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Fatty Alcohols 
GLENN R. WILSON, Ethyl Corporation, Research Laboratories, Ferndale, Detroit, Michigan 

T I I R O U G H  an oversight, deliberate or accidental, 
Nature  has left  a ra ther  wide gap in the oxida- 
tive chain f rom hydrocarbon to fa t ty  acid. Com- 

pared  with the ahnost unlimited quantit ies of hydro- 
carbons and f a t ty  acids available, the f a t t y  alcohols 

are found in ra ther  limited 
quantities, occurring in the 
f r e e  or  combined state 
only in certain a n i m a l ,  
v e g e t a b l e ,  and mineral  
waxes. Even in these, cer- 
tain members  of the homol- 
ogous, series of f a t ty  aleo- 
hols are c o n s p i c u o u s l y  
absent, or present  only in 
extremely small quantities. 

As early as 1883 (1) re- 
searchers were a t tempt ing  
to fill these gaps in the ho- 
mologous series of f a t ty  al- 
cohols b y  t e d i o u s  a n d  
many-step syntheses, which 
were complicated by undo- 
sirable side reactions and 

G.  R .  W i l s o n  very low yields. The first 
s a t i s f a c t o r y  labora tory  

synthesis of f a t ty  alcohols, s tar t ing with readily avail- 
able raw materials,  was discovered in 1903 by  Bou- 
veault  and Blanc (2). Their  procedure utilized the 
combined reductive action of sodium and ethanol 
toward an ester grouping, according to Equations 
1 and 2. 

O 
II 

R--C--OR' + 4N~ + 2R"OI-[ ------~ 
RCH~ONa + R'ONa + 2PJ'ONa (1) 

RCII=,ONa + R'ONa + 2R"ONa + 4H,.,0 --> 
RCH~OH + IVOH + 2R"0H + 4NaOH (2) 

Bouveault  and Blanc 's  discovery remained a labo- 
ra tory  procedure for  some 30 years. Near  the end of 
this period, in the 1930's, a second and equally im- 
por tan t  reduetive process for  the prepara t ion  of f a t ty  
alcohols was d i s c o v e r e d - -  hydrogenolysis (3). This 
method involves the high-temperature,  high-pressure 
reduction of f a t ty  acids, esters, or salts with hydrogen 
in the presence of a catalyst  as in Equat ion 3. 

O 

R--C--OH + 2H~ -> RCH:OH + H20 (3) 
catalyst 

Modified and improved, these two processes consti- 
tute the two major  industr ial  methods for  the current  

production of f a t t y  alcohols used in the preparat ion 
of synthetic detergents. A th i rd  method, not as im- 
por tan t  tonnagewise, is the alkaline saponification of 
sperm oil, whieh yields a mixture  of eetyl, stearyl, 
and oleyl alcohols. Present  annual  product ion of 
f a t ty  aleohols (by  sodium reduetion and hydrogenoly- 
sis) is est imated at 130 million pounds, with the so- 
dium-reduction route accounting for near ly  80% of 
this total. 

H y d r o g e n o l y s i s  versus  S o d i u m  Reduct ion  

Since details for  the p repara t ion  of f a t t y  alcohols 
b y  hydrogenolysis or sodium reduction are found in 
the chemical and patent  l i terature (4, 5), only the 
basic fundamenta ls  of operat ion will be presented 
here, to point out differences, special problems that  
exist, and their  solutions. 

The Sodhtm-Reduction Process. The basic steps of 
the sodium-reduction process are d iagrammed in Fig- 
ure 1. All operations are condueted at atmospheric 

8tea Solvl~l ~ g t ,  y 

hlao~l 

FI(~. 1. P r o c e s s  flow shee t  e s t e r  r e d u c t i o n  un i t .  

pressure in. conventional mild-steel reactors. A solu- 
tion of ester, reducing alcohol, and solvent (in the 
correct proport ions)  is fed into a reactor containing 
metallic sodimn suspended in a solvent ( inert  to so- 
dium).  An exothermic reaction occurs, yielding a so- 
lution of sodium aleoholates. This solution of aleo- 
holates is then fed into a r eac to r  containing water,  
result ing in hydrolysis  of the alcoholates and the for- 
mation of a two-phase sy s t em- -an  organic layer  (con- 
sisting of solvent, reducing alcohol, and f a t ty  alcohol) 
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a n d  an  aqueous  caust ic  l a y e r  ( c o n t a i n i n g  g lyce r ine  or 
o ther  wa te r - so lub le  alcohols,  d e p e n d i n g  u p o n  the t y p e  
of es ter  used  in the  r a w  m a t e r i a l ) .  The  caus t ic  l a y e r  
is s epa ra t ed ,  a n d  the  f a t t y  alcohol  is r ecove red  f rom 
the o rgan ic  l a y e r  b y  r emov ing  the  solvent  a n d  the  
r e d u c i n g  alcohol.  

I n  the  p a s t  there  have  been  severa l  ob j ec t i ona b l e  
f ea tu re s  to the  s o d i u m - r e d u c t i o n  p rocess ;  however  
these have  now been b y - p a s s e d  or  overcome. F o r  in- 
stance, the  r ecove ry  of g lyce r ine  f rom caus t ic  solu- 
t ions (which  resu l t s  f r om the r e d u c t i o n  of  g lyce r ide  
es ters)  is e l im ina t ed  b y  one of the  fo l lowing  modifi-  
ca t ions  : 

1. l%t-splitting to recover the glycerine and subsequent re 
esterification of the free fatty acids with a monohydric 
McohoI--preferably the same alcohol used as a reducing 
alcohol, Equations 4 and 5. 

O 0 
II I[ 

(R--C--O)~C!~tt5 d- 3H_~O----~ 3R--C--OIl d 2 C.~H~O~.~ (4) 

O 0 
I1 II 

3R--C--OH -[- 31%'Oit----~ 3R--C--OR,' -{- 3H20 (5) 

2. Transesterification of the glyceride esters with a re°n° 
hydric alcohol (preferably the reducing alcohol) and re- 
covery of the glycerine prior to the reduction step. An 
exampte is the transesterification of tallow with methyl 
isobutyl carbinol. A mixture of one equivalent of tallow, 
3.2 equivalents of methylisobutyl carbino], and 0.2 equiv- 
alent of the sodium salt of methylisobutyl carbinol is 
maintained at the reflux temperature of the carbinol for 
one hour. At the end of the reflux period the Mkoxide 
catalyst is neutralized with acid and the glycerine washed 
from the organic layer. Recovery of glycerine is 95-98% 
of the theoretical yield. The advantage of this modifica: 
tion is that the newly formed ester need not be isolated. 
The transesterification mixture is reduced directly since it 
contains excess of reducing alcohol in the correct propor- 
tion for reduction. 

3. The recovery of glycerine from a neutral solution, follow- 
ing the reduction step, can be effected by utilizing the 
Emery modification (6). This nmdification involves the 
addition of urea to the mixture of sodium alkoxides which 
remflts from the reduction of the ester. The urea reacts 
with the sodium alkoxides to yield alcohols, ammonia, and 
sodium cyanate, according to Equation 6. This reaction 

O 
El 

I%ON~-t- NH~--C--NH.o---+ ROH d- NHs q- NaO©N (6) 

proceeds very slowly however, and this modification has 
not yet been commercialized, pending the development of 
a market for sodium cyanate. 

A second ob j ec t i onab l e  f e a t u r e  of the  sod ium-re -  
duc t ion  process  has  been  the f o r m a t i o n  of r a t h e r  
s tab le  emuls ions  wheneve r  the  so lu t ion  of a lkox ides  is 
hyd ro lyzed .  These emuls ions  m a y  be b r o k e n  effec- 
t i ve ly  b y  va r ious  techniques ,  such as  a d d i n g  me thano l  
or  ce r t a in  phenol ic  compounds  (7)  to  the  emulsions,  
or  b y  i n c r e a s i n g  the  r a t io  of r e d u c i n g  alcohol  to 
solvent  (8) .  

The Hydrogenolysis Process. Discovered  in  the  
1930's,  the  h y d r o g e n o l y s i s  of f a t t y  acids,  t h e i r  esters ,  
or  the i r  me ta l l i c  sa l ts  to  y i e l d  f a t t y  alcohols  p r o b a b l y  
has  one of the  mos t  t h o r o u g h  p a t e n t  coverages  of a n y  
commerc ia l  processes.  The  o r ig ina l  process  employed  
a s imple  copper  ch romi te  ca t a ly s t  a n d  r e l a t i v e l y  fixed 
cond i t ions  of t e m p e r a t u r e  and  p r e s s u r e ;  the  combina-  
t ions a n d  p e r m u t a t i o n s  of  ca t a ly s t s  a n d  condi t ions  
since deve loped  a re  too n u m e r o u s  a n d  complex  to dis- 
cuss here  (9-18) .  I n  genera l ,  the  condi t ions  v a r y  f rom 
100-200 a t m o s p h e r e s  of p r e s su re  a n d  200-350°C. al-  
t hough  t h e r e  a re  s t a t emen t s  in  t he  l i t e r a t u r e  to the  

effect tha t ,  a t  above  300°C., h y d r o c a r b o n  f o r m a t i o n  
takes  p lace  (19) .  The p r o d u c t  alcohols  f r o m  hyd ro -  
genolys is  a r e  p r e d o m i n a n t l y  s a tu ra t ed ,  r e ga rd l e s s  of 
the  u n s a t u r a t i o n  of the  r a w  m a t e r i a l s ;  however ,  b y  
p r o p e r  select ion of ca t a ly s t s  or  ca t a ly s t  combina t ions ,  
i t  is. poss ib le  to p r o d u c e  f a t t y  alcohols  f r o m  unsa tu -  
r a t e d  r a w  m a t e r i a l s  t h a t  r e t a i n  a p o r t i o n  of t h e i r  
o r ig ina l  u n s a t u r a t i o n  (20) .  

The c u r r e n t  p r o d u c t i o n  of f a t t y  alcohols  b y  hyd ro -  
genolys is  has  been  l i m i t e d  chiefly to use of the  De- 
N o r a  Process  (21) .  Th is  p rocess  u t i l izes  a coppe r  
ch romi te  c a t a l y s t  a n d  a f a t t y - a c i d  feed  s tock conta in-  
i ng  less. t h a n  6% oleic acid.  The f eed  is p r e h e a t e d  to  
304°C. a n d  fed,  t oge the r  w i th  p o w d e r e d  c a t a l y s t  a n d  
p r e h e a t e d  h y d r o g e n ,  to the  bo t t om of an  e l ec t r i ca l ly  
hea ted  h igh -p re s su re  r eac t i on  chamber .  The  r eac t ion  
takes  p lace  a t  335'-338°C. a n d  3,500 p.s.i. W h e n  the  
h y d r o g e n  a b s o r p t i o n  has  slowed, the  b a t c h  is dis- 
c h a r g e d  a n d  f i l t e red  to remove  the  ca ta lys t .  The  al- 
cohols a re  pu r i f i ed  b y  d i s t i l l a t ion .  

A l t h o u g h  h y d r o g e n o l y s i s  can ut i l ize  a w i d e r  v a r i e t y  
of r a w  m a t e r i M s - - f a t t y  acids,  the i r  esters,  o r  t h e i r  
meta l l i c  s a l t s - - t h a n  the  sod ium method  (which  is re- 
s t r i c t ed  to e s t e r s ) ,  i t  a lso has  ce r t a in  l i m i t a t i o n s  a n d  
d i s advan tages .  F o r  ins tance ,  a l t hough  g l y e e r i d e  es- 
t e r s  a rc  r e a d i l y  r e d u c e d  to f a t t y  alcohols,  the  g lycer -  
ine is  lost  t h r o u g h  f o r m a t i o n  of p r o p y l e n e  glycol ,  wa- 
ter ,  etc. (22) .  F o r  economic reasons  t he r e fo re  glyc-  
e r ine  r ecove ry  is necessa ry  p r i o r  to r e d u c t i o n  a n d  is 
effected b y  sp l i t t i ng ,  t r anse s t e r i f i c a t i on ,  or  convers ion  
to soaps.  The h y d r o g e n o l y s i s  of f a t t y  ac ids  u s u a l l y  
yields, a cons ide rab le  q u a n t i t y  of esters,  f o r m e d  b y  
es te r i f ica t ion  of the  f a t t y  ac ids  wi th  the  f a t t y  alcohols  
b e i n g  p roduced .  This  u n d e s i r a b l e  s ide r eac t i on  is 
r e m e d i e d  to  a c e r t a i n  ex t en t  b y  i n c o r p o r a t i n g  spec ia l  
p r o m o t e r s  o r  modi f ie rs  in  the  ca ta lys t .  The  f o r m a t i o n  
of h y d r o c a r b o n s  (a  side r eac t i on  of h y d r o g e n o l y s i s )  
is u n d e s i r a b l e  i f  the  alcohols  a re  to be used  fo r  the  
p r e p a r a t i o n  of syn the t i c  de t e rgen t s  s ince a h y d r o -  
ca rbon  con ten t  g r e a t e r  t h a n  1% a d v e r s e l y  affects 
t h e i r  p e r f o r m a n c e .  

E c o n o m i c s  o,f S o d i u m  Reduct ion  and 
H y d r o g e n o l y s i s  

The m a j o r  s teps  invo lved  in  bo th  r e d u c t i o n  proc-  
esses a re  o u t l i n e d  in  F i g u r e  2. M a t e r i a l  ba l ances  fo r  
the  two processes  a re  t a b u l a t e d  in  Tab le  I ,  a n d  the  

I. S(~II/M RI~D~TTON . .~I~. ~/IIROGENOL~ 

IHy .......... I 

I 
............ l I ........... l 

1 1 
Fro. 2. Comparison of basic steps of sodium reduction and 

hydrogenolysis. 
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labor and utility requirements are summarized in 
Table II. 

Availability of equipment, hydrogen, and choice of 
plant location complicate calculating comparative in- 
vestment requirements. However it is estimated that 
a bare hydrogenolysis plant, exclusive of hydrogen 
generation facilities, probably requires two or two 
and one-half times the bare plant investment for a so- 
dium reduction plant. A complete 30-million-pound- 
per-year sodium-reduction plant, including transester- 
ification and all necessary storage facilities, is 
estimated to cost $2.5 million. 

T A B L E  I 

E s t i m a t e d  R a w  M a t e r i a l  Consumpt ion  
(Mi l l ions  o~ P o u n d s  Pe~ Y e a r )  

Sod ium Reduc t ion  a Hydrogeno lys i s  b 

To  T r a n s e s t e r i f i c a t i 0 n  
H y d r o g e n a t e d  t a l low . 37 .5  

M e t h y l i s o b u t y l  ea rb ino l  . 83 .4  
To luene  . . . . .  37 .5  
Sodium ca ta lys t  . . 0 .3  
H y d r o c h l o r i c  a.cid . . 0 .45  

F r o m  T r a n s e s t e r i f i e a t i o n  
Mei;hylisobutyl 

ca rh iuo l  es ter  . . . 4 5 . 5  
Glyce r ine  . . . . .  3.5 
Methyl isobutyl  ca rb ino l  . 55.6  
To luene  . . . . .  37 .5  

Feed  to Reduc t ion  
Methyl i sobuty l  ca rb ino l  . 55 .6  
To luene  . . . . .  37 .5  
Sod ium . . . . .  12 .6  
Methyl i sobuty l  

ea rb ino l  es ter  . . 45 .5  
E n d  P r o d u c t s  

H y d r o g e n a t e d  
ta l low alcohols . 30 

Sod ium hydrox ide  21 .6  
B, esidu~s a n d  Losses 

Methyl isohutyl  ca rb ino l  0 .3  
To luene  . . . . . .  0.3 
l~esidues . . . . .  3 .4  

To F a t  Sp l i t t e r  
Ta l l ow  . . . . . .  38 .5  
W a t e r  . . . . . . .  16 

F r o m  F a t  Sp l i t t i ng  
F a t t y  ac ids  . . . . .  35 
Glycer ine  . . . . .  4 
W a t e r  . . . . . .  15 .5  

Feed  to. H y d r o g e n o l y s i s U n i t  
F a t t y  acids  . . . . .  35 
H y d r o g e n  . . . . .  0.9 
Ca ta lys t  . . . . . .  0.6 

E n d  P r o d u c t s  
H y d r o g e n a t e d  

t a l low alcohols 30 
S p e n t  ca ta lys t  . . . . .  0 .6  

l%esidues and Losses 
Hydroca rbons ,  etc. 4 .0  

a In the  sod ium r e d u c t i o n  process ,  a convers ion  of 9 8 %  for  t r an s -  
es te r i f ica t ion  w i t h  9 0 %  g lyce r ine  recovery ,  and  a 9 2 %  yie ld  of fa t ty  
alcohols a re  a s s u m e d - - a n  over-~all y ie ld  of 90'%. 

b The  yield of f a t ty  ac ids  a n d  g lyce r ine  by f a t  sp l i t t ing  is  a s sumed  to 
be 9 6 % ,  and  the  yield upon  hydrogenolys i s  is 9 0 % ,  r e s u l t i n g  in  an  
over-al l  yield of 8 6 . 5 % .  

T A B L E  I I  
L a b o r  a n d  U t i l i t y  R e q u i r e m e n t s  

Es t .  L a b o r  I{equ i rements  for  30  MM. lbs. A lcoho l s /Yea r  

Sod ium R e d u c t i o n  Hydrogeno ly s i s  

O p e r a t i n g  labor  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10 m e n / s h i f t  6 m e n / s h i f t  
R e p a i r l a b o r  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  15 m e n  to ta l  20 men to ta l  
Supe rv i s ion  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6 men  to ta l  6 men  to ta l  

U t i l i t i e s  p e r  1 ,000  pounds  of Alcohols 

S team . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6 , 0 0 0  pounds  
W a t e r  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6 3 , 0 0 0  gal lons  
E l ec t r i c i t y  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  20  K W H  

1 ,000  pounds  
2 , 0 0 0  ga l lons  
1 ,000  K W H  

The raw material cost for tallow alcohols is slightly 
higher for the sodium-reduction process for two rea- 
sons: a) the higher cost of sodium as compared to 
hydrogen; and b) the higher cost of hydrogenated 
tallow as compared to tallow. The cost difference is 
partially offset by the cost of hydrogen--if  purchased 
- -and  by the cost of the hydrogenolysis catalyst. The 
economic data for hydrogenolysis estimates (Tables 
I and II) are based upon the description of the De- 
Nora process published by the Lummus Company 
(21) .  

From Table I I  it is apparent that actual differences 
in production costs for the two processes are small, 
and, assuming that a product of proper quality can be 
produced by both processes, the ultimate choice will 
depend upon the chosen rate of pay-out. High tax 
rates and short pay-out times favor the sodium-reduc- 
tion process. Lower tax rates and  longer pay-out 
times favor hydrogenolysis. The advantages of each 
process are summarized in Table III. It  seems rea- 

sonable to conclude that both processes will continue 
to find their place in the future development of the 
detergent industry. 

T A B L E  I I I  
P r i n c i p a l  F e a t u r e s  of F a t t y  Alcohol Processes  

A d v a n t a g e s  of Sod ium l%eduction A d v a n t a g e s  of Hydrogeno lys i s  

1. Ca~ produce  both s a t u r a t e d  1. Uses  cheape r  r a w  m a t e r i a l s  
and  u n s a t u r a t e d  alcohols  2. H a s  a w i d e r  choice of 

2. L o w e r  i n i t i a l  i n v e s t m e n t  su i t ab le  feedstocks  
3. S imple r  ope ra t ion  a n d  3. H a s  a w i d e r  choice of 

m a i n t e n a n c e  su i t ab le  locat ions  
4. S u p e r i o r  qua l i t y  p r o d u c t s  

The Fatty Alcohols, Properties, and Uses 
Properties. The fatty alcohols resemble their fatty- 

acid analogs in many physical aspects, ranging from 
liquids to solids at room temperature. Being less as- 
sociated than the corresponding fatty acids, the fat ty 
alcohols possess slightly lower boiling points, as illus- 
trated in Figure 3. 
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FIG.  3 .  B o i l i n g  p o i n t s  a t  7 6 0  m m .  

The even-numbered homologous series of fat ty al- 
cohols are readily separated from each other by frac- 
tional distillation at reduced pressures. However, like 
their fatty-acid analogs, the separation of saturated 
and unsaturated fatty alcohols of equal chain length, 
by fractional distillation, is not feasible. Other tech- 
niques such as pressing, fractional crystallization, 
and urea-complex formation (23) must be resorted 
to for satisfactory separations. 

Like their lower-molecular weight homologs, the 
fatty alcohols undergo all the reactions typical of the 
aliphatic hydroxyl group. 

Uses of Fc~tty Alcohols. The fat ty alcohols per se 
have many desirable properties that find applications 
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in numerous fields. For example, the fruity odors of 
the Cs-CI.~ alcohols make them valuable as perfume 
and cosmetic additives. (26, 27). 

The emollient properties of the C,6 and C,s alcohols 
are utilized in the formulations of shaving creams, 
ointments, and cosmetics (28-39). The ability of fat ty 
alcohols to reduce stickiness, and tackiness in many 
oily and waxy formulations, necessary for the prepa- 
ration of carbon papers, cutting oils, hydraulic fluids, 
and lubricating oils, provides other markets (40). 
The fatty alcohols are also used as flotation and anti- 
foaming agents. 

Currently, the most impolCant of the fatty-alcohol 
derivatives are the sodium alkyl sulfates, a basis for 
many of the popular household detergents. The so- 
dium'alkyl sulfates derived from the C,2-C~s fatty al- 
cohols exhibit excellent detergency properties--the 
water .solubilities decreasing with increasing chain 
length (with the exception of sodium oleyl sulfate). 

Initially, the C,2 and C~4 alcohols (derived from the 
reduction of expensive coconut oil) were considered 
the most desirable for maximum detergency. Now 
however the expensive coconut oil fatty alcohols have 
been replaced, in part, by the C,6 and Cis saturated 
fat ty alcohols (derived from the reduction of rela- 
tively inexpensive tallow). Stirton and coworkers 
(41) have shown that sodium oleyl sulfate is a supe- 
rior detergent. The high oleyl alcohol content (45- 
50%) of unhydrogenated tallow alcohols represents a 
great potential raw-material source for the detergent 
field, provided that a satisfactory and economically 
acceptable method for sulfating the unsaturated al- 
cohols develops. 

The fat ty alcohols also provide a great potential in 
the field of non-tonics--especially the polyoxyethylene 
derivatives (42,43), prepared by the addition of 
ethylene oxide to the fatty" alcohols according to 
Equation 7. 

/ o \  

R--OH + n CH~--CH~----> R--(OCH~CH~) nOH (7) 

Certain high-molecular weight esters of fat ty alco- 
hols, for example, the polymethacrylate esters (Equa- 
tion 8) show promise as good pour-point depressants 
and viscosity-index improvers in the field of lubricat- 
ing oil additives (44). 

CHa CHa 

n c m = e  -----+ ( - c m - c  ). (s) 
I I 

COOR C,OOE 

The addition of fatty alcohols to acetylene (Equa- 
tion 9) yields, vinyl ethers that can be polyInerized to 
polyvinyl ethers (45). These polyvinyl ethers offer 
certain properties that make them desirable as lubri- 
cating-oil additives. 

n R- -OH + n HC--=CH - - -+  n ROCH~CH2 - - ~  
--(--CH--CH2--). (9) 

I 
OR 

The unsaturated fatty alcohols, such as oleyl, lino- 
leyl, and ]inolenyl, are readily prepared by sodium 
reduction. The bifunctional nature of these unsatu- 
rated alcohols provides a basis for synthesizing poly- 
functional hydrocarbons, as the following examples 
illustrate. 

1. The epoxidation of oleyl alcohol with per acids (46) fol- 
lowed by ring opening (Equat ion 10) provides a con- 

venient method for the preparat ion of polyhydroxy 
compounds. 

CHa (CH~) ~CH ~CH (CH:) ~0H ---+ 
/ o \  

CH, (OHm) ,CH--CH (CH2) 80H ---> 
OH OH 

CH~ (CH~) ~CH -- OH (CH2) 8OH ( 10 ) 

2. I)ihydroxy compounds are readily prepared by the for- 
mylation of oleyl alcohol with formic acid, catalyzed by 
per acids (47) according to Equation 11. 

HCOOH 
CH3 (CH~) 7CH~GH (CH2) sOH + 

HC~04 
OH OH 

r i 
Om(Ctt~)sCH(CH~)~OH + OHo(CI-I:)TCH(CH~)oOH (11) 

3. Branched-chain, polyhydroxy compounds are possibilities 
by application of the Prins reaction (48), according to 
Equation 12 and the Oxo reaction (49), according to 
Equation 13. 
CH~ (CH,-) ,C:H=CH (GH~) sOH -~ 

CH~ (CH.o) ,CH -- CH ( CH~ ) ~0H + 
I I 

OH CH2OH 
C H~ (CH~) 7CH--CH (CH~) ~0H ( 1 2 )  

I I 
H0--H2C OH 

CH~(Ot~) ,CH=0H(CH~)s0H + CO + 2H~------+ 
CII8 (Clio) ~CH (CH:) 90H + 

I 
CH,0H 

CH. (CH~) 80H ( CH=),OH (13) 
I 
CH=0H 

4. Conjugated, polyunsaturated alcohols are also possibili- 
ties. For  example, Pryde demonstrated tha t  the sodium 
reduction of menhaden oil (a polyunsaturated oil) yielded 
polyunsaturated alcohols containing a high percentage of 
conjugated double bonds (50). 

These are but a few examples of actual and pro- 
posed uses for fatty alcohol derivatives. The availa- 
bility of a wide variety of fat ty alcohols (saturated 
and unsaturated) provides an excellent field for ap- 
plication research and product development. 

Summary 

The two commercially important processes for the 
production of fatty alcohols (sodium reduction and 
hydrogenolysis) have been reviewed with respect to 
operations, types of alcohols obtainable, relative eco- 
nomics, properties and uses of the fat ty alcohols. 

The sodium-reduction process is. applicable to the 
reduction of saturated as well as unsaturated esters, 
and in the latter case the unsaturation of the raw ma- 
terials is preserved in the product alcohols. Hydro -  
genolysis, on the other hand, produces predominantly 
saturated alcohols, regardless of the unsaturation of 
the raw materials, except in instances where special 
catalysts are used. 

Hydrogenolysis has the advantages, of cheaper raw 
materials, wider choice of feed stocks, and wider 
choice of locations whereas sodium reduction is more 
flexible (permits production of both saturated and 
unsaturated fat ty alcohols), requires a lower initial 
investment, involves simpler operation and mainte- 
nance, and yields products of superior quality for 
detergent uses. 

The physical and chemical properties of fatty al- 
cohols have been reviewed briefly. 

While the largest current market for fatty alcohols 
lies in the field of detergent preparation, the unsatu- 
rated fat ty alcohols and their derivatives also have 
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many potential uses in the manufacture  of such other 
products as lubricant  additives, waxes, and wetting 
and emulsifying agents. Markets for these fa t ty  alco- 
hols depend upon the results of application research 
and product  development. 
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Dibasic Acids 
RICHARD G. KADESCH, Emery Industries Inc., Cincinnati, Ohio 

I N CONSIDEI~ING fats and oils as raw material  for  
chemical processing, we find that the production of 
dibasic acids is an important  par t  of this subject. 

Sebacic acid, a straight-chain 10-carbon acid, was the 
first dibasic acid produced from a fat  or oil source to 
become commercially significant. The t rea tment  of 

castor oil with alkali now 
accounts for  the produc- 
tion of about 20 million lb. 
of sebaeie acid per year. 
More recently azelaic acid, 
a straight-chain 9-carbon 
acid, went into commercial 
production. Azelaic acid is 
produced by the oxidative 
cleavage of oleic acid at its 
double bond by  means, of 
chromic acid or ozone. The 
t h i r d  d i b a s i c  acid pro- 
duced commercially from 
a fa t  or oil source is di- 
linoleie acid. This is pro- 
duced by  thermal dimeri- 
zation, utilizing the lino- 
leie acid content of vege- 

R. G. Kadesch table f a t ty  acids such as 
soya and eottonseed acids. 

Numerous other syntheses of dibasic aeids from 
fa t ty  sources have been described in the li terature.  

This review will emphasize the chemistry of these di- 
basic acids. Other dibasic acids, part icular ly the ali- 
phatic ones, will be included also for  comparison. 

Carboxylic acids are versatile materials, par t ly  by  
virtue of the var ie ty  of chemical reactions of which 
the earboxyl group is capable. The dibasic acids are 
unusually versatile because of their  two carboxyl 
groups. This enables many additional types of useful 
reactions, par t icular ly  the building of polymeric 
structures. The biggest uses today are the simple es- 
ters for plasticizers and ]ubrieants, the polyesters for 
eoatings and fibers, and the polyamides for eoatings, 
fibers, and plastics• 

The aliphatie dibasic acids va ry  considerably in 
their  physieal properties. The lower members are 
crystalline solids, very water-soluble and limited in 
solubility in organic solvents. As the chain length in- 
creases through the 6 to 10 carbon range, water-solu- 
bil i ty decreases (still sohlble in hot water) ,  and sol- 
vent solubility increases. Di-linoleic acid represents 
an extreme in being a viscous oil. 

Occurrence 

The lower aliphatic dibasic acids (C2-C6) occur 
more abundant ly  in nature than the higher aliphatie 
dibasic acids. Oxalic acid occurs as the potassium or 
calcium salt in several plants. Malonic, glutaric, and 
adipic acids occur in sugar beet. 8ueeinic aeid has 
been found in amber, turpent ine  oils, and various 


