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T 
HE ttIGI~ QUALITY and low cost of fractionated 

tall oil fatty acids of low rosin content together 
with their favorable availability have captured 

the interest of alkyd and paint chemists. The his- 
toric, slower-drying characteristics of the tall oil acids 
have been overcome to a large extent by the High 
Polymer Technique (1) .  The door is therefore open 
to wider utilization of the tall oil fatty acids alone 
or in  conjunction with the spectrum of oils and fatty 
acids used in alkyd resin production. 

This paper deals with alkyds containing tall oil 
fatty acids admixed with varying proportions of soya 
fatty acids and soya oil as well as with linseed fatty 
acids and linseed oil both by conventional and High 
Polynler procedures and offers comparison of proper- 
ties of the vehicles prepared. 

Experimental 

Since long oil alkyds comprise such a large pro- 
portion of the current resin production for trade sales 
paints, this type of alkyd was selected as the basis of 
our study. As a method of fornmlation of a repre- 
sentative resin, the molar approach to alkyd struc- 
ture (2) was applied to a 23% phthalie alkyd and a 
reel ratio of 1.035/1/1.41 (phthalic anhydride/tech- 
nical pentaerythritol / fatty  acid) was evolved. Be- 
cause the contribution of the fatty acid portion was 
our main interest, various combinations were made 
with tall oil fatty acids and soy or linseed fatty acids. 

The High Po]ymer Alkyd Technique was used in 
addition to the conventional methods of alkyd prep- 
aration to determine the extent of improvement in 
properties in those combinations studied. Solvent 
processing (3) was used in the resin preparations to 
take advantage of its greater reproducibility and 
minimum losses. 

To prepare a High Polymer alkyd having the 1.035/  
1/1.41 formulation and 70% initial esterification, in 
which the ratio of soya fatty acids to tall oil fatty 
acids was 75/25, the following formulation and pro- 
cedure were used. 

To a t h r e e - n e c k e d ,  3 - l i t e r ,  round-bot tomed f lask w i t h  ther- 
mometer ,  st irrer,  and  a D e a n - S t a r k  trap  surmounted  b y  a w a t e r  
condenser  a t tached,  were  added  365 g .  ( 1 . 2 6  m o l e s )  o f  s o y a  
f a t t y  a c i d s ,  121  g .  (0 .42  m o l e )  of  ta l l  oil f a t t y  a c i d s ,  1 246  g .  
(1 .70  m o l e s )  of  technica l  pentaerythr i to l ,  and  261 g .  ( 1 . 7 6  
m o l e s )  of  phtha l i c  anhydride .  

T h e  s y s t e m  w a s  h e a t e d  to  2 1 0 ~  with  sufficient a g i t a t i o n  
and xy lo l  for r e f lux .  T h e  t e m p e r a t u r e  w a s  h e l d  a t  2 1 0 ~  unt i l  
a n  a c i d  n u m b e r  o f  10 w a s  a c h i e v e d .  T h e n  156  g .  ( 0 . 5 4  m o l e )  
of  soya  f a t t y  acids and  51 g .  ( 0 . 1 8  m o l e )  of  ta l l  oil f a t t y  
acids  w e r e  a d d e d .  

T h e  t e m p e r a t u r e  w a s  r a i s e d  a g a i n  to  2 4 5 ~  and held  at  this  
t e m p e r a t u r e  u n t i l  a n  a c i d  n u m b e r  o f  ca. 8 w a s  r e a c h e d .  A f t e r  
cool ing  to 160~ the sys tem was  di luted to 50% nonvolat i l e  
in minera l  spirits .  The convent iona l  method  of  cooking  this  
a l k y d  was  to charge  all  the  m a t e r i a l s ,  h e a t  to  2 4 5 ~  with  
a g i t a t i o n  and xy lo l  for  reflux,  and hold a t  2 4 5 ~  u n t i l  a n  
acid number of  ca. 8 w a s  r e a c h e d .  

To prepare the soybean oil-tall oil fatty acid alkyds 
by the High Polymer Alkyd Technique in which the 
ratio of soya fatty acids to tall oil fatty acids was 
also 75/25, 25% of the oil was withheld and replaced 
with glycerol or pentaerythritol and tall oil fatty 
acids. Thus the formulation and procedure were as 
follows. 

T o  a t h r e e - n e c k e d ,  3 - l i t e r ,  round-bot tomed flask wi th  ther-  
mometer ,  st irrer,  and inert  gas  in le t  tube a t tached  were  added 
620  g .  (0 .70  m o l e )  o f  a l k a l i - r e f i n e d  soybean  oil,  188  g .  ( 1 . 3 0  
m o l e s )  of  pentaerythr i to l ,  and  0 .0620  g .  of  l i tharge .  

T h e  sys tem was  heated  to 230~ wi th  adequate  a g i t a t i o n  
and a CO: blanke t  and  was  held  at  this  t e m p e r a t u r e  unt i l  a 
m e t h a n o l  so lubi l i ty  of  21~ parts  of  m e t h a n o l  to 1 par t  of  a lco-  
h o l y s a t e  was  achieved.  The sys t em was  then  changed  to a sol- 
vent  type  of  cook. N e x t  306  g .  ( 2 . 0 7  m o l e s )  of  phthal ic  anhy-  
dride w e r e  a d d e d ,  and  the  sy s t em was  e s t e r i f i e d  a t  2 1 0 ~  w i t h  
xy lo l  ref lux unt i l  an  ac id  number  of  10 was  a c h i e v e d .  T h e n  

Aconew Extra tall oil fatty acids from Newport Industries. 

T A B L E  I 
Soya Patty Acid-Tall Oil Fatty Acid Alkyds Conventional Preparation v s .  High Polymer Technique 

Soya/tall 
ratio Method Color 

@ 5 0 M  
Viscosity 
@ 5 o M  

Acid No. 
(solids) Set to 

touch 
hr. : min. 

100 /0  Cony. 5 +  A 7.3 2 :01  
100 /0  I-IPT 5--  G 7.4 2 :56  

75 /25  Cony. 5 +  A 7.5 3 :29  
75 /25  H P T  5 I 7.0 2 :48  
5 0 / 5 0  Cony. 5 +  A 8.0 3 :27  
50 /50  H P T  5 -6  F 8.0 2 :47  
25 /75  Cony. 5 +  A 7.5 3 :25  
25 /75  I-IPT 5 G 8.2 2 :46  

0 /100  Cony. 5-}- A 8.1 3:23 
0 /100  H P T  5 H 7.6 2 :54  

Notes. 1. Cold- and hot-~vater resistances of all films in the same range .  
2. 1% Tide resis tance (167~ of all films in the same range (1 -2  
3. 8 ~  NaOH resisSance (RT) of all films in the same range ( 2 - 4  

Drying times 

Tack-free 
hr. : min. 

4 :15  
4 :56  
5 :30  
4 :03  
5 :57  
4 :17  
6:05 
4 :46  
6 :07  
4 :54  

Foil-dry 
hr. : rain. 

9 :00  
7 :00  
9 :30  
8 :40  

12--15 
9 :17  

12 -15  
10 :00  
12 -15  

9 :30  

1 

lO  

Sward hardness 

days 

7 14 

24 26 
20 24 
24 24 
20 34 
18 20 
22 22 
20 22 
20 20 
18 2O 
16 16 

28 

38 
3 0  
32 
40 
26 
30 
30 
32 
32 
22 

hr .  / . 
h r . ) .  
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T A B L E  I I  
L inseed  F a t t y  Acid-Tall  Oil F a t t y  Acid Alkyds  Conven t iona l  P r e p a r a t i o n  v s .  H i g h  P o l y m e r  Techn ique  

167 

Linseed / t a l l  
ra t io  

Color 
@ 5 o ~ I  Method 

100 /0  Conv. 
t t P T  

75 /25  HPTC~ 6- -  

50 /50  Cony. 
H P T  5 +  

2 5 / 7 5  Cony. 
H P T  5 +  

0 / 1 0 0  ConV.HPT 5-[- 

Viscos i ty  
@SOM 

7 
D r y  t imes  

Acid No. 
(sol ids)  

7.6 
12.4 

8.2 
14.2 

8.6 
7.5 
7.6 
7.6 
8 . l  
7.6 

Se t  to touch 
hr.  : m i n .  

1 : 3 6  
1 : 2 3  
1 : 3 4  
1 : 1 7  
2 : 5 2  
1 : 3 5  
3 : 0 0  
2 : 4 8  
3 : 2 3  
2 : 5 4  

T a c k  f ree  
hr.  : rain.  

2 : 3 6  
1 : 5 8  
2 : 3 4  
2 : 0 7  
3 : 3 2  
3 : 2 0  
3 : 4 5  
4 : 0 4  
6 : 0 7  
4 : 5 4  

Foi l -dry  I - 
hr .  : rain.  I 

4 : 3 6  
4 : 0 0  
5 : 0 4  
4 : 3 0  
8 : 4 7  
5 : 0 5  

1 0 : 0 0  
8 : 3 4  

12--15 
9 : 3 0  

10 

12 
1 0  
l o  

8 

S w a r d  h a r d n e s s  
days  

7 14 

28 42 
28 36 
36 34 
34 32 
24 28 
30 32 
20 28 
26 32 
18 20 
16 16 

3 %  N a O H  
( R T )  

T ime  to 
denude 

28 h r . : m i n ,  

60 6 : 0 0  
50 8 : 3 0  
48 2 : 4 5  
40 8 : 0 0  
38 2 : 0 0  
42 7 : 3 0  
40  2 : 3 0  
40 2 : 3 0  
32 2 : 3 0  
22 3 : 1 5  

Note :  Cold- and  hot -water  r e s i s t ance  of all fihns in  the  s a m e  r a n g e .  

202 g. (0.70 mole) of tall oil fatty acids were added and 
esterified at 245~ until an acid number of c a .  8 was attained. 
After cooling, the system was diluted to 50% solids in mineral 
s p i r i t s .  

T h e  c o n v e n t i o n a l  m e t h o d  o f  c o o k i n g  t h e  M l - s o y b e a n  a l k y d  w a s  
t o  a l e o h o l y z e  t h e  oi l  a n d  p e n t a e r y t h r i t o l ,  a d d  t h e  p h t h M i e ,  a n d  
e s t e r i f y  u n t i l  a n  a c i d  n u m b e r  o f  c a .  8 w a s  a t t M n e d .  

The soya type of f a t t y  acids-tall oil f a t t y  acids mix- 
tures  were n]ade by both the conventional and High 
Polymer  Technique in the following ratios: 100/0, 
75/25, 50/50, 25/75, 0/100. The air-dried film data  
for  these resins are presented in Table I. The data  
on the oil and o i l : fa t ty  acid mixtures  are not pre- 
sented because they do not lend themselves to com- 
parison in a homologous series. They are described 
later. 

The results of Table I indicate the advantages of 
High  Polymer  Technique in reducing d ry  times and 
resin co,lor as well as in increasing viscosity. I t  is 
interest ing to note that  a 75/25 soya/ ta l l  ratio High  
Polymer  Technique produces a slightly fas ter  dry ing  
and equal-hardness fihn as compared with a 100% 
soy acid conventional resin. Table I also shows that  
alkyds based on mixtures  os the two acids may  in 
some cases give harder  films than those based on each 
acid alone. The reason for  this behavior is obscure at 
present. 

Although the viscosity of comparable systems is not 
identical, work independent  of the paper  indicates 
that,  even where these are made equal, the d ry  times 

of the conventional systems are longer than those 
based on the High  Polymer  Technique. Equal  vis- 
cosities were general ly achieved in such studies by  
processing the conventional a lkyd to a lower acid 
number.  

Table I I  describes the results of the s tudy  made 
with linseed f a t t y  acids by using the same type of 
formulat ions previously described for  the soybean 
series. D r y  times increase markedly  in these conven- 
tional alkyds beyond the 75/25 l inseed/tal l  ratio. 
Caustic resistances and hardness of film show similar 
variations. 

Table I I  indicates again the value of the High Poly- 
mer Technique. Mixtures of 75/25 and 50/50 l inseed/  
tall show propert ies  which are superior  or equal to 
those of linseed f a t ty  acid conventional alkyds. 

Table I I I  presents informat ion on systems derived 
f rom linseed oil and soybean oil. When the High 
Polymer  Technique is applied to oils, the amount  of 
oil withheld is replaced by its molecular equivalent of 
f a t ty  acid and polyol. In  the prepara t ion  the main 
port ion of the oil and the normal  amount  of polyol 
used in the alcoholysis is combined with the equiva- 
lent amount  of polyol. Af te r  alcoholysis the phthalie 
anhydr ide  is added;  the resin is cooked to low acid 
number ;  the remainder  of f a t t y  acid is added and 
again proeessed to a resin of low acid number.  The 
linseed oii data  indicate that  pentaerythr i toI  is a 

T A B L E  I l l  
Oi l -Fat ty  Acids  A l k y d s - - C o n v e n t i o n a l  v s .  H i g h  P o l y m e r  

Modif icat ion 

L inseed  oil ( conven t iona l )  

H P T  
a L inseed  oil and  tall oil f a t t y  

acids  75 /25  

I-I lo T 
b L inseed  oil and  tall oil f a t ty  

acids  75 /25  

Soybean oil ( conven t iona l )  

t t P T  
Soybean oil and  tall oil fatty 
acids  75 /25  

H P T  
b Soybean  oil and  tall oil fatty 

acids  75 /25  

Color 
@ 5 o M  

Viscos i ty  
@ 5o~ 

F 

E 

A 

Acid No. 
(sol ids)  

8.0 

8.5 

8.0 

8.8 

8.6 

8.0 

Set  to 
touch 

hr.  :min .  

1:30  

1 : 3 4  

1 : 5 8  

2 : 4 2  

2 : 4 1  

5 : 3 1  

D r y  times 

Tack-  Foil- 
f ree  d r y  

hr .  :rain.  hr .  :min .  

3 : 1 5  5 : 1 5  

3 : 3 0  5 : 3 0  

5 : 0 0  1 0 : 1 3  

4 : 4 2  1 0 : 2 8  

4 : 4 1  9 : 4 0  

8 : 2 5  2 4 - 3 0  

a P E  recons t i tu ted ,  b Glycerol recons t i tu ted .  
Notes :  Cold- a n d  ho t -wate r  r e s i s t ance  of all fi lms in  the  same  r ange .  

1 

8 

10 

10 

10 

10 

6 

S w a r d  h a r d n e s s  

D a y s  

14 

28 36 

22 22 

18 18 

20 20 

12 12 

28 

48 

48 

32 

22 

30 

16 

1 %  Tide  
( 1 6 7 ~  
T ime  to 
d e n u d e  
hr .  : rain. 

4 : 3 0  

3 : 0 0  

1 : 0 0  

All fi lms 
de nude d  
in 1 � 8 9  
2 hr .  

All films 
de nude d  
in 1 � 8 9  
2 hr .  

All fi lms 
de nude d  
in 11/2 - 
2 hr .  

3 %  
NaOl=I 
( R T )  

T ime  to 
denude  
hr .  :rain.  

9 : 0 0  

7 : 4 5  

3 : 3 0  

All fi lms 
denuded  
in 1 � 8 9  
3 hr.  

All fihns 
denuded  
in 1 � 8 9  
3 hr.  

All films 
denuded  
in 1 �89 
3 hr, 
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better choice for dry  time, hardness, and resistances 
than glycerol in this application. 

From the soybean oil data it appears that the High 
Polymer Technique with pentaerythri tol  gives better 
dry  times and hardness than the usual preparations. 

Conclusions 
Tall oil fa t ty  acids may replace up to 50% of lin- 

seed or soya fa t ty  acids, using the High Polymer 
Alkyd Technique, to obtain similar dry  rates and 
resistances of conventional all-linseed or soy long-oil 
vehicles. Tall oil fa t ty  acids also can be substituted 
for 25% of either linseed or soya fa t ty  acids without 

adverse effects on the drying rates of conventionally 
prepared long-oil alkyds. 

Tall oil f a t ty  acids likewise may be used in con- 
junction with the aleoholysis type of alkyds by the 
use of the High Polymer Technique. These vehicles 
show properties similar to conventional resins pre- 
pared from linseed oil and improvements over resins 
based on soybean oil. 
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The Fractionation of Lanolin With  Urea 1 
ABNER EISNER, WILFRED R. NOBLE, and JOHN T. SCANLAN, 
Eastern Regional Research Laboratory, 2 Philadelphia, Pennsylvania 

W 
OOL WAX, the secretion product  of the sebace- 
ous glands of the sheep, is a complex mixture 
of high molecular weight esters. A large 

number of acids and alcohols have been isolated (10, 
2, 6, 3) frmn the saponification products of wool wax. 
Some of the alcohols are dihydric, and some of the 
acids are hydroxy acids. Consequently the possible 
number of ester and diester combinations is very 
large. However it has been demonstrated that many 
of the cmnponents of both alcohot fraction and the 
acid fraction form urea adducts (7, 8). Some of the 
esters present should also possess the necessary re- 
quirements to form adduets with urea, but statements 
that  wool grease does not form an adduct with urea 
have appeared in the literature (9). 

In  the course of an investigation of the transesteri- 
fieation of lanolin with meth3q acetate, the formation 
of urea adduets was used as a measure of the extent 
of the transesterification reaction. As a cheek on the 
validity of this procedure, a blank run was made 
on the original lanolin. I t  was found that by apply- 
ing the method for making urea adduets to lanolin, 
a urea adduct  can be made. The fraction forming the 
emnplex is about 6-8% of the original lanolin. In  ad- 
dition to the hard, nontaeky wax fraction recovered 
from the separated urea complex, a fluid fraction and 
a sticky semisolid were also obtained. The latter two 
fractions were obtained by the solvent extraction of 
the nonadduet-forming material from urea adducts. 

The fluid fraetion, a viscous liquid at room temper- 
ature, amounts to about 71% of the original lanolin. 
The properties of this fraction indicate that it may 
have considerable practical utility. I ts  analysis shows 
it to be practically of the same composition as lanolin. 
This and the ease with which it can be handled make 
it potentially valuable for use in formulations in place 
of ordinary lanolin. Fur thermore  it has better solubil- 
i ty than unmodified lanolin. At  25~ a 10% solution 
of the fluid fraction in mineral oil remains clear 
while a similar solution made from ordinary lanolin 
is cloudy. As in the ease of lanolin, a fur ther  im- 
provement in the fluid properties of the fraction can 
be obtained by acetylation (1). 

1Presented at the Fall Meeting, American Oil Chemists' Society, 
Chicago, Ill., October 20-22, 1958. 

2Eastern Utilization Research and Development Division, Agricul- 
tura l  Research Service, United States Department of Agriculture. 

In  the production of the eomplexes, i.e., when lano- 
lin was treated with urea and methanol, the solution 
of any one component in any other was only partial, 
and the result was a physical mixture in the form of 
a stiff paste. In  order to separate the complexes from 
the portion of lanolin which does not form a complex, 
it was necessary to extract the latter with a solvent. 
E t h e r  was used because the solubility of urea in 
ether is slight; consequently the possibility of de- 
stroying the complexes dur ing the extraction is less- 
ened. The bulk of the extraction was carried out by 
slurrying the mixture with cold ether and filtering. 
The filter cake was washed several times with cold 
ether. The batch-extraction did not remove all the 
noneomplex-forming material. Some of the nonad- 
duct-forming material clung tenaciously to the com- 
plexes but could be recovered by extraction with 
ether in a Soxhlet apparatus.  The three fractions 
thus obtained differ markedly in appearance. The 
noncomplex fraction most easily removed from the 
adducts was a viscous liquid. The second noncomplex 
fraction was a sticky semi-solid. The complex-form- 
ing fraction was a hard, white wax. 

Experimental 
Five hundred grams of U.S.P. lanolin were mixed 

with 1,500 ml. of methanol and 480 g. of urea while 
being heated on the steam bath. Heating was con- 
tinued until  sufficient methanol had boiled off to leave 
the mixture as a stiff paste. The mixture was then 
removed from the source of heat and stirred vigor- 
ously, using a mechanical stirrer, for 45 min. At  
the end of the stirring period the mixture was cooled 
to 2~ and kept at this temperature over-night. 
Sufficient ether was added to form a thin slurry, and 
the resulting mixture was filtered. The material on 
the filter was washed with more cold ether. The 
ethereal filtrate and washings were combined, ex- 
tracted with dilute HC1 to remove any urea, and 
water-washed until  neutral. The ether was then re- 
moved by distillation. The residue was a fluid prod- 
uct (Fract ion I) amounting to 71% of the original 
lanolin. The filter cake was extracted with ether in a 
Soxhlet apparatus  for 24 hr. The ether extract 
worked up in a manner similar to that  described 
above, yielded a sticky, semi-solid material (Fraction 


