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Trends 
I t  seems inevitable that  marine oils will be fu r the r  

exploited as raw materials  for fu r the r  chemical modi- 
fication. They form a unique source of long chain 
f a t ty  acids and alcohols, and it is quite possible that,  
by  separat ing the oils f rom different par ts  of the fish 
or animal  bodies more carefully, products  of great ly  
increased value will resul t ;  certainly this is a l ready 
true of the l iver oils. These marine oil products  re- 
acted with various chemicals should form interme- 
diates, such as olefins, amines, nitriles, halogenated 
compounds, and m a n y  others which are not available 
f rom other fa ts  and oils or f rom petroleum. Much 
research work must  be done to accomplish the possi- 
bilities tha t  exist in this field. 

Addit ional  regulation of the fishing indust ry  may 
be necessary to prevent  the extermination of some 
impor tan t  species. These must  be accompanied by  
fu r the r  studies of marine life to learn how to stem or 
reverse the migrat ion of some fishes away f rom the 
coastal areas of this country.  The fishing industry  is 
large and marine oil product ion is an impor tan t  phase 
of it. Continued research is destined to make it even 
more impor tan t  in the future .  
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A RELA~' I  VELY new source of inedible fa t ty  acids 
and of rosin is derived f rom southern pine. I t  
is tall oil, a mixture  of rosin and f a t ty  acids, 

which is obtained as a by-product  in the manufac ture  
of k ra f t  paper  by the sulfate process. I t  is the pur- 

pose of this pape r  to out- 
l ine the  g e n e r a l  m e t h o d  
used for  recovery of tall 
oil and to review the refin- 
ing and separat ion proc- 
esses which are used in the 
United States to convert 
tall oil into more valuable 
raw materials  for  the chen/- 
ical industry.  The produc- 
tion of tall oil in America 
has increased at a rapid 
rate dur ing the last 10 
years, according to figures 
of the Tall Oil Association 
(1) shown in F igure  1. 

The fast  growth of tall 
oil product ion f rom about 
50,000 tons in 1943 to 175,- 
000 tons in 1953 reflects 

Richard Herrlinger the technological advances 
achieved dur ing this period 

by both the producers  and the users of tall oil and 
tall oil products. Processing methods were devel- 
oped which now allow not only the product ion of 
products  of higher quali ty but also the substantial ly 
complete separat ion of tall oil into rosin and fa t ty  
acids. The paint  and varnish industry,  through the 
use of new polyfunct ional  alcohols, maleation, and 
styrenation,  has great ly  extended the uti l i ty of tall 
oil products  in surface coatings. New applications 
have developed in such fields as detergents and metal- 
lJc driers. 

A major  reason for  the growth of tall oil produc- 
tion is the economical and stable source of black 
liquor soap f rom which tall oil is made. Black liquor 
soap is derived as a by-product  dur ing recovery op- 
erations f rom digester liquors of the sulfate paper  
process as shown in F igure  2. 
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To produce paper  by the sulfate process, chips of 
pine wood are digested under  pressure with a solu- 
t ion of sodium hydroxide and sodium sulfide in order 
to free the cellulose f rom lignin and other wood con- 
stitutents.  Fats,  which are present  in wood, are hydro- 
lyzed dur ing this process and go into solution as 
soaps. Rosin and lignin are also converted to soluble 
sodium salts. Terpenes are volatized with the steam, 
released f rom the digesters, and condensed as crude 
sulfate turpent ine,  which is also recovered and con- 
sti tutes another  impor tan t  by-product  of the sulfate 
pape r  mills. 

Af te r  the digesting cycle is completed, the charge 
is blown into a blow-tank, the wood pulp is drained 
of its digestion liquor, washed in Oliver filters, and 
fu r the r  processed into paper.  The dilute dark  solu- 
tion, coming f rom blow-tank and filters, called black 
liquor, is then concentrated in multiple-effect evap- 
orators. 

At  some stage during the concentrat ion,  usually 
between the second- and third-effect evaporation, the 
liquor is allowed to cool in a tank  where the sodium 
salts of the f a t t y  and rosin acids separate  as a brown 
curdy mass, which is called black liquor soap or black 
liquor s o a p  skimmings. The liquor is concentrated 
fu r the r  and is finally burned in a furnace;  the valu- 
able alkali is recovered f rom the ash for  re-use in the 
process. 

The black liquor soap is skimmed off and pumped  
to the crude oil tanks for  conversion into tall oil. I t  
contains about 60% solids and yields about 50% crude 
tall 'oil on acidification. Fo r  each ton of pape r  pulp  
produced by the paper  mills, 80 to 200 lbs. of black 
liquor soap or 40 to 100 lbs. of tall oil can be ob- 
tained f rom the recovery liquors. The potential  
amount  of raw mater ia l  which is available f rom this 
source and which is constantly growing can be appre-  
ciated by examining the figures for  southern s ta tes '  
pulp  product ion as reported by the Tall Oil Associa- 
t ion (see F igure  3). 

At  present  only 50% of the available black liquor 
soap is being recovered so that  the present  potential  
is a l ready near ly  300,000 tons of crude tall oil per  
year.  The conversion of black liquor soap to crude 
tall  oil is i l lustrated in F igure  4. 
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Black liquor soap and sulfuric acid are reacted in 
a lead or brick-lined kettle. Live steam is used to 
cook and agitate the mass. Mechanical agitat ion may  
also be used. On settling', the reaction mixture  sep- 
arates into an uppe r  layer of l ight-brown tall oil and 
a lower layer  of a concentrated solution of sodium 
sulfate, which als0 contains water-soluble wood con- 
stituents. The sodium sulfate solution is drawn off 
and re turned to the alkali recovery liquors of the 
pape r  mill. 

The tall oil is then washed with sodium sulfate 
solution or water  to remove free sulfuric acid and 
finally allowed to settle in storage tanks to reduce 
the water  content to specifications. 

T A B L l f  I: 

A n a l y s i s  R a n g e  of  A m e r i c a n  C r u d e  T a l l  Oil  

A c i d  N o  ......................................................... : .153-170 
Sapon .  N o  ..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  167-178 
I o d i n e  No.  ( W i j s )  .......................................... 165-176 

Ros in  A c i d s ,  % .................................................. 35 - 50 
F a t t y  Ac ids ,  % .................................................. 41 - 59 
U n s a p o n i f i a b l e s ,  % ............................................ 6 -  9 
M o i s t u r e ,  % ........................................................ 0.2-1.2 

The analysis range and composition of American 
tall oil is given in Table I. I t  will be seen tha t  tall 
oil is essentially a mixture  of rosin acids and f a t ty  
acids. The composition of the fa t ty  acids in American 
tall oil has been determined by fract ional  distillation 
of the methyl  esters and spectrophotometric  analysis 
by Anderson and Wheeler  (2) and confirmed in our 
S tamford  Laboratories.  I t  is given in Table I I .  

The f a t t y  acids consist chiefly of a mixture  of oleie 
and linoleic acids. The sa tura ted  acids consist mainly  
of palmitie acid but  include minor  quantit ies of 
stearic and higher sa turated acids. There is also a 
minor  percentage of pahnitoleic acid, which is listed 
as oleic acid, and there are traces of dibasic acids. 

The unsaponifiables in tall oil consist ma in ly  of a 
mixture  of hydrocarbons,  long-chain alcohols, and 

TABLE I I  

Average Composition of Fat ty  Acids in American Crude Tall Oil 

Saturated Fat tyAcids,  % ... . . . . . . . .  
Oleic A c i d , %  ................................ 
Linoleie  A c i d , %  ......................... 
LinolenicAcid, % 

An4erson 
&Wheeler 

7 
45 
48 

None 

Amer ican  
Cyanamid  Co. 

6 
48 
45 

1 
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sterols, p r imar i ly  fl-sitosterol. The rosin acids of tall 
oil have been investigated by Har r i s  (3) and found 
to be substantial ly the same in composition as the 
rosin acids found in gum and wood rosins. 

Tall oil is therefore a very valuable source of ' both 
fa t ty  acids and rosin. Manufac turers  who use both 
materials  in products  such as paints and varnishes, 
flotation reagents, linolemn, and core oils have found 
crude tall oil a low-cost raw material .  I t  has found 
a large marke t  despite certain deficiencies such as 
dark color, woody odor, varying rosin content, and 
difficult handling' due to crystall ization of the rosin. 
A dependable supply  of black liquor soap has kept  
the price of crude tall oil fa i r ly  steady during the 
last eight years as seen in F igure  5. 
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This is in contrast  to the fluctuating prices for 
other inedible oils and for  rosin during' the same 
period of time. The price of tall oil, as compared to 
the much higher prices of f a t ty  acids and rosin, has 
inspired chemists and engineers to upgrade  tall oil 
products  and to a t t empt  its separat ion into rosin and 
f a t ty  acids. 

Since the beginning of this cen tury , .when tall oil 
was first discovered in Sweden, there have been 
hundreds of patents  issued and numerous papers  
published (4) which give test imony to the imagina- 
tion and resourcefulness which has been applied to 
these problems. 

Despite the many  ingenious schemes which have 
been proposed and tried, there are only a few proc- 
esses which have found technical application. Major  
processes current ly  p rac t iced  in the United States 
fall into the following three groups:  

Process P roduc t s  

Acid Refining 

Distillation 

Fractional :Distillation 
(A.) Part ial  Separation 

(B.) Complete Separation 

Refined tall oil (high viscosity, 
35-45% rosin acids) 

Distilled tall oil (low viscosity, 
20-32% rosin acids) 

Technical abietic acid (crystals, 
10% fat ty acids) 

Tall oil pitch 

Tall oil fa t ty  acids (5-20% rosin 
acids) 

Distilled tall oil (20-32% rosin 
acids) 

Rosin acids concentrate (25- 
40% fat ty acids) 

Tall oil pitch 

Tall oil fat ty acids (1-1.5% 
rosin acids) 

Tall oil rosin (1-3% fat ty acids) 
Tall oil pitch 

Acid-refining of tall oil is widely pract iced in the 
United States. Crude tall oil is dissolved in a low- 
boiling petroleum hydrocarbon and t reated with 10- 
15% concentrated sulfuric acid (5) in a lead-lined 
tank equipped with cooling coils. The tempera ture  
is p re fe rab ly  kept below 30 ° C. to minimize side reac- 
tions. The principal  effects are the precipi tat ion of 
color bodies and unsaponifiables in the form of a 
heavy black t a r  and a par t ia l  polymerization of the 
rosin acids. The clear, settled solution is washed first 
with a sodium chloride solution, then with water, 
and is finally s t r ipped free f rom the solvent which 
is re-used. 

The refined oil is lower in unsaponifiables, has a 
l ighter color, better  odor, and a much higher viscosity 
than the original crude tall oil. I t  has found a large 
market  in surface-coating products,  soaps, and deter- 
gents. 

The most successful methods for  purification and 
separat ion of tall oil are simple distillation and frac- 
tional distillation. Rosin, f a t t y  acids, and low-boiling 
unsaponifiables have sufficiently different vapor  pres- 
sures to allow their  separat ion f rom higher-boiling 
impurit ies (pitch) as well as f rom each other. 

Since l~oth rosin and f a t t y  acids are heat-sensitive 
and their  vapor  pressure s are low, high vacuum or 
vacmun with the addition of superheated steam is 
needed to keep the t empera tu re  low enough to pre- 
vent decomposition. The equipment  is therefore spe- 
cially designed to accomplish the desired results and 
may range f rom a still pot  or short  fraet ionation 
tower to a complicated mult iple-tower system. Vari-  
ous tower packings and bubble plates are used. 

Since tall oil is very corrosive at the high tempera-  
tures which are used in tall oil processing (150- 
300 ° C.), the finding of suitable materials  of con- 
struction for  towers, heat exchangers, and pumps  has 
been a ma jo r  problem to tall oil processors. This has 
now been largely solved by the availabil i ty of special 
corrosion-resisting alloys. Hea t  for  vaporizers and 
reboilers is usually supplied by Dowtherm, and ad- 
vantage is taken of heat exchangers to t ransfer  heat 
f rom the cofMensate to the feed. 

A typical  scheme for  simple distillation combined 
with rosin acids crystall ization is shown in Figure  6. 
In  this process crude tall oil is vaporized or flashed 
under  vacuum into a short  column or still pot, often 
equipped with some packing or a few plates to allow 
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separation of the more volatile heads and to prevent  
entrainment.  

A high-boiling residue, rich in unsaponifiables in- 
cluding sterols, flows as pitch from the bottom of 
the still while the mixture of rosin and fa t ty  acids 
distills. The distillate is essentially of the same rosin 
acid content but  of lower unsaponifiables content as 
the crude tall oil feed. I t  is passed into water-cooled 
crystallizers where rosin acids in excess of their  solu- 
bility crystallize. They are separated by centrifug- 
ing. The mother liquor containing about 36% rosin 
acids is usually redistilled to lower the rosin content 
and to lighten the color. One still is often used for  
both distillations. 

The rosin content of this type of distilled tall oil 
is usually held between 28-32%. I t  is of light color 
and similar to oil obtained with more elaborate frac- 
tionation equipment but contains more unsaponifi- 
ames and saturated fa t ty  acids than the fract ionated 
product. The consistency of tall oil pitch depends 
on the extent of stripping. I t  may va ry  from a thick 
dark-brown oil to a waxy balsam-like mass. The acid 
number also varies but is usually held between 50-100, 
depending on the efficiency of the equipment or cus- 
tomers '  requirements. 

Technical abietic acid is obtained as free-flowing 
white crystals containing about 10% fa t ty  acids. Be- 
cause of the large surface area of the crystals, oxida- 
tion takes place af ter  a short initiation period, the 
crystals tu rn  yellow, and their quality decreases un- 
less used within a relatively short time. For  this rea- 
son some tall oil distillers have modified their  equip- 
ment to avoid the production of abietic acid. This 
may be done by the addition of fraetionation plates 
or paeking to the distillation tower to allow the sep- 
aration of rosin and fa t ty  acids into two fractions, 
one containing less than 30% rosin aeids and one 
high in rosin acids, usually 60-70%. 

This type of separation is better  accomplished by 
employing a second fractionation tower which, if 
equipped with sufficient packing or bubble plates, 
will also allow the production of f a t ty  acids with a 
still lower rosin acids content. The scheme for this 
type of operation, which is also extensively used, is 
shown in Figure  7. 

Depending" on the design or operation of the frae- 
tionating columns, tall oil f a t ty  acids or distilled tall 
oil over a range of 5 to 30% rosin acids are obtained 
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from the top of the second column while a rosin acids 
concentrate containing 60-70% rosin is obtained from 
the bottom. Tall oil pitch and low-boiling heads are 
also removed. 

This system is an advance over simple distillation 
in that  it allows the production of fatty_ acids with a 
relatively low rosin content. However this affords 
only a part ial  separation because a considerable par t  
of the fa t ty  acids remain with the rosin, which is 
drawn off as the concentrate. 

These rosin acids concentrates have found some use 
in soaps and alkyd resins. Because they are obtained 
as thiek crystalline slurries, resembling honey, they 
are hard to handle. One produeer  has improved 
handling by controlling the erystallization during the 
cooling of the rosin acid concentrate fract ion so as 
to produce a mass of very fine crystals resembling 
maple sugar. Another  manufae turer  converts the 
rosin acids coneentrates, by chemical treatment,  into 
a thiek, non-crystallizing syrup. 

The problem of complete separation of tall oil into 
f a t ty  acids and into hard, vitreous rosin, comparable 
to gum and wood rosin, was finally solved by a more 
elaborate fractional  distillation process. This proc- 
ess, which was developed in the laboratories of the 
American Cyanamid Company, employs the newest 
fractional distillation techniques and equipment de- 
sign. I t  achieves the separation of tall oil into f a t ty  
acids with a rosin content as low as 1% and into 
rosin containing as little as 1% fa t ty  acids. This 
process is carried out on a large scale at the Panama 
City, Florida,  plant  of the Arizona Chemical Com- 
pany, a company joint ly owned by the American 
Cyanamid and Internat ional  Paper  Company. 

The scheme for  separation of tall oil into rosin and 
fa t ty  acids is shown in Figure  8. Crude tall oil is 
vaporized and passed into a fract ionat ing tower to 
remove high boiling constituents as tall oil pitch. The 
vapors of f a t ty  acids and rosin acids are passed into 
a second tower where they are fract ionated into fa t ty  
acids, containing 3-5% rosin aeids, which are removed 
overhead, and rosin eontaining 0-3% fa t ty  acids, 
which is drawn off the bottom of the tower. The 
over-all recovery as rosin and fa t ty  acids by this 
process is over 75%. Low-boiling constituents con- 
taining color and odor bodies are removed as heads; 
water vapor and non-condensable gases pass out of 
the tower. The fa t ty  acids on refract ionation yield 
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TABLE IlI 

Analysis of Typical American Tall Oil Products 

Void. 31 

Acid-Refined Tall  Oil 
Dist i l led 

Tall  
Low Vise. H i g h  Vise. Oil 

Color, Gardner .  9+  12 9 
Acid No ...... 167 158 190 
Sapon. No .  170 162 193 
Iod ine  No. ( W i j s )  143 162 164 
Ros in  Acids, % ................ 40.1 42.0 30.0 . 
Fatty Acids, % 52.7 50.5 68.6 
Unsaponif iables ,  vT~ 6.9 7.5 1.4 
~7iscosity, G a r d n e r  X-Y Z . +  D 

Tech. 
Abiet ic  

Acid 

182 
184 

89.0 
9.5 
1.5 

Tall  
Oil 

P i tch  

18 a 
63 

] lO  
138 

28 
31 
33 

Ros in  
Acids 
Cone. 

178 
184 

30 
8 

Tall  Oil Fa t ty  Acids 

Single  
F rac t iona t ion  

9 
189 
192 
138 

3.5 
92 5 

4.0 
A 

Ref rac t iona t ion  

6+ 
194 
196 
130 

1.0 
96.8 

2.2 
A 

Tall 
Oil 

Ros in  

~¥W c 
168 
176 

94.5 b 
1.5 
4.0 

a 1 0 %  in  benzene. 
b Inc ludes  ros in  esters and anhydr ides .  
c U. S. Ros in  S tandards .  

VACUU.M 

, j : 7  po.o oo, _ ........ I 

IP,TC.I  I ROS,N I 1 DIS[ TALL OIL 1 
TALL OIL COMPLETE FRACTINATION 

FIO.  8 

FATTY AGIDS 
I -S%ROS N 

a product  with a rosin content of 1-1.5% and an 
unsaponifiable content of 1.5-2.0%. A fraction con- 
taining about  30% rosin is withdrawn from a lower 
point on the tower as "dis t i l led tall oi l ."  

Table I I I  shows the analysis and composition of 
high quali ty products obtainable from the refining 
and distillation processes described. The pitch ob- 
rained in all distillation processes is essentially the 
same except for acid number and cousistency. Fa t ty  
acids differ mainly in rosin and unsaponifiable con- 
tent. 

Complete separation has produced fa t ty  acids 
which, due to their  low rosin and unsaponifiable con- 
tent, have moved into the class of semi-drying oils 
and fa t ty  acids. Because of their  similarity in com- 
position to soya fa t ty  acids, as shown in Table IV, 
they have found excellent applications in alkyds, 
soaps, synthetic detergents, and metallic driers. 

The rosin obtained by the complete fractionating 
process has been admitted under  the Naval Stores 
Act (6) as tall oil rosin and is the only rosin derived 
from tall oil defined under  this Act. A comparison 

T A B L E  I V  

Compar ison  of Tall  Oil F a t t y  Acids wi th  Soya Fa t ty  Acids 

Acid No ....................................... 
Sapon. No .................................... 
Iod ine  No ................................... 

Ros in  Acids ................................ 
Unsaponi f iab les  ........................ 
F a t t y  Acids ................................ 

Composit ion of F a t t y  Acids 
Sa tu ra ted  Acids .......................... 
Oleic Acid .................................. 
Linoleic  Acid .............................. 
L ino len ic  Acid ................. 

Soya 
F a t t y  Acids 

]98  
2O4 
132 

2.a% 
9 7 . 7 %  

15 % 
27 % 
5 1 %  

7 % 

Tal l  Oil 
Fatty Acids 

194 
196 
130 

1.0% 
2 .2% 

96.8% 

2 % 
50 % 
48 % 

None 

with wood and gum rosin is shown in Table V. Tail 
oil rosin is obtained in very pale color grades, vary- 
ing from WG to X. I t  is characterized by a low un- 
saponifiables content, high softening point, low fa t ty  
acid content, and freedom from impurities. 

T A B L E  V 

Comparison of Typical  Tall  Oil Ros in  wi th  Pale  Grades of 
Wood and G u m  Ros in  

Tall Oil Gum Wood 
Rosin  Ros in  Ros in  

Color Grades  ..................... WG-X ~rG-X WG X 
Acid No .............................. 165 165 164 
Sapon. No . . . . . . . . . . . . . . . . . . . . . .  173 171 173 
Sof tening  P o i n t  ................ 780 C. 78 ° C. 80 ° C. 
Unsapmli f iables  ............... 3.5 % 6.5 % 7.0 % 
Fa t ty  Acids . . . . . . . . . . . . . . . . . . .  ] .5 % None None 

There are a number of processes which have been 
proposed but  are not commercially practiced, such as 
extractions with liquid propane or furfural ,  selective 
esterification followed by distillation, neutralization, 
or extraction, selective neutralization, and thermal 
diffusion. References to numerous articles and pat- 
ents describing these processes can be found in the 
l i terature (4, 7). 

There have been a number of excellent reviews on 
the application of tall oil products, references for  
which can be found in West ' s  bibliography (4). 
Other valuable and detailed information on the uses 
of tall oil products are found in the bulletin, Tall 
Oil iu Indus t ry  (1), published by the Tall Oil Asso- 
ciation, and in sales l i terature of producers of tail 
oil products. 

S u m m a r y  

Tall oil processing is a relatively new and rapidly 
growing industry.  Based on a stable supply of raw 
material from the kra f t  paper  industry,  it provides 
an important  source of rosin and fa t ty  acid products. 
The processes most generally employed in the United 
States are acid refining, distillation, and separation 
by fractional distillation. 

Tall oil refining techniques have advanced to the 
point where fa t ty  acids substantially free from rosin 
acids and rosin substantially free from fa t ty  acids 
are prodnced. With continued growth of the indus- 
t ry  and fu r the r  advances in tall  oil technology, prod- 
ucts of even greater  refinement and wider ut i l i ty may 
be expected in the not too distant future.  
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