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Drying Oils From 2,2,6,6-Tetramethylolcyclohexanol and 
Linseed Fatty Acids 
HAROLD WITTCOFF, General Mills inc., Minneapolis, Minn. 

T I l E  value of employing polyhydr ic  alcohols with 
a funct ional i ty  higher than tha t  of glycerol for  
the p repara t ion  of reconst i tuted dry ing  oils has 

been demonstrated by  several investigators.  Thus 
Burrell  (2, 3) has described dry ing  oil f a t t y  acid 
esters of pentaery thr i to l  and the polypcntaeryth-  
ritols, whereas Brandner  and co-workers  (1) have 
described similar esters of sorbitol. This pape r  de- 
scribes a) a s tudy  of the esterifieation of 2,2,6,6- 
tetramethylolcyelohexanol (TMC) with linseed f a t t y  
acids, and b) the propert ies  of the reconsti tuted oils. 

TMC is a pentahydr ic  alcohol with four  hydroxyl  
groups which are p r i m a ry  and one which is second- 
ary. I t  was first described in 1923 by  Mannich and 
Brose (6), who p repared  it by  the condensation of 
the cyclic ketone, eyelohexanone, with formaldehyde 
in the presence of lime. 

.2 "2 , ~cHo ca(om2 > ~~ I " c , ~ .  

CH 2 

+ HCOOH 

The pui'e mater ia l  which melts at 131~ is a white, 
beaut i ful ly  crystall ine solid with a hydroxyl  content 
of 38.6%. The product  used in the following investi- 
gations was p repa red  in the laboratory.  I t  was tech- 
nical in nature,  possessing a hydroxyl  content of 
36.0 4- 0.5%. The pentaerythr i to l  employed for  com- 
para t ive  Imrposes was a commercial  p roduc t  known 
as " P e n t e k , "  which has a hydroxyl  content of 47.0 
4- 0.5% as compared to the theoretical value of 
50.0%. The glycerol used was a redistilled U.S .P .  
reagent  with a theoretical hydroxyl  content of 55.3%. 
The linseed acids used were a commercial grade of 
distilled f a t t y  acids. 

The metallic stearates employed as esterifieation 
catalysts were p repa red  by  the following procedure:  
a hot solution of pure  stearic acid (6 g.) in alcohol 
(75 ca., 95%) was neutral ized to phenolphthalein 
with aleoholie sodium hydroxide (0.2 N).  The solu- 
tion was diluted with hot water  to a volume of 450 
co., and this was added with vigorous s t i r r ing to a 
10% excess of the requisite metall ic acetate in water  
(90 ca.). The precipi tate  was allowed to s tand for  
one hour and then was filtered b y  grav i ty  and 

1 Paper  No. 96, Journal  Series, Research Laboratories, General Mills, 
Inc.  

' Presented at 22nd annual  fall meeting, American Oil Chemists' So- 
ciety, New York City, Nov. 15-17, 1948. 

washed with water  (500 ca.). The pape r  containing 
the precipi tate  was then placed on a Biichner funnel, 
suction was applied, and the p roduc t  was washed 
with small quanti t ies of alcohol and ether. The soaps 
were finally dried i n  vacuo  at 70~ 

Esterification of TMC 

All reactions were carr ied out azeotropically in a 
one-liter, three-necked, round bot tom flask, equipped 
with s tandard  t aper  joints and modified to include 
a thermonmter  well. Tile flask was heated by  a 
" G l a s - C o l "  heat ing mantle.  One neck of tile flask 
was equipped with a s t i r rer  whereas a second neck 
contained a water  t r ap  of the Dean and Stark (4) 
type,  in which was inserted a Claisen-type tube. In 
one neck of the Claisen head was placed a condenser 
and in the other a small d ropping  funnel.  The thi rd  
neck contained a s t andard  taper  joint, into which was 
sealed a U-shaped tube  with an outside diameter  of 
about  one-fourth inch. One end of the tube reached 
below the surface of the reaction mixture  and the 
other contained a stopcock. This tube  provided a 
convenient means of sampling, for  the applicat ion of 
a positive pressure of ni t rogen in a balloon at  the 
condenser outlet forced a sample of the reaction mix- 
ture  out of the open stopcock of the U-tube. 

A xylene azeotrope was found  to facil i tate the 
esterification, the water  of reaction separat ing in the 
Dean and Stark  t rap ,  whereas the xylene flowed back 
into the reaction vessel. The t empera tu re  depended 
upon three factors :  the t empera tu re  of the "Glas -  
Co l "  heating mantle,  the ra te  of st irring, and  the 
amount  of xylene in the reaction mixture.  By keep- 
ing the first two factors  constant, the t empera ture  
of the reaction was relat ively easily controlled by  
the th i rd  means. The regulat ion of t empera tu re  b y  
control of the amount  of solvent has been described 
in some detail by  E a r h a r t  and Rabin  (5). Xylene 
could be added to the reaction mix ture  through the 
above-mentioned dropping  funnel,  whereas it could 
be removed through the water  t rap.  By this means 
it was possible, with some degree of experience, to 
main ta in  a t empera tu re  constant  within • 1% The 
xylene had an added advantage  in tha t  it provided 
an inert  a tmosphere for  the reaction. Ordinar i ly  50 
cc. of xylene was used at  the  start ,  a port ion of 
which was allowed to fill the t rap.  The amount  of 
xylene was adjus ted  by  the above-indicated method 
as the reaction progressed. 
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The samples which were taken at  intervals were 
desolvated, weighed, dissolved in a mixture  of xylene 
and isopropyl  alcohol, and t i t ra ted with 0.1 N sodium 
hydroxide to a phenolphthalein end-point.  The start-  
ing t ime of the reaction was designated as that  t ime 7~ 
at  which the t empera tu re  reached 170~ since it was 
here tha t  homogeneity seemed to be achieved. There- 
after,  the operat ing t empera tu re  was reached in 30 ~ 6o 
to 60 minutes, and once reached it was mainta ined -~ 
constant b y  the above-outlined procedure.  ~ 45 

The Uncatalyzed Esterification: The results of the 
uncatalyzed esterification studies are indicated in 
Figures  I - I I I .  F igure  I shows the effect of stoichi- 3o 
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ometry  on the uncata lyzed esterification at  235~ 
When stoichiometric proport ions of the alcohol and 
the acid were used, the rate of esterification was 
considerably slower than  when 10% excess of alcohol 
was employed. The results of the two esterifications 
follow : 

Visc. s t  
T i m e  Acid OI-I Color 25oG. 
( h r . )  No. No. ( G s r d -  ( G a r d n e r -  

h e r )  H o l d t )  

~toichiometr ic  
proport ions  ............. 9 .0  26 .8  6.2 12 :E-F 

t 0 %  exee~s 
T~[C ..... 8 .5  18.3  22 .3  10-11 E-F  

I t  will be seen in the first case that  the acid number  
was in excess of the hydroxyl  number  by  20.6 even 
though they were equivalent at the s tar t  of the reac- 
tion. This may  be shown to be equivalent to 12% 
excess acid. Accordingly,  in the second case where a 
10% excess of TMC was employed, the acid and hy- 
droxyl  numbers  were pract ical ly  equivalent  at  the 
end of the reaction. I t  is logical to assume, therefore, 
that  in the uncata lyzed esterification a side reaction 
such as etherification has taken place to a small ex- 
tent. Inspect ion of the data indicates tha t  90% of 
the reaction has taken place in the first hour. Fo r  
this reason kinetic in terpre ta t ion  is precluded since 
the bulk of the data is concerned with the last  10% 
of the react ion;  and  in this region deviation would 
be expected f rom the second order kinetics which 
ordinar i ly  characterize esterifications. 

F igure  I I  demonstrates  the effect of t empera tu re  
on the esterification. In  each case a 10% excess of 
alcohol was used. I t  is immediately obvious f rom the 
curves tha t  the uncata lyzed esterification proceeds 
more rap id ly  at  235~ than  it does at either the 

ESTERIFIGATION OF 2 ,2 ,6 ,6 -TETRAMETHYLOLCYCLOHEXANOL 
WITH LINSEED ACIDS AT VARIOUS TEMPERATURES" 
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lower or the higher temperature .  The reason for  this 
becomes apparen t  f rom the following data :  

Vise.  at 
Temper-  T i m e  Acid O H  Color 25~ 

ature  ( h r . )  No. No. ( G a r d n e r )  ( G a r d n e r -  
(~  IIoldt)  

235  8.5 18.3  22.3  10-11 E-F  
220  11 .0  33 .4  2.7 12-13 I)-E 
250  8.0 27.2  0 12 H 

These data show tha t  an equivalence of acid and 
alcohol was mainta ined only at 235~ At  220~ the 
hydroxyl  groups  were used up, p robab ly  because of 
side reactions such as etherification due to the longer 
heating period which was employed in an a t tempt  to 
obtain a lower acid value. Thus the acid number  at  
the end of the reaction was high. At  250~ the side 
reactions apparen t ly  proceeded more rapidly  than 
the esterification reaction so tha t  all of the alcohol 
was consumed at the end of eight hours, and the acid 
content was still high. A t  235~ however, when 
10% excess alcohol was employed initially, it was 
possible to mainta in  a balance between the two com- 
peting reactions of etherification and esterification 
such that  equivalent  quanti t ies of the react ing groups 
were present  at  all times. I n  other words, at 235~ 
the uncata lyzed esterification is rapid  enough and the 
side reactions are slow enough to produce results of 
a practical  nature.  The effect of t empera ture  on vis- 
cosity is well-i l lustrated b y  these experiments.  

In  F igure  I I I  the rate of esterification of TMC 
with linseed acids at  235~ is compared with that  of 
pentaerythr i to l  and glycerol. In  each case a 10% 
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excess of alcohol was used. The results are those 
which would be expected from the s t ructure  of the 
alcohols. The esteriiications star t  out at  about  the 
same rate since, initially, lmhindered p r imary  hy- 
droxyl groups are involved. Fentaerythr i to l  is esteri- 
fled most rapidly  because it contains only p r imary  
hydroxyl  groups. On the other hand, TMC is esteri- 
fled most slowly because in addition to four  p r imary  

45 
} 
Q 

so 
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unhindered hydroxyl  groups it contains a hindered 
secondary hydroxyl.  As may be shown by models, 
this secondary hydroxyl  group is undoubtedly more 
hindered than the secondary hydroxyl  group of glyc- 
erol whose esterification rate is intermediate between 
that of pentaerythr i to l  and TMC. The slower rate 
of estcrification of the lat ter  compound may be com- 
pensated for, as will be indicated later, by  the use of 
appropriate  catalysts. The properties of the three 
oils which were obtained in this series of experiments 
follow : 

I Vise.  a t  
T ime  Acid O H  Color 2 5 ~  

Alcohol (h r . )  No" I N~ I (Gard"  (Ga rdne r "  nor )  Hold t )  

T ~ c . . . ~  .......... : ! ~ / ~ -  ~ A -  lO-ll E-. 
Glycerol ...................... ', 8.0 I ~ 10.3 ] 18.4 1 I  B-O 
P e n t a e r y t h -  [ 

ritol . . . . . . . . . . . . . . . . . . . . . . . .  I 8.0 L 5.4 I 11.3 [ 11-12 C~D 

The TMC oil possessed the greatest  viscosity, a fact  
which is considered advantageous in many instances. 

The Catalyzed Esterification: Figure  IV demon- 
strates the catalytic effect of uranyl,  zinc, and lead 
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stearates on the esterification of TMC when 10% 
excess alcohol is used. These were chosen as the most 
efficacious from a long series of stearates investigated. 
Their  preparat ion has been described in the iutro- 
duction. An a rb i t r a ry  concentration of 0.0008 mole of 
catalyst  per 100 g. of acid was chosen. Other effective 
catalysts included the stearates of tin, nickel, cal- 
cium, silver, aluminum, chromilnn, Inanganese, plat- 
inum, and iron. 

Of the three catalysts, lead was the most effective, 
an acid number  of seven resulting af ter  eight hours 
of reaction. The propert ies of the reconsti tuted oils 
follow : 

1 I T i m e  
Cata y~t (h r . )  _ _  

None ........................... i 8.5 
U r a n y l  I 

s t e a r a t e  ................... i 8.0 
Zinc 

s t e a r a t e  .................. 8.0 
L e a d  I 

s t e a r a t e  ................... 8.0 

Acid 
No. 

18.3 

10.9 

11.0 

7.7 

Vise. at  
OI{ Color 25oc .  
No. (Gard-  (Ga rdne r -  

net-) :Holdt) 

22.2 ~ : 1 i -  E-F 

7.7 15-16 O-H 

4.3 :12 E-F 

7.1 22 F-G 

0 n ly  uranyl  stearatc affected the color markedly 
whereas u rany l  and lead stearates caused the vis- 
cosity of the product  to increase. 

The catalysts prccipi tated when the reconstituted 
oils were cooled and thus could be removed by 
filtration. 

F igure  V demonstrates the effect of varying ex- 
cesses of TMC on the estcrification in the presence 
of lead stearate. F rom the graphs and from the 
following data it  becomes apI)arent that  an excess 
of 5-10% is practical  and that  there is no par t icular  
vir tue in a larger  excess. 

P e r  cent  
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T ime  Acid 
Cata lys t  (h r . )  No. 

Lead  
s t ea r a t e  8.0 15,6 

L e a d  
s t ea r a t e  8.0 12.2 

Lead  
8.0 7.7 s t ea ra t e  

L e a d  
s t e a r a t e  8.0 4.7 

u  a t  
O H  Color 25oc .  
No. (Card-  ( G a r d n e r -  

n e t )  I Io ld t )  

5.9 11 D-E 

2.9 12 E-F 

7.1 12 E-F 

2.6 12 E-F 

Figures  VI, VII,  and VIi{ compare the effect of 
these catalysts on the esterification of glycerol and 
TMC with linseed acids. I t  will be noted that  the 
esterifications proceeded more rapidly  at t h e  start  
in the case of TMC due probably to the fact that  it 
possesses twice as many p r imary  hydroxyl  groups. 
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T A B L E  i 

D r y i n g  T imes  for  the L inseed  Acid E s t e r  of T M 0  
U n d e r  the I n f l u e n c e  of McLallic D r i e r s  

D r i e r s  

None . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. 0 4 %  cobalt  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. 0 8 %  cobalt  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. 0 4 %  m a n g a n e s e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
.08 % m a n g a n e s e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. 2 5 %  lead . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. 2 5 %  zinc  t . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. 2 5 %  ca lc ium . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. 2 5 %  a l u m i n u m  2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. 0 3 %  cobalt  + . 0 3 %  m a n g a n e s e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. 0 3 %  cobal t  -4- . 2 5 %  lead . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. 0 3 %  c o b a l t - { - . 2 5 %  ca lc ium . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. 0 3 %  cobal t  -{- . 2 0 %  zinc . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. 0 3 %  m a n g a n e s e  -F . 2 5 %  lead . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. 0 3 %  m a n g a n e s e  -{- . 2 5 %  ca lc ium . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. 0 3 %  m a n g a n e s e  + . 2 0 %  zinc . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. 0 3 %  cobalt  J r  . 0 3 %  m a n g a n e s e  + .25070 lead  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. 0 3 %  cobalt  + . 0 3 %  m a n g a n e s e  + . 2 0 %  zinc . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. 0 3 %  cobalt  + . 0 3 %  m a n g a n e s e  + . 2 5 %  ca lc ium . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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7,5 8.0 

17 .0  2 4 . 0  
3 3 . 0  4 0 . 0  
24 .0  27 .0  
2 6 . 0  < 30 .0  

4 .0  4.5 
1.5 2.3 
1.6 :1.0 
3.0 "1.5 
3.5 4.3 
5.5 6.9 
7.5 9 .0  
3.0 4 .5  
5.5 6.0 
4 .2  4.8 

D r i e d  t I a r d  

51 .O 
9.0 
7.0 

13.0  
12.0  
26 .0  
45 .0  
29 .0  

< ' 1 8 . 0  
7.5 
6.0 
7.0 
7.0 
7.0 
8.6 

10.0 
6.0 
8.0 
7.0 

R e m a r k s  

W r i n k l e d  fihn 
V / t i n k l e d  film 
W r i n k l e d  fihn 
"Wrinkled film 

W r i n k l e d  film 

W r i n k l e d  fihn 
%Vrinkled fihn 

~Vrinkled film 
"Wrinkled film 
X, Vr ink led  fihn 

Zinc  d r i e r  was  not  compat ib le  a t  th i s  concen t r a t i on  a n d  a p r e c i p i t a t e  resul ted  on s t a n d i n g .  The  s u p e r n a t a n t  m a t e r i a l  was used for t i le dry- 
i n g  t e s t .  

z O r i g i n a l l y  a gel fo rmed  w h i c h  d i s a p p e a r e d  a f t e r  24  hours .  

ESTERIF~CATION OF ALCOHOLS WITH LINSEED ACIDS AT 
2 5 5  ~ C. CATALYZED BY LEAD STEARATE 

4 5  ' . . . . . . . . . . . . . . . .  

K . ] - - - .  . . . . . . . . . . .  -~ .... l 

' I 3 C, 

? 5 4 5 6 T 8 9 
TIME (HOURS) 

Fie,. VII 

The Optimum Procedure for the Esterification of 
TMC: TMC is best esterified azeotropically in an 
apparatus of the type previously described. Certain 
obvious advantages accompany the azeotropic pro- 
cedure such as decreased reaction time, l ighter  color 
of the tinal product ,  nlorc uni form heating which 
assures a honlogeneous product,  and complete re- 
moval of the water  wllich allows an accurate esti- 
mation of the extent  of reaction. Non-azeotropic 
esterification is also feasible, however, and is best 
accompl i shed  in the presence of an inert  gas such as 
carbon dioxide or nitrogen. As already indicated, for 
opt imum results a 5-10% excess of TSIC should be 
used together with lead stearate as a catalyst in the 
concentration of 0.0008 mole of catalyst  per 100 
grams of acid. 

In  both the azeotropie and non-azeotropic meth- 
ods the heating schedule is of extreme importance.  
Exper imenta t ion  has indicated that  the max imum 
temperature of 235~ must be approached slowly 
over a period of one hour. It  is suggested that the 
temperature reach 210-215~ in the first half  hour 
of heating and that the maximum temperature be 
reached by the end of the second half  hour. 

Since T M C  has a relatively low melt ing point 
(131~ it enters into reaetion with fat ty  acids with 
great facility.  It is not  volatile and  does not cause 
foaming of the reaction mixture. 

Similar procedures may  be folh)wed in the case of 
soybean, dehydra ted  castor, and other acids. As the 
unsaturatiorl  of the acids increases, the high function- 
ali ty of TMC makes gelation possible unless this is 
guarded against  by  avoiding excessive temperatures  
and long heating schedules. 

Fi lm Propert ies  

l ) ry ing  tests were carr ied out on the linseed ester 
of TMC in order to determine the most effective 
drier  combination. The TMC ester used was prepared 
with zinc s tearate  as a catalyst.  Zinc was used since 
lead was known to be an effective drier. Zinc ste- 
arate, on the other hand, was very insoluble in the 
reconsti tuted oil; and, as may  be seen in Table I, 
zinc was the most ineffective of all the driers tested. 
Likewise, comparat ive tests were per formed with the 
linseed esters of glycerol an(l pentaerytllri tol .  Tlle 
metallic driers were in the fo rm of octoates in solu- 
tions consisting of 80% xylcne and 20% isobutanol. 
The oils were allowed to stand with the driers for 
at  least 24 hours before 0.0015 inch fihns were east 
on clean glass plates, l ) ry ing  was allowed to proeeed 
under  ord inary  labora tory  emlditions at about 74- 
78~ The films were exposed to ord inary  daylight 
and no artificial l ight was used at night. The films 
were examined at intervals by  the finger t ip method. 

6 O  

4 5  

ac 

1 5  

ESTERWICATION OF ALCOHOLS WITH LINSEED ACIDS AT 
235 ~ C. C~TALYTED BY URANYL STEARATE 

! T l 

i i I l 
1 

(2 - 2,2,6,6 -TETRAMETHYLOLCYCLOHEXANOL 

[3 -GLYCEROL 

5 4 5 6 T 
TIME (HOURS) 

FIG. VIII 
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The following times were noted:  

I .  I n i t i a l  s e t - -  

T h e  fihn first  b e c o m e s  s l i g h t l y  s t i cky  or  t a c k y .  

I I .  Se t  to t o u c h - -  

,None of  t he  f i lm is r e m o v e d  w h e n  t o u c h e d  w i t h  t h e  
f inger .  

I I I .  L i n t - f r e e -  

:No l in t  is ] e f t  on the  f i lm w h e n  i t  is b r u s h e d  w i t h  
co t ton .  

I V .  D r i e d  h a r d - -  

N o  i m p r i n t  is l e f t  on t he  film w h e n  p r e s s u r e  is ap-  
p l i ed  w i t h  t he  f inger ,  or  else t h e  s l i g h t  i m p r i n t  w h i c h  
r e su l t s  m a y  be  r e m o v e d  eas i ly  b y  l i g h t  po l i sh ing .  

The dry ing  times of the linseed ester of T~'[C of 
viscosity ] I  (Gardner - I Io ld t  s tandards)  raider the in- 
fluence of various driers and drier  combinations are 
indicated iu Table I. 

F r o m  these tests it is appa ren t  tha t  cobalt and 
lead comprise the most efficient d ry ing  combination. 
Manganese seemed to be of little vahie and in some 
cases actual ly exerted a negative effect. The best 
" t h r o u g h "  dry  was obtained with lead. 

Comparat ive  dry ing  tests with the linseed esters of 
glycerol, pentaerythr i to l ,  and TSIC were carr ied out 
according to the above-outlined conditions. All the 
oils were bodied to the same viscosities and had the 
following constants : 

Linseed Acid Ester of: 
OIycerol .................................... [ 
Pentaerythritol ......................... 
TMC . . . . . . . . . . . . . . . . . . . . .  

Acid Hydroxyl 
No. No. 

10.3 10.4 
5.4 11.3 
7.9 17.2 

u at 
25~ 

(Gardner-  
lh)ldt) 

t t  
H 
H 

The glycerol ester was heat bodied to a viscosity of 
H f rom an original viscosity of B, whereas the pen- 
taery thr i to l  ester was bodied to H viscosity f rom an 
original -~iseosity of C. The TSIC oil possessed a 
viscosity of I I  at the start.  

The rcstflts of d ry ing  tests with three different 
drier  combinations are indicated in Table I I .  

The best results were obtained for  all the oils with 
the dr ier  combination of cobalt and lead. Although 
the TMC and pentaerythr i to l  oils reaehed the ulti- 
mate stage of dryness at approx imate ly  the same 
trine, the TMC oil exhibited an advantage  in that  it 
dried fas ter  initially in every case. 

The TMC oil possessed a fu r the r  advantage  in tha t  
it dried to yield a harder  film than  either of the 
other two oils. The following pencil hardnesses were 
noted : 

I 

Linseed Acid Ester of: After 30 hours 

Glycerol ..................................., Softer than 6B 
I entaerythmtol ........................ I " 5B 
~1 ,'MC ......................................... : 3 B 

Pencil Hardness  

After 72 hours 

Softer than 6B 
4B 
2B 

I11 similar  compositions p repared  with soybean 
acids, TMC demonst ra ted  the same sort  of superior  
qualities. 

S u m m a r y  

I t  has been found that  TSIC may be esterified 
readily with linseed acids when 10% excess of alco- 
hol is use(]. The op t imum tempera ture  of esterifica- 
tion is 235~ The esterification is great ly  facili tated 
by  the use of catalysts such as lead stearate, with 
which an acid number  of seven may  be obtained in 
eight hours. Zinc s tearate  and uranyl  stearate arc 
likewise good catalysts,  not only for the csterification 
of TMC but  also for the esterifieation of glycerol. 

When the linseed esters of glycerol, pentaeryth-  
ritol, and TMC are compared it is found tha t  the 
last exhibits the advautage  of a faster  initial  d ry ing  
time al though the final d ry ing  times of the pentae- 
rythr i tol  and TSIC esters are the same. Both dry  con- 
s iderably fas ter  than glycerol. The TMC oil exhibits 
a fu r the r  advantage  in that  it dries to the hardest  
film of all three oils. Results of a similar  na ture  were 
obtained with soybean oil acid compositions. 
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TABI,  F I I  

Drying. Times for the Linseed Acid Esters of Poiyhydric Alcohols 

IAuseed Acid Ester  of : 
Glycerol ...................................................................... 

I) enlacrythritel '1 ,'MC ................................................. 

C-lycerol ...................................................................... 

Pentaerythritol TMC ................................................. 

Glycerol ...................................................................... 

Pentaerythritol  TMC . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Drier  

.0:lC~ cobalt + .25% lead 

.03% cobalt 4- .25% lead 

.03~ cobalt-~- .25% lead 

.03% cobalt 4- .03% manganese 

.03 C/c. cobalt 4- .03c/c manganese 

.()3a/~ cobalt + .03c/c manganese 

.03% cobalt + .25% calcium 

.03c/c cobalt A- .25% calcium 

.03% cobalt 4- .250~ calcium 

Time (hours) 

Initial Set 

1.2 

.80 

.66 

4.0 

3.0 
3.0 

1.2 

.90 

.80 

Set to Touch 

3.5 

1.9 
1.3 

6.0 

4.5 
4.0 

2.8 

1.8 
1.5 

Lint-free Dried I-Iard 

5.0 7.0 

2.3 4.0 
2.0 4.0 

9.0 11.0 

6.0 8.0 
4.5 8.0 

3.8 7.0 

2.3 I 5.0 
2.0 I 5.o 


