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The:procedure as described appears to separate all 
'of t:h~: ::oxygenated,. derivatives of autoxidation from 
the urmxidi~ed ~esters. Whether the oxidized fraction 
cons~ste4 almost :entirely of monohydroperoxides as 
i n  the autoxid]zed methyl linoleate or contained a 
large proportioca~os s~condary reaetipn products as 
in the autoxidiz~l i methyl oleate and.: linoleImte, it 
was all separated 'in the alcoholic phases. 

Semi-automatic extraction equipment of the Craig 
type can also be employed for the separation of the 
oxidized and unoxidized fractions of autoxidized fatty 
esters, but their value is limited by their small capac- 
ities and the relatively low concentration of materials 
that must be used. 

Summary 
Detailsi of a countercurrent extraction procedure 

for the quantitative separation: of the oxidized and 
unoxidized fractions of autoxidized fat ty acid esters 
is described. 

The utility of the process is demonstrated by the 
quantitative separation of the oxidized from the un- 
oxidized fractions of autoxidized methyl linoleate, 
linolenate, and oleate. 
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Alternative Methods for Dehydrating ,Castor Oil' 
OLIVER GRUMMITT and DEAN MARSH, Sherwin-Williams Laboratory, 
Western Reserve University, Cleveland, Ohio 

T H E  importance of dehydrated castor oil in coat- 
:.]_ :tugs is Shown by an annual consuinption of some 

30i000,000 lbs., which is about 5-6% of all drying 
oils used in coatings (8). A'etually this eli is some- 
what more important than the 5% figure indicates 
because its properties, which are intermediate to those 
of highly conjugated tung oil and non-conjugated lin- 
seed oil, make it especially valuable. Its use would 
undoubtedly increase if greater quantities were avail- 
able at lower cost. 

Castor oil is a unique non-drying oil in that it can 
be readily converted to a drying oil by the chemical 
reaction of dehydration: 

H 0 , 
CH3-(CH ) -C-CH-C-CH=CH-(CH.).-~.-O-CH~ 

Z 4  I I I , ' - t  I 

i H OH H i J 

----CH 

I 
- - - - C H  2 

This transformation of the ricinoleic acid groups to 
isomeric oetadecadienoic acid groups is analogous, in 
its simplest terms, to the formation of propylene from 
isopropyl alcohol. 

From the extensive literature on dehydrating meth- 
ods which consist of several hundred patents and jour- 
nal articles (20), there appear to be four important 
cons~clerations, in addition to the factor of processing 
cost: a) the dehydration reaction must be substan- 
tially complete to obtain an oil of good drying and 
filI~;~)roperties; b) the competitive reaction of poly- 
merization or heat bodying must be controlled to 
avoid a viscous: or even gelled product; c) catalysts 
foi:::the dehydration mas~ either be: innocuous if left 

1Presented before the American Oil Chemists' Society, Houston,  Tex., 
April  29, 1952. 

in the oil or readily removable; and d) an increase in 
the amount of two double bond conjugation over the 
20-30% usually obtained would be desirable. With 
these factors in mind several new dehydration meth- 
ods have been studied. 

Dehydratiaa by Oil-Maleic Adducts 
The first of these dehydration methods is a varia- 

tion of a method described earlier in which castor oil 
is heated with a quantity of phthalic anhydride insuf- 
ficient to esterify all of the alcoholic hydroxyl groups 
(4). At the end of the reaction period there is free 
phthalic anhydride (or acid) which can be removed 
by filtration or esterified by a polyalcohol. Our devel- 
opment consists in the use of the addition compound 
from maleic anhydride and a non-conjugated oil, such 
as linseed or soya as the acid anhydride. The product 
then consists of dehydrated castor oil and a maleinized 
drying oil which need not be separated because it 
contributes valuably to film formation. 

The reaction of maleic anhydride with non-conju- 
gated oils at temperatures of about 200oC. is well 
known in the coatings industry (6). The most prob- 
able course of this reaction is as follows: 

H H C - C O , ,  
- - C H - - C H - C - -  + II / 0  

!~ HC - cO 

J 2OO-25o~ 

H 
I 

- - C  H = C H - C - -  
I 

HC - C O c o  
I / 

H2C-CO 
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The process is one of addition in which a methylene 
group adjacent  to a double bond in the unsa tura ted  
f a t ty  acids of linseed oil, for  example, adds to the 
double bond of maleic anhydride  so that  a hydrogen 
atom goes to one carbon atom and the f a t t y  acid radi- 
cal to the other carbon. The product  shown schemat- 
ically is thus an alkyl suecinie anhydride.  The earlier 
l i terature suggests other structures, bu t  this seems to 
be well established (17). 

This malcic adduct  provides a high molecular weight, 
non-volatile acid anhydride.  When such a product  is 
added to castor oil and the mixture  heated at 275- 
300~ the castor oil is effectively dehydrated.  

Typical Procedure. The reaction between castor oil 
and an equal weight of a linseed oil-maleic anhydride  
adduct,  which contains 5% of anhydride  with respect 
to a linseed oil, is typical  of the process. In  a 3-1. 
three-necked flask fitted with a Glascol heater, st irrer,  
thermometer ,  and nitrogen inlet tube reaching to the 
surface of the reaction mixture  was placed 612.5 g. of 
alkali refined linseed oil. This was heated to 225~ 
and a well mixed s lurry  of 37.5 g. of maleie anhydr ide  
and 100 g. of linseed oil was slowly added. The tem- 
pera ture  was raised to 250 ~ and held unti l  all the 
nlaleic anhydr ide  had reacted. This was determined 
by  removing 1-2 g. of the oil, washing well with water  
in a separa tory  funnel  and t i t ra t ing the aqueous layer  
with s tandard  base for  maleic acid. The reaction time 
at 250 ~ is 15-30 minutes. 

The tempera ture  was then brought  to 275 ~ and 
750 g. of No. 3 grade castor oil was added. At  the 
end of 2 hours the tempera ture  was increased to 300 ~ 
Samples were removed at various time intervals and 
examined for  viscosity, color, etc., as shown in Table 
I and Figure  1. 
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FIG.  1. D e h y d r a t i o n  o f  c a s t o r  o i l  a t  275-300~ w i t h  a n  e q u a l  
w e i g h t  o f  l i n s e e d - m a l e i c  a d d u c t  ( 5 %  m a l e i e ) .  

Discussion. I t  will be noted f rom Figure  1 tha t  the 
two double bond conjugation reaches a max imum of 
about  18% in 3 hours and then decreases as poly- 
merization proceeds. At 3 h o u r s  the dehydrat ion is 
substantial ly complete as shown by  the hydroxyl  con; 
tent  of 0.2% (Table I ) .  The max imum in iodine value 
of 128 is reached before this 3-hour point. This is 
p robably  due to the bodying reaction, which is usu- 
ally accompanied by  an early decrease in iodine value 
with respect to the viscosity increase. The 18% con- 
jugat ion is somewhat higher than one would expect 
on the basis of about  50% of dehydrated castor oil in 
the mixture.  The maleie adduct  contributes only 1.6% 
to this value. 

The p roper ty  of rapid  bodying is shown fu r the r  by  
the Browne gel test (11) run  at 305 ~ , which requires 
50-60 minutes for  this product,  40 minutes for  a com- 
mercial dehydrated castor oil of 98 seconds viscosity, 
and more than 300 minutes for an alkali refined lin- 
seed oil. 

The dehydra t ing  action of the maleic anhydr ide  
compound is shown by  a model experiment  in which 
a mixture  of equal weights of castor and linseed oils 
was heated at 300 ~ for  6.25 hours. The maximum 
conjugation dur ing that  period was only about  10%. 

The. variables considered in this dehydrat ion method 
were a) temperature ,  b) time, c) concentration of mal- 
eic anhydride  in the non-conjugated  oil and in the 
whole mixture,  d) the non-conjugated  oil, and e) re- 
placement of maleic anhydride  by  fumar ic  acid. 

Tempera ture  and time are complementary  variables. 
At higher reaction tempera tures  the time required de- 
creases. In  general, t empera tures  below 275 ~ give in- 
completely dehydrated mixtures  of high viscosity. The 
optimal tempera ture  is 275-300 ~ . The reaction time de- 
pends not only on tempera ture  but  also on the amount  
of combined maleic anhydride  present.  The rate of 
dehydrat ion increases with the concentration of maleic 
anhydride  up to the point  where there is sufficient 
anhydride  (calculated as dibasic) to esterify all of the 
hydroxyl  groups. Very  likely the rate continues to in- 
crease at still higher concentrations, possibly to the 
point where there is one mole of anhydr ide  for  the 
hydroxyl,  bu t  this was not establsihed. In  the ex- 
per iment  described the 2.5% of combined maleic is 
less than one-half the theoretical amount  for  complete 
esterification. 

The desired amount  of maleic anhydr ide  can be 
obtained either by  vary ing  the quant i ty  combined 
with the non-conjugated oil or by  vary ing  the amount  
of adduct  added to the castor oil. In  the case of lin- 
seed oil the max imum amount  of anhydride  that  can 
be reac ted  with it is not less than 33% by  weight. 
One par t  of a 30% adduct, for  example, with 11 par ts  

TAB LE I 

Dehydra t ion  of Castor Oil (750 g.) wi th  Linseed-Maleic  Anhydr ide  (750 g., 5% Maleie) 

Sample 

I .................................................. 
2 .................................................. 

4 .................................................. 
5 .................................................. 
6 ................................................. 
7 ................................................. 
8 ................................................. 

Hrs .  

0 
1 
2 
2.25 
2.5 
2.75 
3 
3.5 

Temp. a 
~ 

275 
275 
300 
300 
30O 
300 
300 
3O0 

Visc., 
Secs.b 

3.9 
6.3 
7.2 
X.6 

10.4 
12.6 
17.0 
28.0 

Color  c 
Acid 
No. 
(2) 
15.2 
17.4 
26.6 
27.4 
28.3 
28.8 
29.2 
28.8 

I .  No. 
(3 )  

124 
124 
128 
126.5 
123.5 
120 
117.5 
114 

% OH 
(1O) 

2.25 
2.10 
1.13 
0.82 
0.55 
0.46 
0.20 
0.10 

% D i e n e  
Conj.d 

1.6 
5.3 

15.9 
17.4 
17.8 
18.1 
18.0 
16.2 

1.4829 
1.4833 
1.4855 
1.4867 
1.4873 
1.4882 
1.4889 
1.4894 

aThe  t empera tu re  was held wi th in  -~- 2 ~ by a var iab le  t rans former .  
Gardner-Holdt ,  25~ " " 
Ga rdne r -Ho ld t  s c a l e . .  . 

aDete rmiued  in Ph i l l ips  Pet ro leum spect rographic  g rade  of iso-octane in a Beckman Model D U  ul t rav io le t  spec t rophotometer i  (ref.  21) .  
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of castor oil would give a mixture containing 2.5% 
of anhydride,  bu t  the high castor oi l /anhydride ratio, 
as compared with the experiment described, would 
result in a slower rate of dehydration. To maintain 
the same rate of dehydrat ion three parts  of castor oil 
and one par t  of 30%1 adduct, which makes the a n h y -  
dride concentration 7.5%, would have to be taken .  

Besides castor  oil the second oil may be varied 
widely within the requirements that  it be capable of 
reacting with maleie anhydr ide  and that  its presence 
in the final product  be desirable. Soybean and various 
fish oils have been used. 

In place of maleic anhydride,  fumaric acid can be 
combined with the second oil and this adduet used to 
dehydrate the castor oil. From a limited comparison 
of a linseed-maleic adduct with a linseed-fumarie ad- 
duct, it appears that  the maleic compound gives more 
rapid dehydration. 

Reactions. The reactions which probably occur when 
a linseed-maleic compound dehydrates castor oil are 
as follows : 

+ 

OH 

RICINOLEYL GROUP 

,OC-CH-R (o ~i 
o. I . - -c .z .C-CH i -  

o oc-c.  /o--c-cH-R 
LINSFFD-MALEIC 

/ . o o c - c H  2 
(2) i;I , .  

hooc-c.-R 
H O O C - C H  2 

(?)~H20 

. O C - C H - R  
O~ I 

OC- CH,~ 

The initial reaction (1) must be a fair ly rapid es- 
terification of the combined maleic anhydride with 
the rieinoleyl groups to form the acid-ester. This acid- 
ester might esterify another rieinoleyl group or, more 
likely, it thermally decomposes according to equation 
(2) with the removal of a hydrogen from the ricin- 
oleic acid portion, and the formation of a new double 
bond. This decomposition of castor oil esters occurs 
with the acetate and other esters (12). The other prod- 
net is the maleic adduet, not in the form of the anhy- 
dride, but  in the form of a dibasic amid. This dibasic 
acid is then available for  fu r ther  esterification of 
hydroxyl  groups, followed by decomposition, or it 
might be dehydrated to the anhydride adduct which 
then could be esterified. Ei ther  as the acid or the 
anhydride,  the adduct is thus regenerated for subse- 
quent reaction. At the  end of the process the east0r 
oil is substantially completely dehydrated and the lin- 
seed-maleie adduet is present either in the form of 
the anhydride or the acid. Data on the change in 
acid number  with time (Table I) indicates that  the 
final product  contains more of the dibasic acid than it 
does of the anhydride. The acid vMue of the starting' 
mixture  measured in benzene-alcohol by the usual 
procedure (2) is 15.2 or about one-half of the calcu- 
lated value of 28.6 ( 1 9 ) .  At  the end of 3.5 hours in 
the dehydrat ion reaction the acid value is 28.8. The 
close cheek m a y  be for tu i tous  since cranking of the 
glycerides has undoubtedly formed some free acids. 

T h e  possibility that  the dehydrat ion m a y b e  ~cata- 
ly?:ed by ' t he  mateic acid adduet has been  considered, 

but  it is probably too weak an acid to have any ap- 
preciable catalytic action. The acidity here might be 
roughly indicated, by the dissociation constants for 
succinic acid: pK,  1 4.17, pKa, 5.64. 

There appear to be some advantages of this method 
of dehydrat ion over the conventional use of catalysts. 
By dehydrat ion of castor oil in the course of making 
a product,  instead of start ing with dehydrated castor 
oil itself, the operation should be more economical. 
Fur thermore  the process is highly flexible in produc- 
ing a wide range of mixtures containing dehydrated 
castor oil a n d  a maleie-treated oil for 'use in coatings 
or other products. Subsequent steps of esterification 
or alcoholysis could be most advantageously taken di- 
rectly in the reaction kettle where the maleic com- 
pound and dehydration were doneY 

Related to this dehydrat ion process is the making 
of dehydrated castor oil alkyds directly from castor 
oil via the dehydrat ing action of phthalie anhydride 
or its derivatives. According to reports on the Ger- 
man chemical industries (9), this process was widely 
used there, and improvements have been made in this 
country (7). In  a typical  preparat ion castor oil and 
glycerol were heated to 150~ phthalic anhydride 
added, and the mixture brought  to 250 ~ for 6-8 hours 
until  the proper  viscosity and acid value were ob- 
tained. Gelation was avoided by rapid heating from 
150 to 250% Reactions o f  alcoholysis, esterifieation, 
and ester interchange must occur here along with 
dehydrat ion by decomposition of intermediate phthal- 
ate esters of the ricinoleie acid groups. 

Dehydration of Castor ACids 

This work is based on the publications and patents 
of Seheiber and others (5, 18), who claim that  dehy- 
drated acids with 70-90% of conjugation can be 
made, in contrast with 20-30% found in dehydrated 
oils (13, 16). As far  as we know, these claims have 
not been substantiated in this e0nntry (20). After  
prel iminary experiments based on Scheiber 's United 
States patent  (18), dehydrated acids i n  about 80% 
of the theoretical yield containing 60% of two double 
bond conjugated isomers were obtained. The steps 
in this process are as follows: 

Procedure. First,  castor oil (No. I g rade)  was sa- 
ponified in the usual way to give castor aeids. Next 
these acids [Neut. Eq. 299.5; calculated for rieinoleie 
acid, 298.5; percentage of hydroxyl  5.02 (10) ; calcu- 
lated, 5.7] were heated with 10% by weight of 4-8 
mesh activated alumina (Harshaw Chemical) for 3.5 
hours at a temperature  of 225~ while nitrogen was 
bubbled through to agitate the mixture  and remove 
water. In the th i rd  step the acids were vacuum-dis- 
tillecLat 200-220~ at about 1 ram. pressure. The pot 
temperature  during distillation was 290-310 ~ . This 
vacuum d i s t i l l a t ion  was very Slow, in fact, much 
slower than the usual distillation o f  18 carbon atom 
fa t ty  acids. This indicated that  the acids as such 
were not present in the product  obtained On heating 
with alumina but  w e re  being formed by thermal 
decomposition. 

Start ing with 1,300 g. of castor acids and 130 g. of 
alumina in a 2-1. Claisen flask, the yield of dist i l led 
p ro d u c t  a f te r  4.5 hours of dis t i l la t ion was 958 g., 
80% of the theoretical, neutral  equivalent 302, eal- 
. . . .  : . . . . . .  . . .  .' . > . .  

�9 2 P a t e n t  p r o t e c t i o n  i s  b e i n g  s o u g h t  o n  t h e  g e n e r a l  process 'described 
here. . . . . . .  
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culated for octadecadienoic acids, 280.5; % conjuga- 
tion, 60; Gardner-Holdt  color, 5-6. 

D~scussion. The key step in prepar ing these highly 
conjugated acids is the catalytic action of alumina at 
225 ~ prior  to distillation. Possibly this step had been 
overlooked in previous attempts to duplicate the work 
of Scheiber. At lower temperatures or shorter times 
the yield of acids is small, and the concentration of 
conjugated isomers is low. Without  alumina the vac- 
uum distillation step gives practically no distillate 
and the acids gel. Of the various other catalysts 
mentioned (18) only silica gel  was tried, and it ap- 
peared to be less effective than alumina. 

The following reactions are believed to occur :3 

I t 
-C-CH e .... COOH + -C, -CH 2 .... COOH 
OH OH 

i ! 

(2) H~O 
-C=CH .... COOH 

, Q , 
" - C - C H  a . . . .  C-O-~:-CH z - - - - c o o H  

J OH (3) [ 

POLYESTER ,], ESTER 
xx,,, , , i f  

-Cr-CHi---COO H + -C=CH . . . .  COOH 
I OH 

When the acids are heated with alumina, two main 
reactions are possible. By reaction 1 there is direct 
dehydrat ion to octadecadienoic acids, and by  reaction 
2 there is esterification or estolide formation to form 
linear polyesters from r ic inole ic  acid. Reaction 3 
shows the formation of the new double bond by  de- 
composition of the ester which eliminates the acyloxy 
group and a hydrogen atom, thus regenerating the 
acid. Very probably most of the dehydrat ion goes by  
this route since the vacuum distillation is so slow. 

There is no obvious explanation for the formation 
of highly conjugated dehydrated acids under  these 
conditions. No specific l i terature reference to the ac- 
tion of an alumina catalyst on castor oil itself was 
found, but  all methods of dehydrat ing the oil appear  
to give the usual 20-30% yield of conjugated prod- 
uct (20). Dehydrat ion via an intermediate castor oil 
ester such as the acetate again gives on ly  20-30% of 
conjugation (12). Fur thermore  the action of the alu- 
mina is not one of isomerizing non-conjugated acids 
to conjugated. This was demonstrated by  a model ex- 
periment in which ordinary dehydrated acids (Baker 
Castor Oil's 9-11 Acids, 31.4% conjugated) were put  
through this process start ing with the step in which 
the acids are heated with alumina. There was no sig- 
nificant increase in two double bond conjugation. 

Possibly the alumina catalyzes the isomerization of 
the intermediate ester prior  to decomposition, either 
by  shifting the 9,10 double bond or the ester group 
or both. To test this explanation it would be neces- 
sary to determine the diene structure of the dehy- 
drated acids. Recent work shows the presence of a 
small amount  of the 8,10 isomer in addition to the 
9,11 acid (15). 

With respect to the configuration of these acids, an 
infrared examination by  D. H. Wheeler and Mr. To1- 

aFor  simplicity the new double bond formed here is shown in one 
position only. I t  actual!:~ could be at either tbe 11,1~ or  12,13 carbons 
in the chain, 

berg of the Research Depar tment  of General Mills 
Inc. indicated that  the conjugated acids present were 
largely cis, trans. Thus the new double bond formed 
by the dehydrat ion is mostly trans. 

Glyceride Properties. The acids of 60% conjuga- 
tion were redistilled and the fract ion boiling 208- 
211~ mm. was collected; the neutral  equivalent was 
281 ; % hydroxyl,  0 ; % conjugation, 56.7 ; iodine num- 
ber (14), 185; Gardner-Holdt  color, 1-2; calculated 
neutral  equivalent for  octadecadienoic acids, 280.5; 
calculated iodine number, 181. These acids were con- 
verted to the glyceride by esterification with glycerol 
in the presence of p-toluenesulfonic acid as a catalyst 
and xylene as the co-distilling solvent. The product  
was washed with water, dried, and the properties 
listed in Table I I  noted. For  comparison a typical  
commercial oil, Spencer Kellog's Synthenol, was also 
analyzed. 

T A B L E  I I  

Properties of Synthetic Glyceride and Syntbenol 

Spencer  
Syn. Kellog's  
Gly. Synthenol 

% niene  conjugation a .................................. 52 
Iodine No. (total) (14)  .................................. 183 b 
Aeetyl No. ( 1 ) ............................................... 5 
Acid No. (2)  .................................................. 10.6 
Viscosity (G-H sees., 25~ ......................... 1.8 
n ~ ................................................................. 1.486s 
Color (Gardner -Hold t )  .................................. 10 
Dry-to-touch e ................................................ 30 min.  
Rela t ive  tack : c 

24 hrs  ........................................................ I Some 
48 hrs  ........................................................ I Free 
72 hrs  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  i :Free 

W a t e r  res is tance (100~ 1.5 hrs .)  d ........... I Cloudy 
Alkal i  resis tance (1% N a O t t )  e ..................... 1-2 min,  
Soap resistance (1% Na oleate)e .................. 1 hr.  

26 
156 

28 
4.8 
2.6 
1.4820 

5 
120 rain. 

More 
Some 
Free 
Cloudy 
1-2 rain. 
1 hr.  

DeSermined iu  :Phillips :Petroleum spect rographic  g rade  of iso-octane 
in a Beckman ~ o d e i  D U  u l t rav io le t  spectrophotometer ;  (ref.  21) .  

bThe calculated iodine number  for  giyceryl t r ioc tadecadienoate  is 
174. There is no appa ren t  explanat ion for the h igh  va lue  found  here or 
for the acids used in  the p repa ra t ion  of the glyeeride. 

cDetermined on 0.003 in. thick films on t in  test  panels  wi th  0 .2% 
lead and 0 .02% cobalt naphthena tes  as dr iers  by a f inger  tes t .  

dThe films were in tac t  but  remained  cloudy after  24 hours .  
eTimes requi red  for  the films to fail .  

Noteworthy properties of the synthetic glyceride are 
the relatively high values for  conjugation and iodine 
number and the low value for the acetyl number. 

The results of a rough comparison of film properties 
of the two oils are given in Table II .  The highly con- 
jugated glyceride dried noticeably faster and became 
tack-free in considerably less time. Like other highly 
conjugated oils it formed a wrinkle film. There was 
no significant difference between the two films in 
water, alkali, and soap resistance. 

While the acids and glyceride obtained here had 
60 and 52% conjugation, respectively, it was quite 
possible that  fu r the r  s tudy of the conditions of prep- 
aration wotdd yield the 70-90% conjugation described 
by Seheiber (18). 

Dehydration by Cation Exchange Resins 
A few exploratory experiments in the use of cation 

exchange resins, in the acid form, as dehydrat ion cat- 
alysts have been carried out. The resins used were 
Dew Chemical's Dowex 50, a sulfonated styrene co- 
polymer, and Rohm and Haas '  A m b e r l i t e  IR-120 ,  
which is also a sulfonated resin. In a typical  experi- 
ment a mixture of castor oil and 5% by weight of 
Dowex 50 was heated at 225~ in a three:necked 
flask with agi ta t ion  and a current  of nitrogen. The 
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rate of dehydrat ion under  these conditions was slow: 
at the end of 13 hours the acetyl number of 75 indi- 
cated that  the oil was about 50% dehydrated.  The 
two double bond conjugation in this par t ly  dehy- 
drated oil was 9.6% or, on the basis of complete de- 
hydration,  19.2%. 

Higher  reaction temperatures were tried although 
the resins were not entirely stable. At 275 ~ with 5% 
of Dowex 50 castor oil was 93% dehydrated (by 
aeetyl number)  in 10 hours. The conjugation was 
disappointingly low: 17.4% , and the color of the oil 
was more than 18 (G-H).  The film properties, com- 
pared to Synthenol, were generally inferior with re- 
spect to drying time, tack, and resistance to water, 
alkali, and soap. 

Summary 
Castor oil can be effectively dehydrated by non- 

conjugated oil-maleic anhydride adducts to give use- 
ful paint or varnish oils. Castor acids dehydrated in 
the presence of alumina form diene acids of 60% two 
double bond conjugation. The glyceride from these 
acids dries more rapidly to a tack-free  film than 
conventional dehydrated castor oil. In both of these 
processes the course of dehydrat ion is believed to be 
the decomposition of esters of the alcohol groups in 
ricinoleic acid. Acidic ion exchange resins exert  some 
Catalytic effect in the dehydrat ion of castor oil, but  
the oil so made is inferior in color and film properties. 
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Studies of Waxes. VI: The n-Acids of Carnauba Wax 
K. E. MURRAY and R. SCHOENFELD, Division of Industrial Chemistry, Commonwealth Scientific 
and Industrial Research Organization, Melbourne, Australia ~ 

T H E  extensive early investigations of the constitu- 
ent acids of carnauba wax have been reviewed 
by  Koonce a n d  Brown (1 ) .  T h e y  concluded that  

in the light of present knowledge none of the acids 
previously isolated could be considered pure although 
Bowers and Uhl (2) had  more recently isolated ara- 
chidic acid, es t imated to  be 97 mole;% pure. Koonce 
and Brown (3) have since reported that  the most 
abundant  normal .~ acid is tetraeosanoic acid, which 
they isolated in a pur i ty  of more than 95%. They 
agreed with the evidence of Bowers and Uhl that  the 
n-acids ranged from C18 to C~o. 

This paper  describes the isolation by  the amplified 
distillation method of Weitkamp (4) of the n-acids 
of even carbon number C18 to C3o in a state of suffi- 
ciently high pur i ty  for  their sure  identification. 

Preparation of the Mixed n-Methyl Esters 
The crude carnauba wax acids were: obtained during 

an earlier investigation of the wax alc'ohols (5). They 
h a d  an acid equivalent  of 521 and melted from 75.5- 
78~0~ The acids (80.0 g.) were methy la ted  by  re- 
fluxing for  20 hours with 1:~ l::methanol-benzene (1 1.) 
~ontaining 1% H f S Q ,  t h e  reflux passing through a 
soxhlet extractor  containing:anhydrous M g S Q  to re- 
move azeotropically entrained water (6). On dilu- 
tion with w a t e r  (1 5 1,) a~d warmin~ :t0 55:?C ~ the 

Par t  V of this series : Tho Aiiphatic Alcohols of ~2~oal ~ a x ;  ::h:2 K:  E'i 
Murray and R. Schoenfelcl, J. Am. Oil Chem. See., 2~:416;420 (1952):  

separated benzene layer containing the esters was 
washed r epea t ed ly  with warm water unti l  free of 
ttfSO~. The methyl esters recovered from solution 
weighed 78.7 g. and melted from 73.0-76.5~ The 
acid number  was 1.2, indicating approximately 1% 
unesterified acids. 

A large difference between the saponification num- 
ber of these esters (127) and their  saponification 
number  af ter  acetylation (164) indicated the pres- 
ence of a considerable amount of hydroxyla ted esters. 
These were separated from the n-esters by adsorption 
on alumina i 30.0 g. of the crude esters dissolved in 
180 ml. of warm light petroleum (60-80~ aromatic- 
free),  were adsorbed on a column of neutral  alumina2 
(600 g.) kept at 50~ by an electrically wound jacket. 
The n-esters were completely eluted from the column 
with more light petroleum (1 1.). They weighed 11.2 
g. (37.9% of the total3), melted from 57-65~ and 
had a saponification number of 151. Fur the r  elution 
with benzene-ethanol,  toluene-ethanol,  and chloro- 
form-acetic acid mixtures yielded the higher melting 
hydroxy  esters with a total recovery of 99.3%. The 
investigation of ' these  mixed hydroxy esters and the 

2Prepared f rom chromatographic alumina from British Drug Houses 
Ltd., London, by warming  with 2% Hb70a and wash ing  by decantation 
with distilled water  until the washings were free from acid.: I t  was then 
dried a t  105~ heated to 500~ for 5 hrs., and partially deactivated 
by:keeplng.over  water  in a cIosed vesseI for 30 hrs., when it had the 
desired activlty Of ] I I / I V  determined by the method of Brockmann 
and Schodder [Ber. 74, 73 (1941) ] .  

3 A  trial chromatogram on the same sample gave a percentage "of the 
n-esters of 39.4%. 


