u l f o r l a b o r a t o r y d e h y d r a -
t i o n .

Dehydrogenation. Primary s a t u r a t e d a l c o h o l s are d e h y -
d r o g e n a t e d to a l d e h y d e s by p a s s i n g a l c o h o l i c v a p o r s over
h e a t e d catalysts s u c h as f i n e l y d i v i d e d c o p p e r , n i c k e l , z i n c ,
or a l u m i n u m :

CH3CH2OH 200 C ~ CH3CHO + H2
acetaldehyde

In a s i m i l a r m a n n e r , s e c o n d a r y a l c o h o l s form k e t o n e s , w h i l e
t e r t i a r y a l c o h o l s b e c o m e olefins:

250 CCH3CHOHCH 3 ~ CH3COCH3 + H2
2-propanol a c e t o n e

CH31 ICIH2
CH 3 COH ~ CH3 C + H20

I I
CH3 CH3

tert-butyl alcohol i s o b u t y l e n e ,

In g e n e r a l , the d e h y d r o g e n a t i o n r e a c t i o n i s e n d o t h e r m i c ,
a n d r e q u i r e s h i g h t e m p e r a t u r e s for a f a v o r a b l e e q u i l i b r i u m .

Ester formation. Esters, in the s i m p l e s t s e n s e , are
n o n i o n i c o r g a n i c c o m p o u n d s f o r m e d by the elimination o f
w a t e r from an a c i d a n d a l c o h o l :

ROH + R' COOH . "* R ' COOR + H 2 0
Esterification i s a n equ i l i b r ium r e a c t i o n e x c e p t for the
p r o d u c t i o n o f a m o n o e s t e r from a n a c i d a n h y d r i d e . S i n c e
equ i l i b r ium is r e a c h e d s l o w l y , a n a c i d catalyst s u c h a s s u l -
f u r i c a c i d , tohienesulfonie a c i d , b o r o n t r i f l u o r i d e , o r d r y
h y d r o c h l o r i c a c i d i s n o r m a l l y used . The r e a c t i o n c a n be
d r i v e n to c o m p l e t i o n by u p s e t t i n g t h e equ i l i b r ium in the
f o l l o w i n g w a y s : (a.) l a rge e x c e s s of a l c o h o l , ( b . ) l a rge e x c e s s
o f a c i d , o r (c.) r e m o v a l o f w a t e r as a n a z e o t r o p e .

The rate o f esterification i s i n f l u e n c e d by t h e p o s i t i o n o f
h y d r o x y l g r o u p s a l o n g the c h a i n . F o r e x a m p l e , p r i m a r y
a n d s e c o n d a r y alcohols wi l l r e a c t w i t h a c e t i c a c i d a t 155 C
t o form esters. U n d e r s i m i l a r c o n d i t i o n s , a tertiary a l c o h o l
will l o s e w a t e r a n d f o r m a n o l e f i n . Esterification o f a l c o h o l s
w i t h a c i d derivatives ( s u c h a s a c i d c h l o r i d e s , a c i d a n h y -
d r i d e s , a n d s i m p l e a l k y l e s t e r s o f ac ids ) i s s i m i l a r t o t h e

r e a c t i o n w i t h o r g a n i c a c i d s . R e a c t i o n w i t h a n acid h a l i d e
is r a p i d a n d n o r m a l l y r e q u i r e s n o catalyst:

ROH + R'COCI . ~ R'COOR + HCI
acid halide e s t e r

ROH + R'COOCH 34. " R'COOR + CH3OH
a l k y l e s t e r e s t e r

A c i d a n h y d r i d e s r e a c t irreversibly w i t h alcohols t o
form e s t e r s :

ROH + (R'CO)20 ~ R'COOR + R'COOH
a n h y d r i d e e s t e r a c i d

Esterification o f a n a l c o h o l w i t h a c i d s , o r acid d e r i v a -
tives, is the p r i n c i p a l t y p e o f r e a c t i o n i n v o l v e d in r e s i n
formation. In the s y n t h e s i s o f acrylic esters, t h e " R " g r o u p
m a y vary from m e t h y l t h r o u g h l a u r y l ( C 12):

ROH + CH2 CHCOOH ~ CH2 ~ CHCOOR + H 2 0
a c r y l i c a c i d a c r y l i c e s t e r

P r o d u c t i o n o f a l k y l r e s i n s i s b a s e d on the esterification
r e a c t i o n :

CH2OH + C6H4 ( C 0 ) 2 0 -> CH2OOCC6H4OO

CHOH phthalic anhydride CHOOCC6H4OO
I I

CH2OH CH2OOCC6H4COO
Polyester f o r m a t i o n s t a r t s w i t h the r e s i n esterification

s t e p :

HOCH2.CH2OH + HOOC (CH2)4 COOH

e t h y l e n e g l y c o l a d i p i c a c i d

--CH2CH2OOC .(CH2)4 C O O - + 2H20
polyester

A l c o h o l r e a c t s w i t h acetylketene by an a d d i t i o n
m e c h a n i s m t o p r o d u c e a n acetoacetate:

ROH + CH3COCH ~ C ~ O ~ CH3COCH2COOR
a c e t y l k e t e n e a c e t o a c e t a t e d e r i v a t i v e

The u r e t h a n e s e r i e s o f derivatives are e s t e r s w h i c h are
u s e f u l f o r the i d e n t i f i c a t i o n o f a l c o h o l s by m e a n s o f t h e
f o r m a t i o n o f phenyl-a-naphthyl-, carbamyl-, a n d p-nitro-
phenyl-urethanes.

ROH + ArN C ~ O ~ ArNHCOOR
s u b s t i t u t e d c a r b a m a t e

Tertiary a l c o h o l s are usua l ly d e h y d r a t e d t o o l e f i n s by iso-
cyanates, in c o n t r a s t t o p r i m a r y a n d s e c o n d a r y a l c o h o l s
w h i c h u n d e r g o t h e a b o v e r e a c t i o n .

Ester interchange. E x c h a n g e o f a l k o x y g r o u p s b e t w e e n
e s t e r s a n d a l c o h o l s ( a l s o k n o w n a s alcoholysis, transesterifi-
c a t i o n , o r reesterification) i s u s e d in p r e p a r i n g b o t h l o w
m o l e c u l a r w e i g h t e s t e r s a n d glycerol from n a t u r a l l y
o c c u r r i n g fats a n d oils by t r e a t m e n t w i t h l o w e r alcohols.
The g e n e r a l r e a c t i o n is:

ROH + R ' C O O R " ~ R"OH + R'COOR

Alcoholysis o f a g l y c e r i d e c a n be r e p r e s e n t e d as:

CH2OOCR CH2OH
3R'OH + CHOOCR ~ CHOH + 3RCOOR'

I I
CH2OOCR CH2OH
e s t e r g l y c e r o l n e w e s t e r

A c i d or b a s i c catalysts are u s e d t o s p e e d the alcoholysis
r e a c t i o n , w h i c h also p r o c e e d s m o r e r e a d i l y w i t h l o w e r
a l c o h o l s (C1 - C4).

Ether formation. As m e n t i o n e d u n d e r d e h y d r a t i o n , the
i n t e r m o l e c u l a r d e h y d r a t i o n o f a l c o h o l s wi l l l e a d t o e t h e r s :

2ROH ~ ROR + H 2 0
e t h e r

I n c o n t r a s t to i n t r a m o l e c u l a r d e h y d r a t i o n , e t h e r f o r m a t i o n
i s f a v o r e d by l o w e r t e m p e r a t u r e s . Typical catalysts are
s u l f u r i c a c i d , p h o s p h o r i c a c i d , b o r o n t r i o x i d e , m e t h i o n i c
a c i d , or b e n z e n e s u l f o n i c a c i d , a n d they are usua l ly em-
p l o y e d in a l iqu id p h a s e environment. A v a p o r p h a s e
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operation can be e m p l o y e d over a l u m i n a , thoria, titania,
or p r o m o t e d c o p p e r . Di- a n d p o l y h y d r i c alcohols form
c y c l i c e t h e r s or alkylene o x i d e s by a s i m i l a r r o u t e :

CH20~': CH2
,/; i Catalyst , I . ~ O + H 2 0

C H2.'OH- CH2

Ethoxylation. The r e a c t i o n o f alcohols w i t h e t h y l e n e
o x i d e g i v e s p o l y m e r i c p r o d u c t s in w h i c h many u n i t s o f the
e t h o x y g r o u p ( - C H 2 C H 2 0 - ) are i n c o r p o r a t e d :

alk.R O H + n C H 2 .CH2 ~ R(OCH2CH2)nOH
~ O 7 cat . polyethoxylated alcohol

Ethylene o x i d e a d d u c t s o f l i n e a r a l c o h o l s are m a d e com-
mercially w h e r e the m o l a r q u a n t i t y o f E O varies from n =1
t o n = 4 0 . Propylene o x i d e g i v e s a similar p r o d u c t mix.
C o m m e r c i a l p r o d u c t s are m o s t l y b a s e d o n m i x e d alcohols.
A la rge e n d use i s a s f e e d s t o c k for e t h o x y sulfates.

Halogenation. R e p l a c e m e n t o f h y d r o x y g r o u p by
h a l o g e n s f o r m s h a l i d e derivatives. Several r e a g e n t s can
a f f e c t this c h a n g e , the most u s e f u l b e i n g h a l o g e n a c i d s ,
t h i o n y l c h l o r i d e , a n d p h o s p h o r u s tri- a n d pentahalides.
R e a c t i o n of an a l c o h o l w i t h a h a l o g e n acid is b e l i e v e d to
p r o c e e d via the f o r m a t i o n a n d d e c o m p o s i t i o n o f an
o x o n i u m s a l t :

ROH + HX ~---2~ 0 H I + X -- - - ~ R X + H 2 0

R

Position o f the h y d r o x y l g r o u p affects the ease o f replace-
m e n t ; the o r d e r o f d e c r e a s i n g activity i s tertiary, s e c o n d a r y ,
p r i m a r y . The p a r t i c u l a r h a l o g e n u s e d in the r e a c t i o n also
i n f l u e n c e s the r e a c t i o n r a t e ; the s e q u e n c e o f d e c r e a s i n g
activity is i o d i d e , b r o m i d e , c h l o r i d e . An i m p o r t a n t applica-
tion o f this reaction is preparation o f high m o l e c u l a r w e i g h t
h a l i d e s .

P h o s p h o r u s tri- a n d p e n t a h a l i d e s will generally f o r m
a h a l i d e derivative:

3ROH + PCI 3 , 3 RCI + P(OH)3

H o w e v e r , c o n d i t i o n s c a n be e s t a b l i s h e d in w h i c h a l k y l
phosphites are f o r m e d :

3ROH + PCI 3 ~ 3HCI + P(OR)3

Tertiary alcohols invariably form a l k y l h a l i d e s ; s e c o n d a r y
a l c o h o l s r e a c t t o form a l k y l h a l i d e s a n d p h o s p h i t e s ; a n d
p r i m a r y alcohols form p h o s p h i t e s w i t h P C I 3 , a n d an a l k y l
h a l i d e with PBr 3 . Thionyl c h l o r i d e gives a n a l o g o u s
r e a c t i o n s to t h o s e o b t a i n e d w i t h tri- a n d pentahalides:

R O H + S O C I 2 ~RCI +ItC1 +SO 2

Oxidation. O x i d a t i o n is the p r o c e s s w h e r e b y o x y g e n is
i n t r o d u c e d i n t o , o r h y d r o g e n r e m o v e d from an o r g a n i c
c o m p o u n d by m e a n s o f a n o x i d i z i n g a g e n t . Partial o x i d a -
tion o f a l c o h o l s m a y r e s u l t in v a l u a b l e c o m p o u n d s , but this
r e q u i r e s c l o s e c o n t r o l o f o p e r a t i n g c o n d i t i o n s a n d o f the
o x i d a t i o n catalyst.

Primary a l c o h o l s m a y be o x i d i z e d t o a l d e h y d e s , a n d the
r e a c t i o n may f u r t h e r p r o c e e d to the a c i d :

RCH2OH + _ O R C H O + H 2 0 +O ~ RCOOH+ H20
primary alcohol aldehyde acid

S e c o n d a r y a l c o h o l s are o x i d i z e d t o ketones:

RCHOHR' +O , R C O R ' + H 2 0
s e c o n d a r y alcohol ketone

Tertiary a l c o h o l s are q u i t e s t a b l e in the p r e s e n c e of
o x i d i z i n g a g e n t s in alkaline o r n e u t r a l s o l u t i o n , but d e h y -
d r a t e to a l k e n e s in a c i d s o l u t i o n . The a l k e n e s can be f u r t h e r
o x i d i z e d w i t h a c o n s e q u e n t b r e a k i n g o f the c a r b o n c h a i n :

RR'R"COH ~ Dehydration, or no reaction

Reaction with metals. A l k a l i m e t a l s ( s o d i u m , p o t a s s i u m ,
o r c a l c i u m ) r e p l a c e h y d r o g e n o n h y d r o x y l g r o u p s to form

a m e t a l a l k o x i d e (alcoholate) a n d h y d r o g e n gas:

2ROH + 2Na ~ 2RONa +H2t
sodium alkoxide

A l u m i n u m a n d m a g n e s i u m m a y also be m a d e to form
a l k o x i d e s , but they r e q u i r e a catalytic a c t i o n via amalgama-
tion a n d t r a c e s o f c a r b o n tetrachloride. Dissolving s o d i u m
o r p o t a s s i u m h y d r o x i d e in s t r o n g a l c o h o l f o r m s a n
a l k o x i d e , but an e x c e s s o f w a t e r will reverse the reaction:

ROH + NaOH , • R O N a + H 2 0

Sodium p e r o x i d e r e a c t s with a l c o h o l to form a n
a l k o x i d e a n d s o d i u m h y d r o p e r o x i d e :

R O H + N a 2 0 2 , RONa + NaOOH
sodium sodium
alkoxide hydroperoxide

The h y d r o x y l h y d r o g e n is most reactive on a p r i m a r y
a l c o h o l , then d e c r e a s e s in activity as it o c c u r s on s e c o n d a r y
a n d tertiary alcohols. C o n s e q u e n t l y , the reaction with
tertiary a l c o h o l s r e q u i r e s i n c r e a s e d t e m p e r a t u r e a n d l o n g e r
r e a c t i o n t i m e .

Sulfation and sulfonation. The preparation o f straight
c h a i n s u l f a t e d a l c o h o l s r e q u i r e s the a c t i o n o f s u l f u r i c a c i d ,
su l fur t r i o x i d e , or chlorosulfonic a c i d o n h i g h e r alcohols:

ROH + H2SO 4 + SO3 -------* ROSO3H + H2SO 4

ROH + CISO3H ~ ROSO3H + HCI
chlorosulfonie acid alkyl s u l f a t e

C l a r k a n d M a l k e m u s have r e p o r t e d o n sulfonation of
a l c o h o l s by the use o f s u l f a m i c a c i d to form R-SO 3 Na.
G i l b e r t a n d J o n e s give e x a m p l e s o f s u l f o n a t i o n agents for
a variety o f s t a r t i n g alcohols. U n s a t u r a t e d alcohols r e q u i r e
s p e c i a l s u l f a t i n g a g e n t s a n d c o n d i t i o n s s u c h a s p y r i d i n e p l u s
SO 3 .

S i n c e many alcohols have b r a n c h e d c h a i n s with a n - O H
g r o u p in s e c o n d a r y o r tertiary p o s i t i o n , s e c o n d a r y a l k y l
s u l f a t e s have been wide ly s t u d i e d in E u r o p e . F o l l o w i n g

representations o f several importantare s t r u c t u r a l
variations:

R'
I

R - - C H - - O S O 3 N a

R f

I
R - - C - - O S O 3 N a

I
R ff

R '
I

R--C---CH2OSO3Na

Secondary aliphatic sulphate, in which R
is a long aliphatic chain, usually con-
taining n o t l e s s t h a n e i g h t c a r b o n atoms.

Tertiary aliphatic sulphate, in which R,
R', and R" are all methyl or larger
aliphatic groups, the total number of
carbon atoms usually being at least
twelve.

Branched chain primary aliphatic sul-
RI,, phate, normally saturated, in which R,

R', and R" may themselves be branched.
S e c o n d a r y a n d b r a n c h e d c h a i n aliphatic s u l f a t e s have g o o d
w e t t i n g - o u t properties, g o o d w a t e r s o l u b i l i t y , a n d r e d u c e
s u r f a c e tension o f w a t e r . H o w e v e r , they are inferior to
p r i m a r y s u l f a t e s in detergency.

PHYSICAL PROPERTIES
The c o m m o n h i g h e r alcohols are colorless l iqu ids or

s o l i d s , d e p e n d i n g on the n u m b e r o f c a r b o n a t o m s .
H y d r o g e n b o n d i n g , w h i c h are s e c o n d a r y attractive forces
b e t w e e n h y d r o x y l g r o u p s in a d j a c e n t m o l e c u l e s , are the
m a i n r e a s o n alcohols have h i g h e r m e l t i n g a n d b o i l i n g p o i n t s
than the c o r r e s p o n d i n g h y d r o c a r b o n s . H e n c e , physical
p r o p e r t i e s o f the h o m o l o g o u s s e r i e s o f p r i m a r y h i g h e r
a l c o h o l s e x h i b i t a correlation with increasing m o l e c u l a r
w e i g h t : (a.) w a t e r s o l u b i l i t y d e c r e a s e s to nil a b o v e C8; (b.)
oil s o l u b i l i t y increases; (c.) b o i l i n g p o i n t s increase ca. 2 0 C.
f o r e a c h C t t2 u n i t a d d e d t o a qRrm',d p r i m a r y m o n o h y d r i c
a l c o h o l ; ( d . ) specific gravity ( d ~ o ) increases ca. 0 . 0 0 3 u n i t s
p e r C H2 u n i t ; (e.) b e l o w C12 thb physical form is a color-
l e s s , m o b i l e oily l iqu id ; (f.) a b o v e C 12 the alcohols are s o l i d
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TABLE I

Physical Properties of Higher Saturated Acrylic (Aliphatic) Alcohols

IUPAC Name Other common name Formula Fp.°C

Spec i f i c Refractive
Bp. °C gravity index

760 mm 20/4°C 20
n o

l-Undecanol n-Undecyl alcohol C 11H23OH 19
5-Ethyl-2-nonamol Methyl (3-ethyl-n-heptyl) carbinol C I IH23OH -70
l-Dodecanol n-Dodecyl alcohol, lauryl alcohol CI2H25OH 23.9
l-Tridecanol n-Tridecyl alcohol C 13H27 OH 30.6
l-Tetradecanol n-Tetradecyl alcohol, myristyl alcohol CI4H29OH 38.3
7-Ethyl-2-methyl-4-hendecanol Isobutyl (3-ethyl-n-heptyl) carbinol CI4H29OH -65
l-Pentadecanol n-Pentadecyl alcohol CI 5H31OH 43.8
l-Hexadecanol Cetyl alcohol palmityl alcohol CI6H33OH 49.6
l-Heptadeeanol Margaryl alcohol CI7H35OH 53
l-Octadecanol Stearyl alcohol, n-octadecyl alcohol CI 8H37OH 58.1
l-Nonadecanol n-Nonadecyl alcohol CI9H39OH 62-3
l-Eicosanol Arachidyl alcohol C20H41OH 66.5
l-Docosanol Behenyl alcohol C22H45OH 70.6
l-Tetracosanol Lignoceryl alcohol C24H49OH 76.5-77.5
l-Hexacosanol Ceryl alcohol cerotin,n-hexacosyl alcohol C26H53OH 79.5
l-Octacosanol Montanyl alcohol C28H57OH 83.3
1-Triacontanol Myricyl alcohol C30H6 IOH 88
l-Hentriacontanol Melissyl alcohol C31H63OH 87.1
1-Dotriacontanol Lacceryl alcohol C32H65OH 89.4
l-Tetratriacontanol Geddyl alcohol C34H69OH 91.9

243 0.8298
225.4 0.8348
259 0.830924
1 5 5 1 5 0.822331
286750 0.823638
264.1 0.8340

344 0.817650
308 0.8475
332 0.812459
1 6 6 - 7 0.809064
369 0.8405
1800.22
2100-40 0.795077
30520 0.789062

0.783085

2440-50a 0.777088
2570.50

1.4404
1.4393
1.428260

1.434750
1.4443

1.439451.5

1.439060
1.432875
1.4550

a0.50 Means at 0.50 mm Hg.

at r o o m t e m p e r a t u r e a n d progress from s o f t , crystalline
platelets to crystalline w a x e s ; ( g . ) v i s c o s i t y increases w i t h
m o l e c u l a r w e i g h t at the same t e m p e r a t u r e ; (h.) v a p o r
e n t h a l p y a n d l iqu id e n t h a l p y d e c r e a s e .

S e l e c t e d physical properties are s h o w n for the more
i m p o r t a n t h i g h e r s a t u r a t e d alcohols in T a b l e I. The t a b u l a -
tion is a r r a n g e d a c c o r d i n g to n u m b e r o f c a r b o n a t o m s , a n d
s h o w s the variation of p h y s i c a l p r o p e r t i e s with m o l e c u l a r
w e i g h t , a n d i n d i c a t e s that a s e c o n d a r y > C t t O H s t r u c t u r e
a n d b r a n c h i n g of the c a r b o n c h a i n l o w e r s m e l t i n g a n d
b o i l i n g p o i n t s , as c o m p a r e d to p r i m a r y ( C H 2 O H )
characterization a n d straight c a r b o n c h a i n s t r u c t u r e ,
respectively.

SATURATED HIGHER ALIPHATIC ALCOHOLS

The f o l l o w i n g section p r e s e n t s a s h o r t d i s c u s s i o n o f only
f o u r s a t u r a t e d h i g h e r aliphatic a l c o h o l s that c o n t a i n 1 1 o r
more c a r b o n a t o m s . T a b l e I presents s o m e physical d a t a
for the more c o m m o n or i m p o r t a n t alcohols. They are
l i s t e d in t e r m s of increasing n u m b e r o f c a r b o n a t o m s .

Lauryl Alcohol

i - D o d e c a n o l , C t t 3 ( C H 2)10CH2 OII, ( n - d o d e c y l a l c o h o l ,
l a u r y l a l c o h o l ) is a p r i m a r y , straight c h a i n , 12-carbon o r
d o d e c y l a l c o h o l w i t h a f a t t y , p e r f u m e d o d o r . It h a s a m o l e -
c u l a r w e i g h t o f 186.34. This c o m p o u n d is a l o w m e l t i n g
s o l i d w h i c h is i n s o l u b l e in w a t e r , but c o m p l e t e l y s o l u b l e in
e t h y l a l c o h o l a n d e t h e r at room t e m p e r a t u r e . The
n - d o d e c y l alcohol may be crystallized from e t h a n o l by
c o o l i n g , l - D o d e c a n o l h a s been p r o d u c e d commercially for
many y e a r s by a p r o c e s s that p r o c e e d s with the preparation
o f e t h y l e s t e r s of c o c o n u t oil, p u r i f i c a t i o n to e t h y l l a u r a t e
by distillation, f o l l o w e d by r e d u c t i o n w i t h s o d i u m a n d
a b s o l u t e a l c o h o l t o the 12-carbon alcohol. A high q u a l i t y
l a u r y l a l c o h o l i s c u r r e n t l y p r o d u c e d by catalytic r e d u c t i o n
o f c o c o n u t oil, c o c o n u t oil fat ty a c i d s , o r t h e i r e s t e r s , u n d e r
high pressure. The C12 c o n t e n t of c o m m e r c i a l l a u r y l
a l c o h o l m a d e by this p r o c e s s is ca. 96%. Process improve-
m e n t s in the past decade have e m p h a s i z e d the v a l u e o f
s t a r t i n g w i t h f a t t y e s t e r s in o r d e r to improve y i e l d a n d
especially p r o d u c t p u r i t y . M i x e d a l c o h o l s w i t h 71% o r 6 5 %
C12 a l c o h o l contents, respectively, can be o b t a i n e d more
economically. These p r o d u c t s o f l o w e r p u r i t y are c o m m e r -
cially significant w h e n the m i x t u r e is s u i t a b l e for the e n d -
u s e , a n d the c a r b o n c h a i n l e n g t h is only a m i n o r f a c t o r in

the i n t e n d e d appl icat ion. As was the case wi th n-decyl
alcohol , 1-dodecanol can n o w be p r o d u c e d by the t r ia lkyl -
a l u m i n u m process, but i s only avai lable commercial ly in the
form of m i x e d n o r m a l , even-carbon alcohols . Of the two
mos t i m p o r t a n t grades, one contains 55% ]auryl alcohol and
43% myris ty l alcohol (C 14), and the o t h e r g r a d e consis ts of
63% lauryl alcohol , 24% myris ty l a lcohol , and 10% c e t y l
a l c o h o l ( C 1 6 ) . The Shel l Chemical C o m p a n y has recently
o f f e r e d a b l e n d of linear C12 and C 13 p r i m a r y alcohols
n a m e d " N e o d o l s " w h i c h originated from a p e t r o l e u m feed
s t o c k .

L a u r y l alcohol is inso lub le in w a t e r , but i t i s completely
misc ib le a b o v e 30 C. wi th m e t h a n o l , 95% e t h a n o l , e t h y l
e t h e r , and b e n z e n e .

The chemical properties o f 1-dodecanol are typical of
the h i g h e r p r i m a r y alcohols , and involve the characterist ic
reactions of the h y d r o x y l g r o u p . L a u r y l alcohol can be
esterified wi th acids in the presence of a catalyst , oxidized
to a l d e h y d e s and acids , sulfated wi th chlorosulfonic or
sul fur ic acids , and d e h y d r a t e d over a luminum o x i d e
catalyst to the corresponding olef in .

MyrisWI Alcohol
l - T e t r a d e c a n o l , C H 3 ( C H 2 ) 1 2 C H 2 O H ( n - t e t r a d e c y

alcohol , myr is ty l alcohol), a p r i m a r y , s t ra ight c h a i n , 14-
c a r b o n alcohol of molecular w e i g h t 2 1 4 . 4 0 , exis ts as a low
mel t ing w h i t e so l id at room t e m p e r a t u r e . The alcohol is
a l m o s t inso lub le in w a t e r , completely misc ib le wi th e t h e r ,
and only part ial ly so lub le in e t h y l alcohol , from w h i c h i t
can be crystall ized in the form of aque leaflets , l - T e t r a -
d e c a n o l has been p r o d u c e d commercial ly for many y e a r s
by the s o d i u m reduction process, w h i c h simul taneously
yie lds 1-decanol and l-dodecanol . E t h y l e s t e r s o f c o c o n u t
o i l are purif ied by dis t i l l a t ion to form e t h y l myristate. Sub-
s e q u e n t reduction with s o d i u m and absolu te alcohol
f o r m s the corresponding 14-carbon p r i m a r y alcohol . High
qual i ty 1-tetradecanol has also been m a n u f a c t u r e d d u r i n g
the past t w o d e c a d e s by the cata lyt ic r e d u c t i o n of c o c o n u t
o i l , or c o c o n u t o i l f a t t y acids , or m e t h y l esters u n d e r high
pressure.

T a b l e II s h o w s a typical d is t r ibut ion o f f a t t y acids in the
triglycerides of c o c o n u t o i l in t e r m s o f p e r c e n t by weight ,
and h e n c e the dis t r ibut ion of the corresponding alcohols
that can be e x p e c t e d from c o c o n u t oil as a raw material .
By appropriate fractional d i s t i l l a t ion , a commercial p r o d u c t
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TABLE II

Fat ty Acid Distribution in Coconut Oil

Number of carbon atoms
in saturated acids % by Wt.

C 6 0.5
C 8 8
CI0 7
C12 48
C14 17
C16 9
C18 2

C16 = (unsaturated) 0.2
C 18 = (unsaturated) 6

with 95% of the primary-Cl4 alcohol is obtained for sale.
Again, mixed normal alcohols with lower contents of C14
alcohols are produced more economically when the com-
mercial application allows for the utilization of mixtures.
The Ziegler or trialkylaluminum process synthetically
produces a mixture of even-carbon, straight chain alcohols
from ethylene. A pure grade containing 97% of C14 straight
chain alcohol is produced, as well as a mixture of 43%
CI4 and 55% C12, and another mixture of 24% C14, 63%
C12 and 10% C16 primary alcohols. Small amounts of
myristyl alcohol are obtained from spermaceti wax by
saponification. Shell Chemical Company recently offered a
mixture of C14 and Cls linear primary alcohols derived
from a petroleum feedstock. Chemical properties of 1-
tetradecanol are typical of the higher primary alcohols and
involve the characteristic reactions of the hydroxyl group.
Myristyl alcohol can be esterified with acids in the presence
of a catalyst, oxidized to aldehydes and acids, sulfated with
chlorosulfonic or sulfuric acids, and dehydrated over
aluminum oxide catalyst to the corresponding olefin.

Cetyl Alcohol

l-Hexadecanol, CHa(CH2)I4CH2OH , (cetyl alcohol,
n-hexadecyl alcohol, palmityl alcohol, ethal, ethol) is a
white, crystalline, waxlike solid with a rose odor, and a
molecular weight of 242.45. It was prepared in 1818 by
Chevreul from the cetyl ester of palmitic acid by saponifi-
Cation with alcoholic potassium hydroxide. The ester comes
from sperm oil which is found in the head and vertebrae of
the sperm whale. Hence, the name cetyl is derived from the
Greek word "ketos" which means whale. The alcohol is
prepared commercially by the catalytic reduction of fats
which contain palmitic acid, as well as by the saponification
of spermaceti wax. Beef and mutton tallow fat ty acids pro-
vide a source of starting material for conversion to the 16-
carbon straight chain alcohol.

The major commercial method of preparation in the
early twentieth century involved the sodium reduction of
ethyl esters in the presence of a reducing alcohol. For the
past two decades, American industry has practiced the
catalytic hydrogenation of tallow, tallow acids, or tallow
esters. Most recently, the Ziegler or trialkylaluminum
process has been put into full scale production with plants
that have annual capacities of ca. 150 million lb./yr of
assorted higher alcohols:

~ O R + 3/2 H2SO4 ----+ %A12(SO4) 3 + ROH + R'OH + R"OH

This process yields a purity of 95% after suitable distilla-
tion, or a commercial mixture such as 63% C16 and 30%
CIa normal alcohols. These synthetic compounds are
linear, primary alcohols with an even number of carbon
atoms in the chain. The C16 straight chain alcohol is
insoluble in water, but partly soluble in common organic
solvents.

Chemical properties of cetyl alcohol are typical of the

higher, normal, primary alcohols, and involve the charac-
teristic reactions of the hydroxyl group. Cetyl alcohol can
be dehydrated to form hexadecene, esterified with acids
in the presence of a catalyst to form corresponding esters,
and oxidized to cetyl aldehyde and subsequently t o hexa-
decanoic acid.

Stearyl Alcohol

1-Octadecanol, CHa(CH2) 16CH2OH, (stearyl alcohol,
n-octadecyl alcohol), is a white crystalline and waxlike solid
with a faint, fatty odor. The molecular weight is 270.50.
Stearyl alcohol occurs naturally as an ester in montan and
cotton waxes, and the sperm and blubber oils of the whale,
porpoise, and dolphin. It has also been found in the oil of
herring, and in the caudal glands of the goose. As discussed
under 1-hexadecanol, beef and mutton tallow provide
a mixture of triglycerides which are rich in 16- and 18-
carbon fatty acids. Hydrogenation of tallow is a conven-
tional commercial operation which converts a sizeable
portion of the unsaturated compounds in tallow into the
more stable saturated derivatives. The saturated 18-carbon
fat ty acid (stearic) occurs abundantly in natural fats and
oils. In the early part of the twentieth century, stearyl
alcohol was produced by sodium reduction of the ethyl
ester of Cla acids. Catalytic hydrogenation of tallow,
tallow acids, or tallow esters has supplanted this procedure,
and in turn this process now faces competition from the
trialkylaluminum ethylene route.

The ethylene synthesis method produces an octadecanol
of 91% purity (after suitable purification), as well as com-
mercial mixtures with 30 or 63% of l-octadecanol. Stearyl
alcohol is insoluble in water at room temperature, but
partly soluble in several organic solvents. Stearyl alcohol
crystallizes from ethanol in the form of shining leaflets.
Chemical properties of l-octadecanol are typical of the
higher primary alcohols, and involve the characteristic
reactions of the hydroxyl group. Stearyl alcohol can be
esterified with acids in the presence of a catalyst, oxidized
t o stearyl aldehyde and subsequently t o octadecanoic acid,
sulfated with chlorosulfonic or sulfuric acids, and dehy-
drated over aluminum oxide catalyst t o the corresponding
olefin. The detergent industry requires stearyl alcohol for
many applications which are similar t o those fulfilled by
cetyl alcohol. Heavy duty detergents contain sodium stearyl
sulfate of the corresponding sulfate.

The polyethoxylated stearyl alcohols, and alcohol ether
sulfates, are generally found in light-duty detergents. The
three classes of surfactants are biodegradable by current
definition and are used as "soft" detergents. An increasing
amount of quaternary salts containing tallow-derived
alkyls are used as textile softeners. Miscellaneous applica-
tions are as an ingredient in ink compositions, a softener for
leather, an ingredient in polishing compositions, and an
intermediate for insecticides. Stearyl alcohol resembles
cetyl alcohol in its ability t o form compressed films on the
surface of water. Hence, 1-octadecanol also finds use as a
suppressor of water evaporation on ponds and reservoirs.

UNSATURATED ACYCLIC (ALIPHATIC) ALCOHOLS

Introduction
Higher unsaturated monohydric alcohols have been pro-

duced for many years in the United States and Europe by
the "sodium reduction process." This method starts with
the preparation of ethyl esters from a suitable triglyceride
which contains unsaturated fat ty chains. The esters are
reduced t o the corresponding alcohol with only a minor
reduction of unsaturation. Catalytic hydrogenation, in
general, saturates more double bonds than sodium reduc-
tion. Common starting materials are tallow, unsaturated
vegetable oils, and fish oils. Oleyl alcohol (9-octadecen-l-ol)
is perhaps the best known of the unsaturated fatty alcohols.
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TABLE IIl

Physical Properties of Higher Unsaturated A c y c l i c Alcohols

IUPAC name Common name Formula

Melting Boiling
point , point , 20 20

°C oC d4 nD

l-Hexen-3-ol ---
3-Hexen-I -ol (cis) Leaf alcohol
l-Hexyn.3-ol Hexynol
3-Methyl- 1-pentyn-3-ol Methyl pentynol
4- Methyl- I -pentyn- 3-ol --
I - O c t e n - 3 - o l 1-n-Amylvinyl-carbinol
2-Octyn- 1-ol Penty l propargyl alcohol
4-Ethyl- 1-octyn-3-ol Ethyl octynol
Octadecen- 1-ol (cis) Oleyl alcohol

CH2=CHCHOHCH2CH2CH 3
CH3CH2CH--=CHCH2 CH2OH
CH--=CCHOHCH2CH2CH3
CH------CC(CH3)OHCH2CH 3
CH--=CCHOHCH(CH3)CH3
CH3(CH2)4CHOHCH=CH 2
CH3(CH2)4C=--CCH2OH
CH~-CCHOHCH(Et)(CH2)3CH3
CH3(CH2)7CH=CH(CH2)8OH

--- 1 4 0 - 1 0.83423 1.4329
-- 156 0.8495 1.4380

-80a 142 0.880 1.4350
-30.6 a 121-2 0.8706 1.4318
-43a 131-2 0.876 1.4357

--- 173.5742 0.839513 1.439112
-20 98-915 0.88417 1.4550
-45 a 197.2 0.871 1.4502
-7.5 333-5 0.8489 1.4607

a Freezing point .

The m a n u f a c t u r i n g p r o c e s s b e g i n s w i t h the purification o f
e t h y l e s t e r s by distillation o r fractionation p r i o r to r e d u c -
tion o f the ester.

Physical a n d c h e m i c a l properties o f the u n s a t u r a t e d
a l c o h o l s a n d g l y c o l s are m o r e c o m p l e x than for the
s a t u r a t e d h o m o l o g s due to the p r e s e n c e o f acetylenic a n d
olefinic linkages. In the case o f l-hexyn-3-01, t h r e e
reactive c e n t e r s * are p r e s e n t in its s t r u c t u r e C ' H - - *
C C H O H * C H 2 C H 2 C I t 3 . The h y d r o x y l g r o u p ( O H )
u n d e r g o e s the characteristic r e a c t i o n s o f the p r i m a r y
a l c o h o l s with a d d i t i o n a l activation from t h e u n s a t u r a t e d
linkage. The triple b o n d ( - - ) g i v e s the a d d i t i o n r e a c t i o n s
o f u n s a t u r a t e d c o m p o u n d s . The m e t h i n e ( H ) h y d r o g e n
i s also activated by the t r i p l e b o n d a n d b e c o m e s a n o t h e r
r e a c t i o n center.

R e a c t i o n s of the h y d r o x y l g r o u p inc lude o x i d a t i o n t o
a l d e h y d e a n d a c i d s , a d d i t i o n t o m e t h y l vinyl e t h e r t o form
acetals, a n d replacement o f the O H g r o u p to form h a l o g e n
c o m p o u n d s , e s t e r s a n d e t h e r s . R e a c t i o n s o f the d o u b l e a n d
triple b o n d inc lude r e d u c t i o n of acetylenic Linkage t o
olefinic, a n d s ~ t u r a t e d c o m p o u n d s , classic a d d i t i o n o f
h y d r o g e n , w a t e r , h a l o g e n , h a l o g e n a c i d s , a l c o h o l s , s o d i u m
b i s u l f i t e , a n d a d d i t i o n to a l c o h o l s t o f o r m c y c l i c acetals.
R e a c t i o n s o f the M e t h i n e H y d r o g e n inc lude r e a c t i o n s w i t h
a l d e h y d e s , oxidative c o u p l i n g w i t h air or o x y g e n , r e a c t i o n
w i t h h a l o g e n , G r i g n a r d reagent, dialkylamine, a n d
f o r m a l d e h y d e , dimerization a n d trimerization.

T a b l e III p r e s e n t s p h y s i c a l c o n s t a n t s for s e l e c t e d olefinic
a n d acetylenic alcohols.

Oleyl Alcohol

cis-9-Octadecen-l-o l , C H a ( C H 2 ) T C H C H ( C H 2 ) s O H
( o l e y l alcohol), a n d 18-carbon p r i m a r y e t h y l e n i c a l c o h o l o f
m o l e c u l a r w e i g h t 2 6 8 . 4 7 e x i s t s a s a colorless v i s c o u s l iqu id .
In n a t u r e , o l e y l a l c o h o l is the m o s t a b u n d a n t o f the
u n s a t u r a t e d a l c o h o l s a n d o c c u r s wide ly in fish a n d m a r i n e
m a m m a l oils. O l e y l a l c o h o l i s t h o u g h t to c o n s t i t u t e 6 6 - 7 0 %
o f the a l c o h o l s o f s p e r m b o d y oil.

The most i m p o r t a n t c o m m e r c i a l m e t h o d o f p r o d u c i n g
o l e y l a l c o h o l i s by the r e d u c t i o n o f c o r r e s p o n d i n g e s t e r s
w i t h metallic s o d i u m a n d a l o w e r alcohol. The u n s a t u r a t e d
b o n d o f o l e y l e s t e r i s n o t a f f e c t e d by h y d r o g e n in this
reaction. H e n c e , u n s a t u r a t e d o l e y l a l c o h o l i s o b t a i n e d in
c rude f o r m . O l e y l a l c o h o l m a y also be p r e p a r e d f r o m
o l e a t e s by catalytic h y d r o g e n a t i o n w i t h s p e c i f i c catalysts.

The t r a n s i s o m e r , e l a i d y l a l c o h o l , i s a s o l i d at r o o m
t e m p e r a t u r e w i t h a m e l t i n g p o i n t o f 3 6 - 3 7 C.

MANUFACTURING METHODS A N D
PRODUCTION CAPACITY

Natural Sources

O n e o f the t w o g e n e r a l m a n u f a c t u r i n g categories is the
conversion o f n a t u r a l fats a n d o i l s , w i t h appropriate purift-

c a t i o n steps.
Hydrolysis of natural esters. Crude s p e r m oil from

w h a l e s was u s e d u n t i l the b a n in 1 9 7 0 , to m a k e f a t t y
alcohols. U n t i l 1971 the D y e s a n d C h e m i c a l Division o f E.I.
D u P o n t de N e m o u r s o p e r a t e d a facility f o r saponification
o f s p e r m oil. The p l a n t p r o d u c e d a technical g rade o f o l e y l
alcohol. Wool-grease m a y be r e f i n e d a n d saponifted t o y i e l d
a c o m p l e x m i x t u r e o f a l c o h o l s , d i o l s , a n d sterols. Due t o
the high cost o f p u r i f i c a t i o n , this m i x t u r e is c a l l e d
" l a n o l i n " a n d u s e d for c o s m e t i c s a n d s y n t h e s i s o f e m u l -
sifters. A d d i t i o n a l m o d i f i c a t i o n s u c h as ethoxylation pro-
d u c e s a m i x t u r e w h i c h i s e a s i e r to h a n d l e a n d b l e n d w i t h
o t h e r c o m p o n e n t s .

Reduction of natural esters. S t a r t i n g w i t h B o u v e a l t a n d
B l a n c in the e a r l y 1900s, a specific c h e m i s t r y a n d t e c h -
n o l o g y h a s b e e n d e v e l o p e d for the r e d u c t i o n o f n a t u r a l a n d
s y n t h e t i c e s t e r s to the c o r r e s p o n d i n g alcohols. C o m m o n
s t a r t i n g materials are t a l l o w , l a r d , c o c o n u t oil, p a l m k e r n e l
oil, c a s t o r oil, s p e r m oil, a n d fish oil. While the f a t t y acid
p o r t i o n o f e s t e r s is usua l ly a r a n d o m m i x t u r e of c a r b o n
c h a i n l e n g t h a n d d e g r e e o f u n s a t u r a t i o n , nevertheless
f a i r l y u n i f o r m b l e n d s o f f a t t y a l c o h o l s are p r o d u c e d from
t a l l o w a n d c o c o n u t oil.

Sodium reduction. This p r o c e s s is a variation o f h y d r o -
g e n o l y s i s w h e r e h y d r o g e n is o b t a i n e d from the reaction o f
s o d i u m o n alcohol. This p r o c e s s h a s b e e n completely
r e p l a c e d in the U.S. by a catalytic h y d r o g e n a t i o n , w h i c h i s
c h e a p e r a n d m a k e s a p u r e r p r o d u c t . The b e n e f i t o f m a k i n g
u n s a t u r a t e d a l c o h o l s by s o d i u m r e d u c t i o n is partially
n e g a t e d by s p e c i f i c h y d r o g e n a t i o n catalysts that are a b l e t o
l e a v e d o u b l e b o n d s to a l a rge e x t e n t .

High pressure hydrogenolysis. The t w o c o m p a n i e s that
p r a c t i c e high p r e s s u r e h y d r o g e n o l y s i s are A s h l a n d C h e m i c a l
C o m p a n y a n d The P r o c t e r a n d G a m b l e C o m p a n y . . A s h l a n d
uses n a t u r a l oil f e e d s t o c k s s u c h a s t a l l o w a n d r a p e s e e d oil,
y i e l d i n g s a t u r a t e d C 16 a n d C 18 alcohols, a n d u n s a t u r a t e d
o l e y l alcohol. In f a c t , A s h l a n d i s the only r e m a i n i n g
p r o d u c e r o f o l e y l a l c o h o l in the U n i t e d States. Their p l a n t
c a p a c i t y i s e s t i m a t e d at 2 0 , 0 0 0 , 0 0 0 l b . o f a C14-C22 r a n g e
o f p r o d u c t s . The P r o c t e r a n d G a m b l e C o m p a n y h a s t h r e e
h y d r o g e n o l y s i s p l a n t s that s t a r t w i t h m e t h y l e s t e r s d e r i v e d
from c o c o n u t oil a n d t a l l o w . The I v o r y d a l e a n d S a c r a m e n t o
p l a n t s use c o c o n u t oil a n d have a capacity o f 25 a n d 100
m i l l i o n l b . / y r , respectively, o f c o c o n u t alcohols. H o w e v e r ,
t h e o u t p u t in 1976 was only 25,000,000, o r a 21%
operation r a t e . T h e i r K a n s a s City p l a n t p r o d u c e d
6 5 , 0 0 0 , 0 0 0 l b . t a l l o w a l c o h o l in 1 9 7 0 , ( p l a n t c a p a c i t y
100,000,000). F o r m a t i o n o f m e t h y l e s t e r s from trigiy-
c e r i d e s is s h o w n b e l o w :

C3H5(OOCR)3 + CH3OH CH3ONa~ 3RCOOCH3 + C3H 5 (OH)3
triglyceride methanol ester glycerol

H y d r o g e n a t i o n p r o c e s s e s use c a t a l y s t s s u c h a s c o p p e r
c h r o m i t e , n i c k e l o r c o p p e r c a r b o n a t e s , o r c o p p e r a n d
c h r o m i u m o x i d e s . G e n e r a l o p e r a t i n g c o n d i t i o n s are 200-
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300 a tm. p r e s s u r e a n d 200-300 C. The overall r e a c t i o n i s
q u i t e s i m p l e , a l t h o u g h p u r e reactants are n e c e s s a r y f o r g o o d
y i e l d s . Y i e l d s o f p u r i f i e d a l c o h o l s f r o m b o t h processes are
ca. 90-95%, b a s e d on s t a r t i n g triglyceride. Catalytic h y d r o -
g e n a t i o n i s f a v o r e d commercially over s o d i u m r e d u c t i o n in
that it p r o d u c e s a more s a t u r a t e d alcohol, a n d a t l o w e r
o p e r a t i n g c o s t .

Synthetic Sources
S i n c e the 1 9 5 0 s , the c h e m i c a l i n d u s t r y in the U n i t e d

S t a t e s h a s t a k e n a m a j o r t u r n in t h e d i r e c t i o n o f synthetic
o r p e t r o l e u m s o u r c e s for m a n u f a c t u r e o f h i g h e r alcohols.
T h e s e p r o c e s s e s are d e s c r i b e d in the f o l l o w i n g s e c t i o n .

Aldol condensation. A l d e h y d e s o r k e t o n e s with a
h y d r o g e n a t o m on the c a r b o n a d j a c e n t to the c a r b o n y l
g r o u p can be c o n d e n s e d to/3-hydroxy a l d e h y d e s o r k e t o n e s ,
respectively. D e h y d r a t i o n , f o l l o w e d by catalytic h y d r o -
g e n a t i o n , then f o r m s the a l c o h o l . F o r e x a m p l e , a c e t o n e i s
c o n d e n s e d to j3-hydroxy k e t o n e , w h i c h i s then d e h y d r a t e d
t o m e s i t y l o x i d e , a n d h y d r o g e n a t e d t o m e t h y l i s o b u t y l
c a r b i n o l . U n i o n Carb ide Corporation h a s p l a n t c a p a c i t y for
5-10 million l b . / y r , a n d p r o d u c e s s e c o n d a r y a l c o h o l s w i t h
12 , 14 , a n d 17 c a r b o n s .

Oxo (hydroformylation) reaction. I n general, an o l e f i n is
r e a c t e d w i t h c a r b o n m o n o x i d 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 catalyst a n d u n d e r h i g h p r e s s u r e :

2RCH = CH2 + 2CO + 2H2 high pressure , RCH2CH2COH
catalyst +RCH(CHO)CH3

The a l d e h y d e m i x t u r e p r o d u c e d previously is r e d u c e d
w i t h h y d r o g e n to the c o r r e s p o n d i n g alcohols. C o m m e r -
c i a l l y , each m a n u f a c t u r i n g p r o c e s s uses un ique t e c h n o l o g y
in t e r m s o f catalyst, p r o c e s s c o n d i t i o n s , b y p r o d u c t f o r m a -
tion a n d purification.

Single state process. A s p e c i a l p r o c e s s from S h e l l
Development C o m p a n y converts o l e f i n s t o a l c o h o l s in o n e
s t e p . This i s p o s s i b l e by m e a n s o f a m o d i f i e d oxo c a t a l y s t is
w h i c h one c a r b o n y l l i g a n d i s r e p l a c e d by a trialkylphos-
p h i n e l i g a n d ; n a m e l y , H C O ( C O )3 P R 3 .

R

R C H ~ C H R + CO + H2 catalyst, RCH2OH + R C H C H 2 O H
olefin n-alcohol 2-alkyl alcohol

With l i n e a r o l e f i n s as starting material, the n o r m a l t o iso
r a t i o c a n be as high a s 9 0 : 1 0 for plasticizer r a n g e p r o d u c t s ,
a n d h i g h e r w e i g h t olefins y i e l d a 7 5 : 2 5 r a t i o in d e t e r g e n t
alcohols.

Two state process. Most o x o p l a n t s wor ldwide p r o d u c e
a n i n t e r m e d i a t e a l d e h y d e w h i c h is i s o l a t e d , p u r i f i e d , a n d
then h y d r o g e n a t e d . C a t a l y s t is usua l ly a c o b a l t h y d r o -
c a r b o n y l w h i c h i s n o t m o d i f i e d by o t h e r l i g a n d s a s in t h e
case o f the one-step p r o c e s s d e s c r i b e d a b o v e . R e d u c t i o n t o

p r a c t i c e in the U n i t e d S t a t e s h a s b e e n the p r o d u c t i o n o f
i s o t r i d e c y l a l c o h o l from d o d e c e n e ( p r o p y l e n e tetramer).
The n-to iso-ratio o f alcohols p r o d u c e d is l o w e r than w i t h
t h e one-step p r o c e d u r e .

The Ziegler Process. Here we p r o d u c e straight c h a i n
n o r m a l alcohols by a d d i t i o n of ethylene to triethylalu-
rninum. In v a r i o u s s t e p s , t r i a l k y l a l u m i n u m is f o r m e d , w h i c h
i s converted to the c o r r e s p o n d i n g a l u m i n u m a l k o x i d e by
a i r o x i d a t i o n . H y d r o l y s i s then l e a d s t o a m i x t u r e o f l i n e a r
p r i m a r y alcohols. Z i e g l e r t e c h n o l o g y h a s l e d to t w o com-
m e r c i a l processes. Continental Oil C o m p a n y s u p p l i e s
" A l f o l " a l c o h o l s with a wide s p e c t r u m o f carbons. Their
e s t i m a t e d p l a n t c a p a c i t y in 1978 is 220,000,000 l b . / y r .
E t h y l Corporation h a s a s i m i l a r p l a n t capacity o f
2 2 5 , 0 0 0 , 0 0 0 lb. but is able to m a x i m i z e p r o d u c t i o n o f
l a u r y l a n d myristyl alcohols. E t h y l s e l l s t h e i r alcohols u n d e r
the " E P A L " t r a d e n a m e .

Paraffin oxidation. Liqu id p h a s e o x i d a t i o n o f paraffins
was s t u d i e d by G e r m a n chemists in 1928 a n d m a n u f a c -
t u r i n g improvements m a d e by R u s s i a n c h e m i s t s in the late
1 9 5 0 s .

CH3(CH2)× CH3 (0) ~. CHa(CH2)y CIH(CH2).Z CH 3
H3BO3

OH
paraffin secondary alcohol

U n i o n Carb ide Corporation has a p l a n t capacity o f
54,000,000 lb. for l i n e a r C l l - C15 s e c o n d a r y alcohols
w h i c h are s o l d u n d e r the " T E R G I T O L " n a m e . They use
very p u r e n o r m a l paraffins, a n d t h e r e b y virtually eliminate
b r a n c h e d chains. H y d r o x y l g r o u p s are l o c a t e d in a r a n d o m
m a n n e r o n all e x c e p t t e r m i n a l c a r b o n a t o m s .

Uses of higher alcohols. H i g h e r a l c o h o l s are u t i l i z e d in
several h u n d r e d s o f applications in the free form or as
derivatives. The f o l l o w i n g t a b l e p r e s e n t s data on U.S.
C o n s u m p t i o n o f Detergent-Range A l c o h o l s in 1970.

TABLE IV

U.S. Consumption of Detergent-Range Alcohols - 1970 a

Consumption
Free alcohol Carbon no . range mm lb./yr

Alcohol derivatives C 12-C22 44

Sulfuric acid esters C12-C18 115
Carboxylic acid esters C12-C20 80
Phosphorus acid esters C 12"C18 4
Alkyl ethers C11"C20 185
Alkyl halides C 12"C18 10
Nitrogen derivatives C t 2-C18 4

442

aTaken from Chemical Economics Handbook, Revision of 1973.
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