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:FIG. 4. Disposition of crude tall oil. 

this information,  and much of the data used in this 
paper  has been obtained f rom them. While indi- 
vidual uses are many,  they can be classified into 
two main divisions: as a raw mater ia l  for  numerous  
surfaetants ,  e.g., soaps, asphalt  additives, lubricants,  
flotation chemicals, fa t  chemicals, etc. ; and as a dry-  
ing oil component in the manufac ture  of core oils, 
linoleum, oil cloth, floor tile, driers, paints, var-  
nishes, p r in t ing  inks, etc. 

In  some of these uses the mixture  of rosin and f a t t y  
acids serves as a superior raw mater ial  to either one 
or the other ;  and it is to be expected that  a substan- 
t im quant i ty  of the whole oil, either in the crude 
or its refined form, will continue to be used. 

The percentage of the total  product ion of crude oil 
used as such will undoubtedly diminish, and the fu- 
ture will find increasing amounts  being separated 
into its component  parts ,  i.e, low-boiling unsaponi-  
fiable, sa turated acids, oleic and linoleic acids, solid 
rosin, sterols, and pitch. 

Unti l  1955 about two-thirds of the refined tall oil 
sold were acid-refined. In  1955 distilled tall oil in- 
creased to half  the total, and now we find more than  
80% of the refined tail oil is f ract ional ly distilled. 

Obviously the fu ture  of the tall oiI indus t ry  is tied 
up directly with the sulphate pulp  industry.  The 
average yield of tall oiI varies f rom mill to mill, both 
because of the source of the pine and the effectiveness 
of their  recovery methods. I t  is general ly accepted 
that  about 90 lbs. of crude tall oil can be produced 
with each ton of pulp  made. Not all mills achieve 
this yield, but, in general, good practice will produce 
this amount  f rom average pine. 

Using these figures, we find it would be possible to 
produce one billion lbs. of tall oil for  the year  1958. 
Est imates for the fu ture  sho.w tha t  by  1970 or 1975 
we can expect a product ion of about 1,550,000,000 lbs. 
of tall oil. The amount  of f a t t y  a d d  that  can be pro- 
duced f rom this volume is greater  than  the present  
f a t t y  acid product ion f rom all sources. When  one 
realizes that  not only can these acids replace the un- 
sa turated acids of soybean, cottonseed, red oil, and 
the like but  also that  they can readily be hydrogenated 
to stearic acid, it is easily understood tha t  this pro- 
duetion will have a great  impact  on the f a t t y  acid 
industry.  Even by-products,  such as the palmitic acid, 
become a sizeable quant i ty  when we talk of amounts 
of this  nature.  Three per  cent of 1,550,000,000 lbs. is 
a sizeable quan t i ty  of palmitie acid if it is recovered. 

Tall  oil is t ru ly  a unique and valuable mater ial  and 
is growing in available supplies, in new refineries, in 
new uses, and new products.  
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V 
ARIOUS SPECIES o f  pine trees contain vary ing  
amounts of f a t ty  acids and rosin acids. In  the 
kraft pulping operation the pine chips are 

cooked at  a relat ively high tempera ture  with a s trong 
alkali. In  addition to its p r i m a r y  purpose of dissolv- 
ing the lignin which holds the cellulose fibers together, 
this cooking operation also saponifies the f a t ty  acids 
and the rosin. These soaps in tu rn  are washed out of 
the pulp along' with the dissolved lignin and sent back 
through the chemical recovery operation. I n  this the 
spent or black liquor which contains the dissolved 
f a t ty  and rosin soaps is passed through multiple- 
effect evaporators for concentrat ing the black liquor 
to a point  where it may  be burned in special high- 
pressure boilers for  recovery of the inorganic chemi- 
cals and the product ion of steam. When  the black 

liquor reaches a concentration of 20 to 23% solids 
dur ing evaporation, it is sent through soap skimmers 
where the major  port ion of this soap salts out, rises 
to the surface, and is skimmed off. This mater ial  is 
termed "b l aek  liquor sk immings"  and is the s ta r t ing  
mater ial  for the manufac tu re  and subsequent process- 
ing of crude tall oil. 

Product ion of crude tall  oil involves the acidulation 
of black liquor skimmings or soaps with sulfuric acid 
at an elevated temperature .  The actual  mechanics of 
this product ion of crude tall oil has been the subject 
of considerable study, which has resulted in the devel- 
opment of several processes for the conversion of the 
skimmings to crude tall oil. 

Basically the product ion methods for  crude tall oil 
may  be divided into two major  classes: a) those which 
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utilize g rav i ty  to separate  the brine and lignin f rom 
the crude tall oil, and b) those which depend on cen- 
t r i fugal  force for the separation. There are, of course, 
a number  of variat ions of each of these processes. A 
var ia t ion of the la t ter  method is the use of batch 
acidulation equipment,  followed by centr i fugat ion for  
the separat ion of the brine and lignin f rom the crude 
tall oil. 

Gravity Separation Processes 
In  the grav i ty  separat ion processes the acidulation 

is normal ly  carr ied out in lead and acid-proof-brick 
lined vats. There have been reports  that  money may  
be used in this application. Necessary agitat ion may  
be provided by top-entering turbine type of a ~ t a t o r s  
or by the use of sparge steam alone. I f  agitators are 
used, it is also necessary to have the cooking tanks 
equipped with means for heating. Usually either coils 
or sparge nozzles of corrosion-resistant material  are 
used. 

A sample of the skimmings to be acidulated is 
t i t ra ted with acid to a p H  of 4.0 to determine the 
amount  of sulfuric acid required. Because of prob- 
lems associated with obtaining representat ive samples 
of skimmings it is the usual practice to use approxi-  
mate ly  5% in excess of the calculated amount.  The 
sulfuric acid (usual ly 60 ~ or 66 ~ B6) together with 
sufficient water  or spent brine ( f rom a previous cook) 
is charged to the cooking vat. Agitat ion and heating 
are started, and the skimmings are fed to the vat. 
As soon as the mixture  is thoroughly mixed and the 
t empera ture  reaches approximate ly  200 to 2!0~ 
the " b r e a k "  occurs, i.e., enough of the skimmings are 
converted to crude tall oil to form an oil phase. Heat-  
ing and agitat ion are continued for  15 to 20 rain. a f te r  
the " b r e a k "  to insure complete acidulation of all 
skimmings. 

Following this, heat ing and agitat ion are stopped 
and the contents of the " c o o k e r "  are allowed to 
settle. Upon settling, three layers are present  in 
the " c o o k e r . "  The bottom is a spent-brine layer, 
which should contain about 20% salt cake and 1% 
sulfuric acid. This is either re turned direct ly to the 
pulp  mill or pumped  to a tank  for  neutral izat ion with 
soda ash or other alkali and then pumped  to the pulp  
mill for  recovery of the salt cake. 

The top layer  is the crude tall oil, which contains 
3% to 4% moisture in the form of spent  brine and 
also approximate ly  2% solid lignin. This layer  may 
be pumped  to intermediate storage for  fu r the r  set- 
tling. Here  most of the residual moisture and lignin 
settle out and are discarded or re turned to the cook- 
ing vat  for  recovery of the oil content. Following this 
settling, the crude oil contains between 1% to 11/,,% 
moisture and is r eady  for  use. 

The middle layer  in the cooking vat  is the lignin 
layer and contains about 60% solid lignin, 20% urals- 
lure, and 20% crude tall oil. In  an operation of this 
type the lignin layer may  be washed out of the cook- 
ing "cat with a high-pressure water  s t ream and sent 
to the sewer. 

The flow diagram of the process described above is 
shown in F igure  1. 

Centrifugal Separation Processes 
There are at  least two processes utilizing the pr in-  

ciples of continuous acidulation, followed by centrifu- 
gal separation. One of these is described elsewhere in 
this symposium (1). Another  employs the flow dia- 
g ram shown in F igure  2 (2).  

The soap is pumped  through a manual ly  adjusted 
feed control to an acidulation mixer. Pr ior  to its 
introduct ion into the mixer, the soap is diluted by 
means of a mixture  of a solution of a selected t rea t ing  
agent  and hot water,  which is metered direct ly into 
the soap line through a mixing  tee. This t rea tment  
is utilized both to reduce the viscosity of the soap 
and also to permi t  the t rea t ing  agent  to contact the 
lignin and emulsified soap present  in the soap skim- 
mings. The la t ter  action has been found to be quite 
critical to the success of the process in conditioning 
the soap for  acidulation and subsequent separation. 

The diluted soap s t ream is piped into the bot tom of 
a vertical acidulation mixer, which provides for  the 
cont inuous  mixing of the soap with dilute sulfuric 
acid. The la t ter  is fed into the bottom section o~ the 
mixer  and is p repared  by meter ing concentrated sul- 
fur ic  acid into a cold water  s t ream and by  passing 
the solution through a cooler before en t ry  into the 
mixer. The soap skimmings are acidulated, produc- 
ing a mixture  of crude tall oil, lignin, and spent acid. 
This stream, discharging f rom the top of the mixer, 
passes a self-cleaning screen, which is utilized to 
remove a small amount  of fibrous solids present  in 
the feed so as to prevent  plugging the centr i fugal  
separator.  

The screened s t ream drops to a catch tank where 
live steam is used to increase its t empera ture  f rom 
approximate ly  160 to 200~ Into  this t ank  are fed 
two additional streams: metered hot water  to reduce 
the density of the spent acid and recycled spent acid. 

The hot mixture  of tall oil, lignin, and spent acid 
together with some sulfate salts is fed to the centrifu- 
gal separator.  The centr ifuge utilizes nozzles in the 
per iphery  of the bowl to discharge continuously any  
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heavy solids, mainly lignin. Its design has been al- 
tered substantially f rom standard units to permit  
the separation of the tall oil and spent acid without 
the plugging that  would require a shut-down for 
cleaning. 

The centrifuge discharges three streams: a light 
phase consisting of separated crude tall oil, a heavy 
phase or ring dam discharge containing lignin and 
spent acid, and a nozzle discharge composed of spent 
acid together with a small amount of fine solids. The 
ring dam discharge together with the nozzle discharge 
from the centrifuge drops to a compartmented tank. 
A separation of the lignin and spent acid occurs; 
clear spent acid is recycled back to the centrifuge 
feed tank. The remaining spent acid together with 
the lignin phase is discharged over a weir in the 
compartmented tank and is pumped back to the mill 
for  recovery. The separated crude tall oil f rom the 
centrifuge is pmnped from a catch tank to a settling 
storage tank for  removal of additional moisture be- 
fore being pumped to storage. 

Published data on the continuous process indicate 
excellent yields without problems associated with dis- 
posal of a lignin. The resulting crude is very  high in 
acid value and contains a nfinimum amount of lignin. 

Crude Tall Oil Product 

The American crude tall oil is pr imari ly a mixture  
of f a t ty  acids and rosin acids and may contain from 
35 to 65% rosin, depending upon the geographic 
source and species of pine used for  pulping. In addi- 
tion to these fa t ty  acids and rosin acids, the crude 
tall oil contains about 5 to 8% of what we term "un- 
saponifiables," composed principally of sterols, hy- 
drocarbons, and higher alcohols. Yields of crude tall 
oil are norumlly expected to be in the neighborhood 
of 2%, based upon the dry  weight of the pine wood 
pulped. In some regions it may be as high as 3 � 8 9  
While these yields appear  low, it nmst be remem- 
bered that  the production of kraf t  from pine is a 
tremendous business and in 1957 a total of approxi- 
mately 320,000 tons of crude tall oil were produced. 

l~ractional Distillation of Tall Oil 

This portion of the paper will be presented in sec- 
tions: preparat ion and storage of crude tall oil, de- 
hydrat ion o.f feed stock, fractional distillation, and 

storage of products. In  general, reference will be 
to a plant which fractionally distills crude tall oil 
to produce stable, light-colored fa t ty  acids and rosin. 
I t  was engineered and constructed for the Union Bag- 
Camp Paper  Corporation by the Foster  Wheeler Cor- 
poration under  license f rom Armour  and Company. 

Preparation and Storage of Crude Tall Oil. Proper  
preparat ion of crude tall oil before it enters the dis- 
tillation system has an important  effect upon the 
distillation process. The " c l e a n e r "  the feedstock, the 
higher will be the recovery of desirable end-products. 
Absence of free inorganic /tcid will result  in reduced 
rates of corrosion. Unchanging feed analysis will aid 
the still man to control operating conditions to give 
end-products of uniform quality. 

Good results in a fractional distillation system de- 
pend more than a little on the facilities available in 
the area of raw-material storage. This is well known 
to fa t ty  acid producers with distillation systems and 
is at tr ibutable to the dependence of good still-oper- 
ation upon the continui ty of uni form conditions. 

For  example, if raw material  storage tanks are too 
small, the still operation may suffer when changing 
from one feed tank to another unless the stock in 
each tank is identical. This is not always possible 
when raw materials are constantly being shipped into 
the plant from different locations. 

Another recommendation, again to insure maxi- 
mum feedstock uniformity,  calls for  the use of tank 
mixers. Without  these, settling and sedimentation in 
the feed tanks would make it necessary for the still 
to handle a constantly varying feed. Consequently 
operating conditions in the still would have to be 
changed intermit tent ly  to compensate for this vary- 
ing feed. Such varying conditions are not conducive 
to the production of high-puri ty products  expected 
from a top-notch tall oil fractional-distillation plant. 

In  addition to feed-stock uni formi ty  it  is beneficial 
to maintain constant temperature  in the feed tank. 
A changing feed temperature  would make it neces- 
sary to adjust  other stock temperatures  fa r ther  down 
the line, which again would make more difficult the 
production of high-puri ty products. 

Heat ing of feed in storage can be accomplished 
by use of an external system in which crude tall oil 
is circulated through a shell and tube steam-heated 
exchanger. This is schematically shown in our flow 
sheet, F igure  3. With such a system it would also be 
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helpful to provide some heat locally in the feed tank 
adjacent to the outlet nozzle leading to the circulat- 
ing pump. The lat ter  supplementary heat is needed 
in case of a protracted shut-down of the circulating 
pump. 

Construction of the crude storage tanks may be of 
carbon steel without running  into serious corrosion 
if a protective coating is used in the vapor space. 
However it is recommended that  feed tank tempera- 
tures do not exceed 160~ 

Dehydration of Feed Stock. Reference to the flow 
sheet shows that  we recommend dehydrat ion of feed 
stock prior  to distillation. This may be accomplished 
by heating the feed to about 185~ under  barometric 
condenser vacuum and by providing adequate vapor 
release area for dissolved and occluded water on trays 
or in sprays. Flashing will take place and leave a 
feed containing no more than 0.2% moisture. 

Dehydrat ion has two important  beneficial effects. 
First ,  the removal of moisture eliminates the possi- 
bility of slugs of water being evaporated into steam 
at a point in the distillation system where such would 
be harmful.  For  example, a sudden flashing of water 
into steam in the feed heaters, following the dehy- 
drator,  would increase sharply the pressure drop in 
the feed line to the distillation towers. This would 
cause a decrease in output  of the feed pump until  
the flow-controller could take hold to readjust  the 
flow. However no ordinary  flow-controller can cope 
with sudden pressure-drop changes which result from 
flashing slugs of water. Second, the removal of tools- 
ture  in the dehydra tor  reduces fouling of heat trans- 
fer  surfaces downstream in the system. This comes 
about since the water present in crude tall oil, either 
in suspension or in solution, always contains some 
inorganic salts, such as sodium sulfate. (These salts 
come f rom the acidification of tall oil soap to form 
crude tall oil.) 

I f  the water is not removed from the feed stock 
in a dehydrator,  where the salts coming out of solu- 
tion can be handled easily as a suspension, evapora- 
tion will inevitably take place in the heaters which 
precede the distillation towers. Where this evapora- 
tion takes place in the heaters, salts dissolved in the 
water are deposited on the heater tubes, thereby re- 
ducing great ly their  capacity for heat transfer.  In 
time this fouling will make necessary a shut-down 
of the heater  to permit  cleaning. 

Fractional Distillation. The plant  operates in a 
blocked operation, that  is, rosin and f a t ty  acid inter- 
mediate are made during a portion of the cycle. A 
switch is then made to run  the f a t ty  acid intermedi- 
ate back through the distillation system to produce 
high-quality f a t t y  acid. The reason for choosing 
blocked operation over a completely continuous proc- 
ess was two-fold. In  the first place the plant could 
be built  for  a lower initial cost, and secondly it 
could be expanded into a much larger installation 
by adding a second tower to permit  continuous oper- 
ation as the business "expanded. 

The dehydrated feed stock is heated by pumping 
through a heat exchanger and a feed heater, where 
it is brought  up to approximately 500~ I t  then is 
flashed-distilled under  high vacuum in a Dowtherm 1 
heated flasher and s tr ipping tower in the presence of 
steam. The flash distillation takes place so quickly 
that  degradation of heat-sensitive constituents in the 

1Dowtherm is a registered trade m~rk of the Dow Chemical Company. 

crude tall oil is minimized in spite of the relatively 
high temperature.  Pitch is removed from the base of 
the s tr ipping tower af ter  it has been thoroughly 
steam-stripped of its volatile products. Overhead 
vapor f rom the tower, consisting of rosin, f a t t y  acids, 
and some unsaponifiables, leaves the str ipping tower 
to enter the main fraet ionat ing tower. 

This consists of a large number of bubble plates, a 
reboiler in the base, and a series of condensing trays 
at  the top. The tower's main function is to separate 
rosin from fa t ty  acids, and the rosin, str ipped of its 
f a t t y  acid content, leaves the base of the tower and 
requires no fu r the r  processing. On its way to storage 
it is cooled by a heat exchanger in which the feed 
stock is par t ia l ly  preheated. Intermediate  f a t t y  acids 
containing a small amount of rosin are distilled and 
collected for fu r the r  processing, and odor-containing, 
low-boiling impurities are removed from the very  
top of the tower. 

The design of equipment for  condensing fa t ty  acid 
vapors requires close attention. The presence of the 
saturated f a t ty  acids which have high melting-points 
tend to foul conventional condensers. There  are pat- 
ents covering the use of internal  condensing systems, 
and these are widely used. 

A problem which requires careful consideration is 
the cooling of rosin leaving the fractionation tower. 
This normally leaves the tower at a temperature  
range of 480 to 525~ I f  put  directly in drums for 
storage, the rosin will pick up oxygen f rom the air, 
and, as a result, the product  is considerably degraded. 
I t  is therefore necessary to cool it down to approxi- 
mately 350~ Use of a simple heat-exchanger, using 
water at normal temperatures as a cooling medium, 
will result  in plugging quite quickly. I t  is necessary 
instead to use other means of cooling the rosin, such 
as heating the feed stock or circulating a coolant at 
high temperature.  I t  is a corollary that all pipe lines 
used for handling rosin must be either steam-traced 
and insulated or else jacketed and insulated; all 
valves in the rosin lines must be jacketed. 

The flow diagram for the second-stage operation is 
practical ly the same as for the first stage, but in this 
case the intermediate f a t ty  acid f ract ion containing 
some rosin is fed direct ly to the distillation tower, 
af ter  being brought  up to distillation temperature  
by the use of the Dowtherm preheater.  The bottoms- 
product  f rom the distillation tower is in this case a 
fract ion containing about 30% rosin acid, which may 
be sold as distilled tall oil. The main product  is taken 
off near  the top o f  the tower and is a distilled f a t ty  
acid of  high puri ty.  At  the top an overhead product  
is withdrawn, Consisting of unsaponifiables and lower- 
boiling fa t ty  acids. This cut also contains the satu- 
rated acids, principal ly palmitic. 

Typical  product  specifications which may be ex- 
pected are shown in Tables I and II.  

In  addition to the product ion of high grade fa t ty  
acids and rosin, the separation of these two materials 
necessarily carries with it the production of other 
secondary products. Tall oil pitch, which comprises 
roughly 10 to 20% of the crude tall oil fed to the 
distillation process, finds use in asphalt emulsions 
and similar products. Care must be taken in a distil- 
lation to keep the pitch to a minimum although at the 
same time degradation of the pitch because of heat 
and /o r  residence time can result in dark rosin prod- 
ucts and, in some cases, dark fa t ty  acid products. 



162 TrlE JOURNAL OF THE AMERICAN OIL CHEMISTS' SOCIETY VOL. 36 

T A B L E  I 

R o s i n  
C o l o r  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
A c i d  n u m b e r  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  168X o r  l i g h t e r  

F a t t y  a c i d s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 , 5 %  
U n s a p o n i f i a b l e s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 3 %  ( m a x . )  
S o f t e n i n g  p o i n t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ! 8 3 ~  

By the same token, fai lure to produce an op t imum 
amount  of pitch may  result  in the decreased produc- 
tion of rosin and fa t ty  acids, and both products  may  
have characteristics somewhat different f rom the 
characterist ics ordinar i ly  expected of such materials.  

Heads and odor-cut products  are also obtained. 

T A B L E  1 I  

F a t t y  a c i d  

F a t t y  a c i d s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9 9 . 2 %  
R o s i n  a c i d s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 0 . 5 %  
U n s a p o n i f i a b l e s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  i 0 . 6 %  
M o i s t u r e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 
A c i d  n u m b e r  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  N o n e  1 9 9  
S a p o n i f i c a t i o n  n u m b e r  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 0 0  
G a r d n e r  c o l o r  ( 1 9 3 3 )  . . . . . . . . . . . . . . . . . . .  3 
V i s c o s i t y  S S U  a t  1 0 0 ~  . . . . . . . . . . . . . . . . . . . .  ! 1 0 5  
S p e c i f i c  g r a v i t y  6 2 / 6 0  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 0 . 9 0 4 8  
T i t r e ,  ~  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 4 . 3  
F l a s h  p o i n t ,  ~  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 3 7 5  
F i r e  p o i n t ,  ~  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  r 4 3 5  

These should be kept to a mininmm. However  fai lure  
to remove the opt imum amount  will result  in in- 
creased unsaponifiables and saturated f a t ty  acids in 
the fa t ty  acid product.  

The product ion of rosin containing 3% or less 
f a t ty  acids and the product ion of f a t t y  acids con- 
ta ining 1% or less rosin acids necessarily car ry  
along the product ion of a small amount  of distilled 
tall oil. This oil contains f a t ty  acids and rosin acids 
which boil in the same range so tha t  separat ion is 
either impossible or ineffectual. These components 
may  result  f rom degradat ion of the f a t t y  acids and 
rosin acids dur ing the distillation operation, or they 
may  have originally been present  in the crude tall 
oil. There is evidence to suppor t  both theories. Re- 
gardless of the source of these components, it is neces- 
sary to renlove them as a separate  s t ream;  otherwise 
the rosin product  will eontain an excessive amount  
of f a t ty  acids, which will render it unfit for certain 
uses, and the f a t t y  acids will contain an excessive 
amount  of rosin acids. 

Based upon a feed containing 50% rosin, 42% 
fa t ty  acid, and 8% unsaponifiables, approximate  re- 
covery may  be expected as indicated in Table I I I .  

I t  is na tura l  that  distillation has become the pre- 
ferred method of separat ion for it has been in use 
as a means of pur i fy ing  fats  for  many  years. I t  is 
an economical and successful method, but  it has 
presented and perhaps  ahvays will present  many  
problems to test the ingenui ty  of chemists and chemi- 
cal engineers because, at the tempera tures  required 
for vaporization, f a t ty  acids are thermal ly  unstable. 
Care must  be taken if high yields and products  of 
good quali ty are to be obtained. When  f a t t y  acids 
are subjected to high temperature ,  they decompose; 
the extent of decomposition is a funct ion of t ime and 
temperature .  Usually the first step is one of anhy- 
dride formation,  with the loss of one mol of water  

T A B L E  III 

t ~ o s i n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 0 %  
l ~ a t t y  a c i d  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 5 %  
P i t c h  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ' 1 5 %  
B a l a n c e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 0 %  

f rom two tools of f a t t y  acids. As the t empera ture  
increases, ketones and hydrocarbons  are formed, with 
a loss of COo. Unsa tura ted  f a t t y  acids condense to 
form nonvolatile polymers,  result ing in high residue 
losses. To prevent  thermal  decomposition dur ing dis- 
tillation, combinations of injected steam and reduced 
pressures are used. Distil lation tempera tures  of about 
250~176 are desirable, and it is also beneficial 
to use some direct steam, regardless of the pressure, 
because a small amount  of water  helps to repress an- 
hydr ide  formation.  

The decision as to the type of column to be used 
for  the separat ion of crude tall oil into f a t ty  acids 
and rosin acids must,  of course, be predicated upon 
the individual  requirements  of the processing and 
the availabil i ty of tile various utilities. Regardless 
of the type of column used, it is quite impor tan t  
tha t  care be exercised to eliminate air  leakage, to 
keep the residence time at high t empera tu re  to an 
absolute minimum, and to utilize those materials  of 
construction necessary to prevent  corrosion and color 
pick-up in the product.  I n  most cases Type  316 stain- 
less steel with a min imum molybdenum content of 
2.5% is prefer red  for this service. Fo r  the most 
severe services there are those who pre fe r  Type  317 
stainless steel with a min imum molybdenum content 
of 3.0%. 

Storage of Products. Produc t  storage must  be de- 
signed to minimize day-to-day problems confronting a 
producer.  Such problems relate to balancing produc- 
tion with sales, minimizing maintenance and unneces- 
sary  labor in the storage area, darkening of products,  
and un i formi ty  of product  quality. 

The first is p r imar i ly  a management  decision, 
finally to be made when operat ing procedures have 
been standardized. However  it is up to the p lant  
supervisor to see that  he has adequate storage for  
both raw materials  and products  to sat isfy the re- 
quirements of his sales depar tment  without  the need 
to face unreasonable product ion schedules. Careful  
consideration of this factor  is necessary before the 
plants  is constructed. 

Second, to minmize maintenance costs in the prod- 
uct-storage area, a t tent ion should be paid to the ma- 
terials of construction of the tankage and its related 
piping'. A luminum or an 18-8 stainless steel will do 
very  well and are recommended. 

Hea t ing  of lines and provision to blow them clean 
with inert  gas also will be helpful  to minimize main- 
tenanee work in the storage area. Lines containing 
materials  which may  harden or solidify at atmos- 
pheric tempera tures  are best kept  warm to prevent  
freezing. There is always the possibility, par t icu lar ly  
when handl ing rosin, that  a frozen line must  be dis- 
mantled to thaw and free it effectively. 

Third, the tendency of f a t ty  materials  to darken 
on standing is well known. To combat this tendency, 
tankage and piping should be constructed of mate- 
rials which have little or no effect upon product  color. 
Aluminum and 18-8 stainless steel arc both recom- 
mended for this purpose. Similarly t ank  ears and 
drums should be lined with a protective coating to 
prevent  iron pick-up and consequent darkening. 

Oxygen in the air will hasten the darkening of 
distilled products. Therefore  it is desirable to ex- 
clude atmospheric air f rom tile storage tanks. This 
is done with a blanket  of d ry  inert  gas, supplied by  
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compressing and dry ing  the combustion products  of 
a gas or oil burner.  Distr ibution of this gas to each 
storage tank  may  be controlled by flow orifices which 
limit the flow to each tank. The same inert  gas sys- 
tem should be used to purge  tank ears before loading. 

Last, un i formi ty  of product  quali ty may  be im- 
proved by providing good agitat ion in the storage 
tanks. This is par t icu lar ly  useful in the case of 
relat ively large storage tanks, which are capable of 
holding several weeks'  to several months '  production. 

The use of these procedures helps to insure a prod- 
uct in storage of much the same quali ty as that  pro- 
duced in the distillation columns. 

Summary 
The source of crude tall oil and methods to pro- 

duce the oil have been described. These include 
acidulation of sulfate pulp, black liquor skimmings, 
and grav i ty  sett l ing as well as centr i fugal  means of 
separat ion to reduce the ligniu content of the product.  

Subsequent processing of the crude tall oil into 
fraet ionated f a t t y  acids and rosin has been outlined 
with suggestions for consideration in all stages of the 
distillation section of the plant.  
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The Nomenclature of Tal 
Derivatives 

Oil Fatty Acids and Their 

EDWARD H. SHEERS and BENJAMIN D. BERKMAN, 
American Cyanamid Company, Stanford, Connecticut 

T 
ALL OIL, a by-product  of the K r a f t  paper  industry,  
consists of a mixture  of C~s unsa tura ted  f a t t y  
acids, rosin acids, and relatively small amounts 

of sa turated f a t t y  acids, and unsaponifiables. Vacuum 
fract ionat ion yields predominant ly  a f a t t y  acid frac-  
tion and a rosin f rac t ion;  the sa tura ted  f a t ty  acids 
and unsaponifiables are either almost completely re- 
moved in the overhead fract ion or remain in the resi- 
due, which is called tall oil pitch. 

We are concerned in this paper  with the nomen- 
clature of the f a t ty  acid fract ion and its derivatives. 
Although there is some geographical  and seasonal 
var ia t ion in the ratio of  f a t t y  to rosin acid content, 
American tall oil f a t ty  acid fract ions can generally 
be considered to be a 1:1 mixture  of octadecenoie 
(oleie) and octadecadienoic (linoleie) acids. Thus 
this f ract ion has an over-all unsa tura t ion  of 1.5 double 
bonds per  molecule. I t  is this simplicity and consis- 
tency of composition which makes the tall oil f a t ty  
acid fract ion different f rom most other na tura l  source- 
derived f a t t y  acids. Most ~)thers have at least three 
major  constituents (Table I ) .  

We believe therefore that  for certain purposes it 
would be both desirable and possible to name this 

T A B L E  I 
Ma jo r  Components  of F a t t y  Acid F r a c t i o n s  D e r ived  

f r o m  l~atural  Sm~rtes  a 

Acid Coconut  Cotton- 
. . . . . .  oil I s .ee d oil 

e a p r y i i c  .................................. 8 
Cupr ic  ..................................... 7 
L a u r i c  .................................... ] 47 ] 
Myr i s t i c  .................................. I 18 I 
P a l m i t i c  . . . . . . . . . . . . . . . . .  ~ 7 21 
Oetadeeenoic  (e le ic)  .............. 5 30 
Oe tadecad ie~me  (l inuleic)  .....I " 44 

Soybean  Tall  
oil oil 

37 48 
51 50 

a P e r c e n t a g e s  less t h a n  5 %  h a v e  been ignored.  

fraction, par t icu lar ly  its derivatives, in a manner  
which would be more indicative of their  chemical 
na ture  than " t a l l  oil f a t t y  ac ids ."  

At  present,  no system of nomenclature is used con- 
sistently in this field. General ly tall oil f a t t y  acids 
are eithc~ refer red  to as such or by t rade names. 
Occasionally the t e rm " T U F A "  is used as an abbrevi- 
ation. Derivatives are also either refer red  to by  t rade 
names or by derivation f rom " t a l l  oil f a t t y  ac ids ."  

As the use of the tall oil f a t ty  acid fract ion as a 
chemical intermediate increases, the need for  a syste- 
matic nomenclature to describe its derivatives becomes 
increasingly evident. To many  organic chemists the 

T A B L E  I I  
Sys tems  of Nomenc l a tu r e  for  Tall  O i l  F a t t y  Acid D e r i v a t i v e s  

"Tall Oil F a t t y  Ac id"  de r i ved  n a m e  T r i v i a l  f a t t y  acid  de r ived  n a m e  I U F A C  de r ived  n a m e  Octadeca  ( sesqu i )  enoic acid  
de r ived  n a m e  

Octadeca  ( sesqu i )  e!loic acid  Tail  oil f a t ty  acid  ................................................... 

Tai l  oil f a t t y  acid, me ta l  salt  ................................. 

Tall  oil f a t t y  amide  ................................................ 

Tall  oil f a t t y  a m i n e  ................................................ 

Tal l  oil f a t t y  n i t r i l e  ............................................... 

Tall  oil f a t t y  alcohol .............................................. 

Tal l  oil f a t ty  a ldehyde ........................................... 

H y d r o g e n a t e d  tall  oil f a t t y  acid  ............................ 
H y d r o g e n a t e d  tall  oil f a t t y  acid, meta l  sal t  ........... 
H y d r o g e n a t e d  tall  oil f a t t y  amide  ......................... 
H y d r o g e n a t e d  tall oil f a t t y  n i t r i le  ......................... 
H y d r o g e n a t e d  tall  oil f a t t y  a m i n e  ......................... 
H y d r o g e n a t e d  tall  oil f a t t y  alcohol ........................ 
H y d r o g e n a t e d  tall  oil f a t t y  a ldehyde ..................... 

Mixed  oleic and  linoleic ac ids  

Mixed  meta l  oleate and  l inoleate 

Mixed  oleamide a n d  l inoleamide 

Mixed  oleamine and  l ino leamine  

Mixed  oleyl n i t r i le  and  linoleyl n i t r i le  

Mixed  oleyl and  ]inoleyl alcohol 

Mixed  oleyl a n d  lirtoleyl a ldehyde 

S tea r ic  acid  
Metal  s t e a r a t e  
S t e a r a m i d e  
S tea ron i t r i l e  
S t ea ry l amine  
S teary l  alcohol 
S teary l  a ldehyde  

Mixed cis-9-oct~.decenoic a n d  
9 ,12-octadecadienoic  acid  

Mixed  meta l  c is-9-octadecanoate  
and  9 ,12-oc tsdecadienoa te  

Mixed  c is -9-octadecenamide  and  
9 ,12-oc tadecsd ien~med  

Mixed  c ls -9-octadecenylamjne 
arid 9 ,12-oc tadecad ieny lamine  

Mixed  cis-9-octadeeeneni t r i le  
and  oc tadeead ienen i t r i l e  

Mixed  c is -9-ot tadecen- l -o l .  : : 
a n d  9 ,12-octadecadien- l -o l  

Mixed  els-9-oetadeeenal  
and  9 ,12-octadecadienal  

Octadecartoic aci& 
' Metal  oc tadecanoa te  

O c t a d e c a n a m i d e . .  
Oc tadecanen i t r i l e  
Oc tadecy lamine  
1-octadecanol  
Oc tadecana l  : 

Meta l  o e tadeca  ( sesqu i )  enoate  

0 c t a d e c a  ( sesqu i )  e na mide  

Octadeca  ( sesqu i )  eny lamine  

Octadeca  ( sesqu i )  enen i t r i i e  

i octadeca ( sesqu i )  enol 

0 c t a d e e a  (eesqui)  ena /  

Octadecanoic  acid  
Metal  oc tadecanoa te  
O e t a d e c a n a m i d e  
0c t a de c a ne n i t r i l e  
Oc tadecy lamine  
1-octadecanol  
Oc tadecana l  


