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T tiE TALL OIL INDUSTRY in the United States has 
grown at a phenomenal  rate dur ing  the past  10 
years. H igh ly  refined products  are now being 

produced f rom tall oil, such as very  light-colored 
f a t t y  acids, substant ia l ly  free f rom rosin acids and 
rosin substant ia l ly  free f rom f a t t y  acids. Manufac- 
turers  of paint,  varnish, soap, detergents, linoleum, 
and paper  have adopted these products  as raw ma- 
terials and depend on their  qual i ty and uniformity .  
I t  is therefore not surpr is ing that,  in the United 
States, considerable at tent ion has been given to, and 
a lot of work has been dm~e on the development of 
suitable methods of analysis for these products.  

Most of this work was carried out in laboratories 
of producers  and users of tall oil products  in col- 
laborative tests under  the auspices of the American 
Society for Testing Materials (Committee D-17) with 
the suppor t  of the Tall Oil Division of the Pu lp  
Chemical Association. Some methods developed by 
committees of the American Oil Chemists '  Society 
for  the analysis of f a t ty  acids have also found appli-  
cation for  tall oil f a t t y  acids. I t  is the purpose of this 
paper  to give a short  review of some of the A.S.T.M. 
work and to discuss present  methods for  the analysis 
of tall  oil products  in general. 

Tall Oil and Tall Oil 
Fatty Acids 

Analyt ical  values which are often or occasionally 
determined on crude tall oil, acid-refined tall oil, 
distilled tall oil, and tall oil f a t ty  acids are as follows: 

Chemical Values. Acid number, saponification number, rosin 
acids, fatty acids, unsaponifiables, polyunsaturated fatty acids 
(conjugated and total liaoleie acid), sas fatty acids, olcie 
acid, and iodine value. 

Physivai Vabies. Co]or, moisture, specific gravity, refractive 
index, viscosity, flash point, pour-point, cloud-polnt, and tlter. 

Values for  typical  tall  oil products  in the United 
States are given in Table I. 

Acid values and saponification values are deter- 
mined according to the t ime-honored methods of the 
oil and fa t  chemists. Methanol is universal ly used as 
a solvent and methanolie K O H  as t i t rant .  While 
potentiometric  t i t ra t ion is specified in the referee 
methods of the A.S.T.M., the use of thymoI blue or 
phenolphthalein as indicator is popular  in many  labo- 
ratories because of speed or convenience. 

The determinat ion of rosin acids is more compli- 
cated and has a long his tory of development.  The first 
to solve this problem was Twitchell (1). By bubbling 

hydrochloric acid gas through solutions of rosin and 
f a t t y  acids in alcohol, he made use of their  different 
esterification rates and was able to convert  the f a t t y  
acids into their  respective esters while the rosin re- 
mained unesterified and could be t i t rated.  This pr in-  
ciple of selective esterification is still the basis of all 
present  methods, which in the meant ime have under-  
gone m a n y  changes to make them simpler and faster. 
Wolff (2) in 1910 introduced the use of sulfuric  acid 
as an esterifieation catalyst.  There were a number  of 
investigations in Germany,  Sweden, and the U.S.A., 
which contr ibuted to methods of rosin acids determi- 
nation. While in Europe  the slower gravimetr ie  meth- 
ods, in which the f a t ty  acid esters are isolated and 
weighed, became s tandards  of the indus t ry ;  in the 
U. S. emphasis was placed on simple manipulat ion 
and speed. A simple and fast  modification of the 
Wolff method was developed by Hast ings  and Pollak 
and published in 1939 (3). I t  consisted in refluxing 
a sample of tall oil in methanol in the presence of 
sulfur ic  acid for  2 min., cooling, and t i t r a t ing  the 
unesterified rosin acids by using a thymol  blue indi- 
cator. This indicator, because of its two color changes, 
allows measurement  of the rosin acid aside f rom the 
mineral  acid in one t i tration.  The A.S.T.M. adopted 
this method and added potentiometrie  t i t rat ion,  which 
eliminates difficulties in determining the end-points, 
par t i cu la r ly  in such dark-colored products  as crude 
tall oil (4). 

The McNieoll method (5), which uses naphthalene 
sulfonic acid as a catalyst  and t i t ra tes  unesterified 
rosin acids with phenolphthalein as indicator  against  
a blank was first employed f o r  the determinat ion of 
rosin in soap. I t  too became an A.S.T.M. method for  
tall oil. 

B y  1953 experience in our own laboratory  and in- 
vestigations by  Sprengl ing (6) and Hezel (7) indi- 
cated tha t  the reflux t ime of 2 rain. for  the Wolff 
Method was too short. We decided to determine the 
reflux times necessary for  rosin acid mixtures  of 30 
to 50%, corresponding to the crude and refined tall 
oil products  of commerce. The mixtures  were pre- 
pared  f rom rosin-free distilled soybean f a t t y  acids 
and f rom tall oil rosin acids repeatedly  recrystallized 
f rom methanol. A Beckman Model K automatic  t i tra-  
to t  was used. To determine the end-points which 
would give the most accurate results in connection 
wi th  a u t o m a t i c  t i t r a t o r s ,  p o t e n t i o m e t r i c  t i t r a t i o n  
curves were first plotted with 10 different commercial 
crude tall oils, four  distilled tall oils, and two acid- 

T A B L E  I 
Ana lys i s  Va lues  of Typ i ca l  U- S, Tall Oil P r o d u c t s  

Specific R e f r a c t i v e  
Acid Sap.  tr  F a t t y  Color, gravity index 
No. No. ac ids  U n s a p .  acids  G a r d n e r  2 5 o / 2 5 o c .  25o0 .  

C r u d e  tall oil / 
L o w  ros in  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
H i g h  ros in  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

D i s t i l l ed  tall oil . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Ac id  refined tall oil . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
T a l l  oil f a t ty  ac ids  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Ta l l  oil heads  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
T a l l  oil  ro s in  . . . . . . . . . . . . . . . . . . .  
Ta l l  oil p i tch  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

170  
166  
190  
169 
192 
196  
198  
172 
168  

55 

1 7 4  
172  
1 9 4  
173 
194  
1 9 7  
199  
177  
176  
115  

% 

4 0 . 0  
49 .0  
29 .0  
40 .0  

4 .0  
1.3 
0 .4  
0.5 

94  a 
32 

% 
6.9 
7.1 
1.2 
6.8 
4.0 
1.5 
0 ,4  

15 
4.0 

32 

% 
52,5  
4 3 A  
69,8  
53,1  
92 ,0  
97 .2  
99 ,2  
8 4 . 4  

2,0 
30  

17 
18 
7+ 
8 
7+ 
5+ 
3 

12+ 
WW b 
17 c 

0 .960  
0 .975  
0 . 9 4 7  
0 .980  
0 .901  
0 . 9 0 0  
0 . 8 9 7  
6 . 9 0 5  
1 .060  
1 ,005  

1 . 5 0 3 0  
1 .5100  
1 . 4 8 6 0  
1 . 5 0 2 5  
1 , 4 7 1 0  
1 . 4 6 7 0  
1.4645 
1 . 4 7 5 4  

a I nc ludes  rosin esters and anhydrides, b U.  S. ro s in  color s t a n d a r d s ,  c 1 0 %  solution in benzene.  
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refined tall oils (Figures  1 and 2). The results show 
inflection points of p H  4 and 10.5 for either crude tall  
oil, distilled tall oil, or acid-refined tad oil. Yr 
most tall oil products  t i t ra t ion to definite end-points 
is satisfactory,  and in terpre ta t ion  of individual  t i t ra-  
tion curves is not necessary. I t  was found that  a 
15- to 30-rain. esterification time is necessary with 
mixtures  containing between 30 to 50% rosin acids. 
The tests were repeated and confirmed in a collabora- 
t ive testing p rogram by  members  of A.S.T.M. in 1954. 
As a result  of this work the Wolff method was changed 
to the present  A.S.T.M. D 803-55T, which specifies a 
30-rain. reflux time and allows the use of an automatic  
t i t ra tor  with p H  4 and 10.5 end-points as an al ternate 
to plot t ing a t i t ra t ion curve. 

One of the greatest  challenges to the tall oil chemist 
was to provide an accurate enough method for  the 
determinat ion of the small percentages of rosin acids 
in the highly f ract ionated tall oil f a t t y  acids produced 
in modern distillation plants. The t Ier r l inger-Com- 
pean method (8) solved this problem by using a rela- 
t ively large sample of f a t t y  acid (40 g.),  refluxing it 
in methanol in the presence of sulfuric acid, cooling, 
adding ether, extract ing the mineral  acid with salt 
solution, and t i t ra t ing  the remaining unreaeted rosin 
acids dissolved in the ether. This method was adopted 
by the A.S.T.M. for  the determinat ion of rosin acids 
in f a t t y  acids and is now A.S.T.M. D-1240-54. 

The testing of this method by the A.S.T.M. in 1951 
is one of the best examples of the type of collaborative 
work carr ied out by its members. Samples of f a t ty  
acids containing 0 to 15% rosin acids were sent to 19 
laboratories, including those of producers  and users 
of tall  oil products,  government  laboratories, corn- 

inertial  testing laboratories, and research institutions. 
With  the exception of one labora tory  none had pre- 
vious experience with this method. 

T A B L E  II 

R e s u l t s  o f  C o l l a b o r a t i v e  T e s t  o f  t t e r r I i n g e r - C o m p e a u  M e t h o d  

A . S . T . M .  R o s i n  a c i d s  c o n t e n t  o f  s a m p l e s  
m e m b e r  

l a b o r a t o r y  0 . 0 0  

1 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 . 0 2  
2 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 . 0 4  
3 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 . 0 5  
4 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 . 0 1  
5 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 . 3 8  
6 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 . 4 5  
7 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 . 0 9  
8 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  n i l  
9 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 . 0 1  

1 0  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 . 0 7 6  
11  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  - -  

1 2  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 . 0 0  
13  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 . 1 4 5  
1 4  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 . 2 1  
1 5  . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 . 2 5  
1 6  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  - 0 . 0 4  
17  . . . . . . . . . . .  0 0 2  
1 8  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 . 0 2  
19  . . . . . . . . . . . . . . . . . . .  - 0  1 4  

1 . 0 0  3 . 0 0  6 . 0 0  1 0 . 0 0  1 4 . 8 0  

R o s i n  a c i d s  f o u n d  
1 , 0 3  3 . 0 5  6 . 0 3  9 . 9 5  1 4 . 8 0  
1 . 0 0  2 . 9 9  6 . 0 0  9 . 8 8  1 4 , 7 4  
1 . 0 6  2 . 9 9  6 . 0 8  9 . 9 5  1 4 . 7 8  
0 . 9 9  2 . 9 4  5 . 9 9  9 . 8 4  1 4 , 5 3  
1 . 1 6  3 . 1 8  6 . 2 7  9 . 8 4  1 4 , 9 3  
1 . 2 8  3 , 7 9  5 . 3 7  9 . 9 5  1 4 . 9 5  
1 . 0 6  3 , 0 7  6 . 0 0  1 0 . 7 0  1 4 , 8 0  
0 . 9 6  2 , 9 9  5 . 9 9  9 , 8 3  1 4 . 5 8  
0 . 8 1 1  3 , 0 9  6 . 0 9  9 . 9 4  1 4 . 9 1  
1 . 0 2  3 . 0 3  6 . 8 0  1 0 . 7  1 5 . 3 0  
0 . 8 1  3 . 0 8  6 . 0 3  1 0 , 1 5  1 5 . 0 3  
0 . 9 3  2 . 9 7  5 . 9 8  9 . 9 4  1 4 . 8 1  
1 . 0 8  3 . 1 5  6 . 1 6  9 . 7 6  1 4 . 5  
0 . 9 9  3 . 0 7  6 . 0 6  9 . 8 3  1 4 . 8 8  
1 . 1 6  3 . 3 0  6 . 2 3  1 0 . 1 2  1 4 , 6 2  
1 . 2 9  2 . 9 4  5 . 8 1  9 . 7 5  1 4 . 2 5  
0 . 9 8  2 . 9 7  5 . 9 8  9 . 8 8  1 4 . 8 0  
1 , 0 6  3 . 0 5  6 . 0 6  1 0 . 0 6  1 4 . 8 0  
1 . 0 0  2 . 9 3  5 . 9 2  9 . 9 4  1 4 . 8 0  

The results of the collaborative tests are given in 
Table I I .  They can be summarized as follows: 

Samples tested ................................................ 114 
Number  of collaborative laboratories .......... 19 
Rosin acids range ............................................ 0 -15% 

Determinations Accuracy 

Number Percentage Rosin acids content 

76 67 • 
19 17 • 
9 8 • 
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T A B L E  I I I  
A.S.T.M:. Methods  for  D e t e r m i n a t i o n  of Ros in  Acids  
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Method 

Wolff .................................................................. D 803-55T 
a Wolff . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  r - �9 a L m d e r  P e r s s o n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 

l=[err l inger-Compeau . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  D] 240-54 

McNicoll  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  D 803-55T 

P r i n c i p l e  of method  

Methanol ,  su l fu r i c  acid,  B0-mi~. r e f lux  
Methanol ,  su l fu r i c  acid, 5-min.  re f lux  
Butanol ,  su l fu r i c  acid, azeotropic r e mova l  

of w a t e r  
Methanol ,  su l fu r i c  acid,  40-g. sample  ex- 

t r ac t ion  of su l fu r i c  ac id  before  t i t r a t ion  
Methanol  naph tha l e in  sul fonic  acid  

,ange [ 
'osln. 
cids 

- -100  

,--15 
;--55 

Appl ica t ion  

Tall  F a t t y  Ros in  oil__ aci~_ 

x - -  x 

X [ X X 

x I x : 
"A.S .T .M.  des igna t ion  to be issued.  

A new method for  the determinat ion of rosin acids 
applicable over the whole range of rosin content f rom 
tall oil f a t ty  acids to tall oil rosin is the revised Linder  
Persson Method (9). The sample is esterified with 
buty l  alcohol in the presence of benzene and sulfuric  
acid. The water  formed dur ing the esterification is 
removed by azeotropie distillation and collected in a 
specially constructed moisture t rap.  Af te r  t i t rat ion,  
using either a thymol blue or phenolphthalein indi- 
cator, a correction factor  is applied to the result. 
]n the U. S. this method is being tr ied with good 
results by  a few people f o r  tall oil products.  I t  has 
been tested by the A.S.T.M. in connection with the 
determinat ion of f a t t y  acids in rosin and found to 
give results equivalent to the Wolff method. Since 
it is claimed that  the Linder  Persson method has the 
advantage of applicabil i ty to products  with widely 
va ry ing  rosin content, it will undoubtedly be fur-  
ther  invest igated by the A.S.T.M. A summary  of the 
A.S.T.M. Methods for  rosin acids determinat ion is 
given in Table I I I .  

The method which is used for  the determinat ion 

of unsaponifiables in tall oil and tall oil f a t ty  acids, 
A.S.T.M. D 803-55T, has been careful ly  worked out 
over the years by the members of A.S.T.M. I t  consists 
of refluxing a 5-g. sample in 15 ml. of 2N alcoholic 
potassium hydroxide for 1.5 hrs., followed by extrac- 
tion of the unsaponifiables f rom the soap solution with 
ether by using conventional separa tory  funnels. The 
conditions for  dilution, extract ion and isolation of 
the unsaponified mat te r  are critical for  obtaining re- 
producible results. The higher alkali concentration 
assures complete saponification of the rosin esters 
present,  and the small volume of the alcoholic alkali 
eliminates the need for  alcohol removal  pr ior  to ex- 
traction. Fo r  removal  of the soap the ether extract  
is washed with gradual ly  increasing quanti t ies of 
water.  This prevents  the format ion of emulsions. 
Af te r  weighing, the unsaponifiables are dissolved in 
isopropyl alcohol and t i t ra ted  with alkali to correct 
for  rosin carried over through hydrolysis  of the 
rosin soap. Collaborative work was carr ied out by 
A.S.T.M. members  f rom 1952 to 1954 to br ing this 
method to its present  form and to adopt  it as an alter- 

I.- 
z 

=< 
o. ,<~ 

12 

[t  
iO... 
I 0  

9 

8 

7 

6 

5 

4 

3, 

2 

I 

0 

F I G U R E -  2 

D I S T I L L E D  A N D  A C I D  R E F I N E D  T A L L  O I L S  

P O T E N T I O M E T R I C  T I T R A T I O N  O F R O S I N  ACIDS BY MODIF IED WOLFF METHOD 

I 2 3 4 5 6 

T I T R  A T I O N  , V O L U M E  



122 THE JOURNAL OF TIIE AMERICAN OIL CI-IE}IISTS' SOCIETY VOL. 36 

hate method for  the analysis of nnsaponifiables in 
rosin. 

Moisture is determined by azeotropic distillation of 
a large sample with xylene and collection of the water  
in the Dean Stark  Trap.  Only crude tall oils contain 
moisture. Distilled and refined products  are dry. 

The f a t t y  acid content of crude tall oil, distilled 
tall oil, acid-refined tall oil, and tall oil f a t t y  acids is 
calculated f rom the difference between 100 and the 
sum of rosin acids, unsaponifiables, and moisture. 
This is in contrast  to the determinat ion of f a t t y  acids 
in rosin, which is calculated f rom the acid number  
and the rosin acids content. 

Ind iv idua l  f a t ty  acid constituents are quite often 
determined to furnish product  specification data and 
to judge  the effect of operat ional  variables and sea- 
sonal changes in the raw material .  These arc conju- 
gated, nonconjugated,  and total  polyunsatura ted  f a t ty  
acids (which are usual ly  expressed as linolcic acid),  
oleic acid,and saturated acids (mainly  palmitie acid).  
The determinations can be carried out direct ly on 
highly refined tall oil f a t ty  acids if  they are low in 
both unsaponifiables and rosin. On products  with 
higher rosin and unsaponifiable content and for most 
accurate results, the f a t t y  acids must  first be isolated. 
To separate the f a t ty  acids a sample is esterified with 
methanol and the rosin is extracted with alkali. The 
ester is saponified, and the unsaponifiables are re- 
moved by extract ion with ether. The f a t t y  acids are 
then l iberated f rom the remaining soap solution, taken 
up in ether, washed acid-free, and dried. 

C o n j u g a t e d  a n d  nonconjugated polyunsa tura ted  
f a t t y  acids are determined according to the modi- 
fled Briee and Swain ultraviolet  spectrophotometrie  
m e t h o d  A.O.C.S.  L12a-55 and  Cd 7-48, u s ing  a 
Beckman Model DU quartz spectrophotometer.  This 
method is based on the measurement  of conjugated 
linoleic acid by ultraviolet  absorption before and af ter  
isomerization of the sample by  heating with a glycol 
or glycerol sodimn hydroxide solution, which converts 
the nonconjugated linoleic acid to the conjugated type. 
Since the polyunsatura ted  acids consist mainly  of di- 
cnoic acids with less than 1% of trieuoic acids and no 
acids of higher unsaturat ion,  readings are taken at 
wavelengths of 233, 262, 268, and 274 m/, only. 

Sa tura ted  f a t t y  acids, which in tall oil f a t ty  acids 
consist mainly  of palmitie acid, are determined ac- 
cording' to the lead salt method A.O.C.S. Cd 6-38. 
Since rosin is also precipitated,  a eorrection for the 
rosin content of the sample must  be applied. With  
eertain products  the lead salts do not erystallize 
readily. A method which is sometimes bet ter  but  is 
also subject to a lot of complications is the separat ion 
of the solid acids by low-temperature  crystallization 
f rom a methanol-water  mixture.  The determinat ion 
of palmitie acid can also be carried out by  a quanti- 
tat ive fract ional  distillation of the methyl  esters. 
None of these methods is very satisfactory.  I t  is 
expeeted tha t  vapor  chromatographic  separat ion of 
the methyl  esters will not only allow an accurate 
determinat ion of palmitie acid but  also the direct 
determinat ion of oleic acid, linoleic acid, and higher 
moleeular sa turated and unsatura ted  f a t t y  acids. 
Oleic a d d  is, at  present, determined as the difference 
between the total  f a t t y  acids and the sum of satu- 
ra ted and polyunsatura ted  f a t t y  acids. 

As with most refined produets,  color has become an 
impor tan t  criterion of quality. I t  is at  present  de- 

termined with a Hellige color eompara tor  and the 
Gardner  Varnish scale. This has so fa r  been the most 
sat isfactory method even for  the extremely pale-col- 
ored tall oil f a t t y  acids. The determinat ion of color 
by  using the Lovibond Scale has not found adoption 
among users and producers  of tall oil products.  The 
reason is that  the method is cumbersome, and the color 
s tandards  are expensive to maintain.  However  there 
is room for  an improved method, par t icu lar ly  for  
the determinat ion of very  l ight colors where a more 
discr iminat ing method is needed. Spec t ropho tomet r i c  
measurement  of color promises to eliminate the human  
factor  of visual determinations.  A committee of the 
A.O.C.S. is working on this problem. 

Specific g rav i ty  is impor tan t  for  weight-per-gallon 
informat ion needed for  sh ipping and storage. Vis- 
cosity and flash-point are usual ly  given in a typical  
analysis for  customers '  information.  

Refract ive index is one of the most useful  values 
for  product ion control in tall oil refining plants. I t  
takes less than one minute  to run  a refract ive index, 
yet  the value obtained is highly significant in judging 
quali ty changes in the finished and intermediate prod- 
nets. The refract ive index of a specific product  is in- 
fluenced mainly  by the rosin and the unsaponifiables 
content and to a minor degree by the composition 
of the f a t t y  acids. While the relationship between 
refract ive index and composition varies f rom product  
to product,  as well as for the same product  made at 
different times, it can nevertheless be used to deter- 
mine changes in the rosin and unsaponifiable content 
of still products  by using factors  determined f rom 
time to time by actual  ehenfieal tests. For  example, 
the total  of the rosin acids and unsaponifiable content 
can be determined by refract ive  index, using the 
latest factor  for the product  in question. Then if the 
rosin acids content is known (i.e., recently determined 
by chemical analysis) the unsaponifiable content can 
be calculated by  the difference, or, if the unsaponifi- 
able content is known, the rosin acids can be calcu- 
late& A typical  curve showing the relationship be- 
tween the refract ive index and the total  for  rosin 
acids and unsaponifiables dur ing a certain product ion 
period is shown in F igure  3. 

Pour-point ,  cloud-point, and t i ter are often re- 
quested by  customers who are concerned with the 
storing qualities of tall oil and tall oil f a t t y  acids. 
Unfor tuna te ly  none of these values can be accurately 
determined in tall oil products,  or, if determined, the 
data are of no value in judging  the behavior of the 
products  on storage. There are two constituents in tall 
oil and tall oil f a t t y  acids which at low tempera ture  
can crystallize and settle f rom solution. One is rosin, 
which readily forms supersa tura ted  solutions. These 
may  remain liquid for  days and then unpredic tably  
set up solid even at room temperature .  Neither  the 
pour-point  nor the t i ter  would detect supersaturat ion.  
The other consti tuent is palmitie acid. I t  comes out 
more readily on cooling, first as a fine cloud and 
finally settling out as a bottom layer af ter  2 4 4 8  hrs. 
A t i ter  test which is determined by the heat of crys- 
tallization of the solid acid, in this ease palmitic acid, 
will not show up unless the concentration of the solid 
acid is high enough. Most distilled tall oils and tall 
oil f a t t y  acids contain less than 3% of palmitic acid, 
a concentration too low to give a noticeable exotherm 
on cooling of the sample. The cloud-point will va ry  
and not tell the s tory either. The most reliable test 
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for storage behavior is to place the sample in a refr ig-  
erator  at the desired tempera ture  for testing, shaking, 
and examining daily for several days. 

Another  test which is not suitable for tall oil and 
tall oil f a t t y  acids is the Iodine Number.  While this 
value is of considerable significance in judging the 
unsa tura ted  f a t t y  acid content of vegetable and ma- 
rine otis in connection with their  d ry ing  qualities, 
it cannot be used to judge tall oil products  because 
both rosin and unsaponiflables great ly  influence the 
iodine test. A better  method for  judging the quali ty 
of tall oil f a t t y  acids in connection with dry ing  prop- 
erties is to determine the conjugated and total  linoleic 
acid content by  speetrophotometric analysis. 

T a l l  O i l  R o s i n  

Analyt ical  values usual ly or occasionally deter- 
mined on tall oil rosin are the following: 

Chemical Values. A c i d  n u m b e r ,  s a p o n i f i c a t i o n  n u m b e r ,  r o s i n  
a c i d s ,  f a t t y  a c i d s ,  u n s a p o n i f i a b l e s ,  a sh ,  i r o n ,  a b i e t i e  a c i d ,  a n d  
d e h y d r o a b i e t i c  a c i d .  

Physical Values. Color ,  h a r d n e s s ,  o p t i c a l  r o t a t i o n ,  a n d  s o f t e n -  
i n g  p o i n t .  

Acid number  and saponification number  are car- 
ried out according to A.S.T.M. D 465-51 and A.S.T.M. 
D 464-51, respectively. Referee methods use potenti-  
ometric t i t rat ion,  and the a l ternate  indicator methods 
use phenolphthalein as an indicator. Solvents are 
ethyl or methyl  alcohol with the addit ion of some 
benzene, to effect a clear solution. The acid number  
is perhaps  the most impor tan t  criterion for  rosin 
quality. I t  is a measure of the acid equivalents avail- 
able for chemical reactions and indicates whether  the 
rosin has been subjected to heat t rea tment  or other 
modification such as neutralization. 

Since tall oil rosin is separated f rom f a t t y  acids 
by a fract ional  distillation process, the determinat ion 
of residual f a t t y  acids is of great  importance for  the 
purpose of p lant  control dur ing product ion to assure 
a high qual i ty  product.  Producers  regulate  their  
processes so as to obtain a clear, hard,  vi treous high- 
melt ing rosin containing usually less than  3% of 
f a t t y  acids. 

The method used for  the determinat ion of f a t t y  
acids in rosin had originally been developed in our 
laboratories. I t s  principle is to calculate the f a t t y  
acids content f rom the difference between the total  

acidi ty of the sample, determined as acid number,  and 
the acidi ty contr ibuted by  the rosin acids, determined 
either according to a modified Wolff method or the 
Linder  Persson method. Since the f a t t y  acids remain- 
ing in tall oil rosin consist of oleie acid and higher 
molecular f a t t y  acids of vary ing  compositions, i t  has 
become customary to compute and repor t  the f a t t y  
acids content as oleic acid. 

The A.S.T.M. has recently carried out a collabora- 
tive testing p rogram on modifications of this method, 
which are now in the process of being adopted as 
standards.  A short outline of the method is as follows: 

a )  D e t e r m i n e  t h e  a c i d  n u m b e r  o f  t h e  r o s i n ;  

b )  d e t e r m i n e  r o s i n  a c i d s  b y  u s i n g  e i t h e r  a Wol f f  m e t h o d  w i t h  
5 r a in .  o f  r e f l u x  t i m e  or  t h e  L i n d e r  P e r s s o n  m e t h o d ;  

e)  c a l c u l a t e  f a t t y  a c i d s  c o n t e n t  f r o m  a c i d  n u m b e r  a n d  r o s i n  
a c i d s  c o n t e n t  a s  f o l l o w s :  

A N -  ( %  R A  • 1 . 8 5 5 )  
F a t t y  a c i d  % = 

( a s  o le ic  a c i d )  1 .986  

w h e r e  

A N  = a c i d  n u m b e r  

R A  = r o s i n  a c i d s  

There are two methods for  the determinat ion of 
unsaponifiables in rosin, A.S.T.M. D 1065-56, Meth- 
ods A and B. Method A is a continuous-extraction 
method;  Method B, a separa tory  funnel  method iden- 
tical to A.S.T.M. D 803-55T for tall oil. Fo r  some t ime 
the continuous-extraction method has been the only 
standard.  Many  users of rosin and pr ivate  tes t ing 
laboratories did not have the continuous-extraction 
equipment.  Tall oil producers  who entered the rosin 
field in 1950 used their  funnel  method for  the deter- 
minat ion of unsaponifiables in tall oil. The A.S.T.M. 
t h e r e f o r e  dec ided  to deve lop  an  a l t e r n a t e  f u n n e l  
method for  rosin which would give values identical 
to the continuous method. The A.S.T.M. subcommit- 
tee on rosin carried out considerable work dur ing 
1952-1954 on these methods. I t  was found tha t  a 
higher alkali concentration (2N) dur ing  the saponi- 
fication step gave more reliable results in both meth- 
ods and allowed some simplification in the extraction 
method. The revised methods were tested on gum 
rosin, wood rosin, and tall oil rosin. The results 
obtained by  eight analysts of six A.S.T.M. member  
laboratories with tall oil rosin, comparing the re- 
vised continuous-extraction method with the separa- 
tory  funnel  method, Method D 1065-56, Methods A 
and B, are shown in Table IV. 

The method for  ash is A.S.T.M. D 1063-51 and for  
iron, A.S.T.IV[. D-1064-51. Neither  method is used 
often on tall oil rosin. Since tall oil rosin is made by 
distillation, it should be very  low in both ash and 
iron unless iron is picked up  f rom the still, which 
then indicates the existence of a serious corrosion 
problem for  the producer.  

TABLE IV 

Results of A.S.T.M. Collaborative Tests of Method for 
Unsaponifiables in Rosin 

Results with tail oil rosin 

Analyst  ....................... 

Method A .................... 

Method B .................... 

1 2 3 4 5 6 7 8 

3.3 3.4 3.5 3.4 3.4 3.8 3.5 3.4 
3.3 3.3 3.3 3.4 3.5 3.7 3.6 3.4 
3.3 3.4 3.5 3.5 3.4 - -  - -  

3.8 3.7 3.7 3.1 3.4 3.6 3.8 3.6 
3.7 3.6 3.7 3.2 3.4 3.7 3.6 3.7 
3.7 3,7 3.7 3.4 

Method A. Separa tory  funnel  method. 
Method ]3. Continuous extraction method. 
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Abietie and dehydroabietie acid is determined on 
tall oil rosin which has been subjected to some treat-  
mea t  such as disproport ionat ion or dehydrogenat ion 
to produce rosin specialties. In  general, a modification 
of the method developed dur ing World  W a r  I I  by 
the Rubber  Reserve (10) is used. A sample is dis- 
solved in either ethanol or methanol, and its absorp- 
tion is measured at wavelengths 241, 273, 276, 279, 
and 300 m/,, using a Beckman Model DU quartz 
spectrophotometer.  

Color is determined according to A.S.T.M. D 509-55, 
using U. S. government  rosin standards.  

The hardness of tall oil rosin is a good criterion for 
low fat ty-acid content. I t  is not sat isfactory for  
quant i ta t ive determinations but can be used with ad- 
vantage as a quick test for control of still operations. 
We adopted for this purpose a Precision Universal  
A.S.T.M. Penetrometer .  The rosin is poured into a 
mold consisting of a r ing 1/, in. high and 3/4 in. in 
diameter. The rosin held by the r ing is cooled to 
25~ in a water  bath, and the penetrat ion is deter- 

mined by using a penetrometer  needle, a 150-g. weight, 
and a 10-second release time. (The rosin cubes used 
for color determinations, sui tably cooled, m a y  also 
be used.) We have recommended this method to our 
friends, and it is now used by several producers  of 
tall oil rosin. The needle must  be replaced f requent ly  
to assure un i formi ty  of results. While it is a good 
qualitative method, ali efforts to make it a quanti ta-  
tive measure for  f a t t y  acid have failed because of the 
m a n y  factors tha t  influence hardness in rosin. 

Optical rotat ion is very useful  for the control of 
processing rosin by heat  t reat ing,  disproportionation,  
and dehydrogenation.  We dissolve the rosin in ehlo- 
roform and determine its rotat ion in a 1-decimeter 
tube, using a Rudolf  Model 60 Polar imeter  with a 
sodium lamp. The results are expressed as specific 
rotation. The rotat ion can also be measured on the 
solid rosin, which is poured into a special metal  and 
glass cuvette and allowed to cool The resul ts  are not 
as accurate because strains set up in the rosin dur ing 
cooling influence the rotation. 

The softening point of rosin is determined by  the 
r ing and ball method A.S.T.M. E 28-51T. 

Summary 
The pr incipal  s tandard  methods used by  the Ameri-  

can indus t ry  for  the analysis and quali ty control of 
tall  oil products  have been discussed, and some of the 
work of the A.S.T.M. in developing these methods has 
been reviewed. 

Fu r the r  growth of the tall oil indus t ry  will un- 
doubtedly result  in new products  of greater  refine- 
ment  and wider utilization. New and improved meth- 
ods of analysis will be required. These can be worked 
out by the indus t ry  in continued collaborative work 
under  the auspices of the A.S.T.M. and A.O.C.S. 
Undoubtedly  ins t rumenta l  test  methods such as infra-  
red and ultraviolet  spectroscopy and g a s  chromatog- 
r aphy  will p lay a role of increasing importance in 
the analysis of tall oil products.  
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Continuous Acidulation Process for Tall Oil Production 
FRANK E. SULLIVAN, The De Laval Separator Company, Poughkeepsie, New York 

T HE ORIGINAL ~[ETHOD for producing tall oil was 
a batch system, developed in Sweden and Fin- 
land (1) about  1905, which consisted s imply of 

react ing the black liquor skimmings with sulfuric 
acid in a large wooden tank  at tempera tures  near  
200~176 The acidified mixture  was gravi ty-  
sett led; and the upper  layer, the crude tall oil, was 

t Presented at  the Spr ing Meeting, Amer ican  Oil Chemists'  Society, 
Memphis, Tenn., April  21-23 ,  1958. 

skimmed off leaving a residue of lignin, spent sulfuric 
acid, and salt cake. Unti l  recently this batch method, 
with minor improvements,  has been the only system 
available;  and, for  that  matter ,  some companies are 
still using it (2). 

As a result  of a eooperative p rogram between New- 
por t  Industr ies  and De Laval,  a nozzle type of centri- 
fuge was installed and placed in commercial opera- 
tion in 1953 at Newpor t ' s  p lant  in Alabama. This 


