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TABLE I I  

A ver age-Collabor ati~ e Analyses--1956 

Miner Method 
Collaborator 1 

2 
3 ...... 
4 
5 ...... 

~xtraction Method 
Collaborator 1 ....... 

2 .................. 
3 
4 
5 ....... 

Partition Method 
Collaborator 1 

2 ....... 
3 
4 .................. 
5 

Sample 1 Sample 2 Sample 3 

Analyst Analyst Analyst 

1 2 1 2 1 2 

2.45 2.39 
2.41 2.41 
2.44 2.46 
2.64 
2.36 

38.5 38.9 
38.5 37.9 
37.6 39.7 

39.1 
38.3 
37.8 

39.2 
38.8 
38.9 

38.5 

92.7 93.3 
92.1 91.8 
89.2 93.4 
~1.4 
91.4 9d:s 

91.7 92.1 
91.8 91.6 
88.7 91,4 
91.7 .... 
92.3 91.9 

91.8 91.1 
92.4 92.9 
89.1 92.9 
93.0 .... 
92.9 92.6 

2.86 
2.87 
2.30 
2.71 
2.84 

2.91 
2.86 
2.23 
2.90 
2.90 

.... 38.4 
2.40 38.0 

2.79 38.3 
2.92 38.7 
2.72 37.9 

38.1 
2.~ 38.4 

2.74 38.4 
2.80 38.8 
2.81 38.8 

.... 39.1 

.... 39.2 

TABLE I I I  

Summary Indicating Over-all Precis ion--1956 Results 

Sample 1 
Miner Method .............................. 
Extraction Method.....'. ................. 
Partit ion Method ......................... 

Sample 2 
Miner Method ............................... 
Extraction Method ....................... 
Partit ion Method ......................... 

Sampl~ 3 
Miner Method .............................. 
Extraction Method ....................... 
t~artition Method ......................... 

Mean 

2.45 
2.80 
2.80 

18,5 
18.4 
~8.8 

~].9 
)1.5 
}2.2 

Coefficient 
Standard of 
deviation variat ion 

0.12 4.9 
0.17 6.1 
0.18 6.4 

6.62 1.6 
0.41 1.1 
0.41 1.1 

1.36 1.5 
1.15 1.3 
1.12 1.2 

2. l~xtraction Method ( 4 ) .  T h e  s a m p l e  is d i s so lved  in chlo- 
r o f o r m ,  a n d  the  g l y c e r o l  is r e m o v e d  b y  e x t r a c t i o n  w i t h  
w a t e r .  P e r i o d i c  a c i d  in  a n  a c e t i c  a c i d - w a t e r  s o l u t i o n  is  
a d d e d .  T h e  p e r i o d i c  a c i d  c o n s u m e d  b y  o x i d a t i o n  of  the  
m o n o g l y e e r i d e  is d e t e r m i n e d  f r o m  a n  i o d i m e t r i c  t i t r a t i o n ,  
u s i n g  a s o d i u m  t h i o s u l f a t e  so lu t ion  a n d  s t a r c h  i n d i c a t o r .  

3. Part i t ion Method ( a  m o d i f i c a t i o n  of  the  e x t r a c t i o n  m e t h o d  
d e v e l o p e d  in  S w i f t  a n d  C o m p a n y  R e s e a r c h  L a b o r a t o r i e s ) .  
T h e  s a m p l e  i s  d i s so lved  in  c h l o r o f o r m ;  a n  e q u a l  v o l u m e  
of  w a t e r  is a d d e d ,  shaken ,  a n d  a l l owed  to s e p a r a t e  i n to  
two  p h a s e s ;  a n  a l i q u o t  o f  t he  c h l o r o f o r m  so lu t ion  is 
p i p e t t e d  f o r  t h e  m o n o g l y c e r i d e  d e t e r m i n a t i o n .  T h e  mono-  
g l y c e r i d e  is d e t e r m i n e d  in  the  s a m e  m a n n e r  as  in  t he  
e x t r a c t i o n  m e t h o d .  

A single sample was analyzed by the suheommittee 
in 1954, using the three methods under  trial. The 
same sample was resubmitted to the subcommittee as 
an unknown in 1955 and 1956, and duplicate portions 
were also submitted as " k n o w n s . "  The purpose of 
the " k n o w n "  was to serve as a p r imary  s tandard  for 
over-all determination. The results obtained on this 
sample in three consecutive years appear  in Table I. 

Three additional samples were submitted to the 
subcommittee in 1955 and again in 1956. The latest 
results obtained on these samples appear  in Table II .  

All of the data  were statistically processed by  H. 
P. Andrews. The summary appearing in Table IV 
indicates the 95% probabil i ty limits for  a number of 
analytical situations. 

TABLE I V  

Precision of the Parti t ion Method at Various 
Monoglyceride Levels 

Difference between 

%Mono- 
glyeeride 
present, 
approx. 

2 x  
Standard 
deviation 

Single detn. 
by same 

analyst on 
different 

days 

Single detn. 
by different 
analysts in 
the same 

labs. 

Single an- 
alyses in 
different 

laboratories 

3.0 ~0 .36  0.27 0.51 0.51 
40.0 ~0.8  0.6 1.2 1.2 
90.0 ~2.2  2.0 3.2 3.2 

Af ter  due consideration the committee recommends 
the Par t i t ion Method on the basis of superior preci- 
sion: more simple than the Extract ion Method and 
more precise than the Miner Method. 
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Studies on Castor Oil. Ii. Hydrogenation of Castor Oil I 
B. SREENIVASAN, 2 N. R. KAMATH, and J. G. KANE, Department of Chemical Technology, 
University of Bombay, Bombay, India 

T 
H E  HYDROGEN'ATION OF CASTOR OIL~ also of methyl 
ricinoleate, has been studied by several investi- 
gators (2, 6-13, 15, 20-23). In  spite of wide vari- 

ations in conditions of hydrogenat ion with respect to 
type and amount of catalyst, temperature  and pres- 
sure, practically all the investigators have assumed 
that  the products  formed will be essentially esters of 
12-hydroxy stearic acid and /o r  stearic acid; only the 
relative proportions will be dependent  on the exter- 
nal factors. Thus a) at low temperatures  and low 
pressures the rate of hydrogenat ion is slow; b) at 

1 Pa r t  of the thesis submitted for the Ph.D. degree at the University 
of Bombay. 

Present  address: Lipides Laboratory, Department of Physiological 
Chemistry, Ohio State University, Columbus, O. 

low temperatures and low pressures, saturation of 
the double bond is the predominant reaction; c) at 
high temperatures and low pressures, dehydroxyla- 
tion is marked; and d) at high temperatures and 
high pressures, decomposition reactions predominate. 
These conclusions are based mainly on the chemical 
constants of the hydrogenated product and, in par- 
ticular, on the iodine and acetyl or hydroxyl values. 
Only in certain cases have attempts been made to 
confirm the above conclusions by separating some of 
the constituent fatty acids. Thus Grfin and Wolden- 
berg (5) and Thoms and Deckert (19) isolated 12- 
hydroxy stearie acid from hydrogenated methyl ric- 
inoleate and hydrogenated castor oil, respectively. 
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Gupta and Aggarwal (6) hydrogenated castor oil at 
250~ and 75 p.s.i., using 2% of a commercial nickel 
catalyst for 20 hrs., and obtained a product of low 
acetyl and iodine values, from which they were able 
to isolate stearic acid in 60% yield. 

While saturation of the double bonds and hydro- 
genolysis of the hydroxyl of the ricinoleic acid chain 
are undoubtedly the major reactions that occur when 
castor oil or methyl ricinoleate is hydrogenated, it 
must be pointed out that a number of other reactions 
can occur even under comparatively mild conditions. 
These reactions include conjugated hydrogenation, 
dehydration, shifting of the double bond and isom- 
erization, cyclization, estolide formation, hydrolysis, 
polymerization, and polycondensation. If  these reac- 
tions do occur, the reaction products will definitely 
show different iodine and acetyl values without any 
hydrogenation. Besides, as has been already pointed 
out in part I of this work (17), these values are t ruly 
representative only under certain rigid conditions 
and for glycerides containing specific component fa t ty  
acids. Sudborough et al. (18) and Toyama and Ishi- 
kawa (20) have observed that hydrogenated castor 
oils give erratic iodine values because of the presence 
of monohydroxy stearic acid. 

There is a need to have an unambiguous method for 
determining the fat ty acid composition of hydrogen- 
ated castor oil, particularly the intermediate prod- 
uctsi so as to determine the type of reactions that oc- 
cur during hydrogenation. The method described in 
part I (17) of this work for determining the fat ty 
acid composition of castor oil should prove to be con- 
venient for this purpose. 

In the present investigation castor oil has been hy- 
drogenated, using two different preparations of nickel 
catalyst (Raney nickel and dry reduced nickel) in 
two different proportions (0.1 and 1.0%) at various 
temperatures (80 ~ to 240~ for different periods 
(2 to 10 hrs.). The course of hydrogenation under 
these conditions has been studied by analyzing peri- 
odical samples for their acid values, iodine values, 
hydroxyl values, and melting points. A few repre- 
sentative samples have also been analyzed for their 
fa t ty  acid composition by the technique reported in 
Part  I. 

In addition, castor oil has been hydrogenated with 
Raney nickel in the presence of ethyl alcohol, at room 
temperature (25-30~ under comparatively low 
pressure (40 p.s.i.). Essentially under these condi- 
tions saturation of the double bond occurs, indicat- 
ing that these are the most favorable conditions for 
the preparation of the glycerides of 12-hydroxy ste- 
aric acid. On the other hand, if a product which is 
essentially tristearin is required to be produced from 

castor  oil, the desired conditions of hydrogenation 
will have to be determined. It  may be added that, 
from the point of view of the prevailing conditions in 
India, a tristearin obtained from castor oil should 
prove to be an economically attractive proposition. 

Experimental 
The three lots of castor oil were the same as those 

previously Studied. Their constants and compositions 
have been already reported (17). 

Catalyst. a) Raney nickel. This was prepared 
from Ni-A1 alloy powder according to the procedure 
of Covert and Adkins (3). The catalyst was stored 
under absolute alcohol. 

b) Dry-reduced nickel. Nickel carbonate was pre- 
cipitated in  the presence of "Hyflo-super-cell" (Ce- 
lite), from a boiling solution of nickel nitrate by so- 
dium carbonate. The precipitate was washed free of 
water solubles, dried, and stored. The proportion of 
support was so adjusted that the completely reduced 
catalyst contained about 20% Ni. Requisite quanti- 
ties of this supported catalyst were reduced accord- 
ing to the procedure of Covert et al. (4) and used 
directly for hydrogenation. 

Hydrogenation Procedure. About 200-300 g. of the 
oil were hydrogenated in a three-neck flask equipped 
with a mechanical stirrer through the middle neck. 
A thermometer, a hydrogen inlet tube, and a tube for 
reinoving samples were introduced through the two 
side-necks. Samples of the hydrogenated oil were re- 
moved at certain intervals and analyzed. Hydrogen- 
ations under pressure were carried out in Parr  lab- 
oratory hydrogenation apparatus. 

T A B L E  I 

Hydrogena t ion  of Castor  Oil a at Atmospher ic  P re s su re  
and  Var ious  Tempera tures  

Cata lys t - - -Raney Nickel 0 .1% 

Expt .  Temp. 
No. ~ 

1 160 

2 180 

3 200 

4 220 

Time 
H o u r s  

Iod ine  Value 
W i j s  

30-33eC.  

72,5 
67.6 
62.5 
69.4 
64.2 
57.9 
67.2 
58.2 
50.4 
58.0 
48,5 
38.8 

]~Iydroxyl 
Value  

155.6 
155.6 
155.6 
151.1 
142.8 
137.5 
146.7 
136.6  
131.2 
127.6 
111.9 
104.0 

Mel t ing  
P o i n t  

QC. 

46.5 
55.6 
63.0 
51.5 
55.5 
63.5 
52.0 
58.5 
63.0 
52.0 
59.5 
62.0 

C a t a t y s t - - R a n e y  Nickel 1.0% 

5 
6 
7 

8 

9 

10 

11 b 

12 b 

13 e 

80 
100 
140 

160 

180 

200 

220 

240 

220 

68.0 
67.3 
55,7 
41.3 
27,2 
38.3 
20.8 
13.3 
52.5 
24.7 
12.5 

8.5 
50.4 
18.2 
10.0 

7.0 
44.6 
14.0 
12.4 
10.6 
65.3(c) 
56.6(c) 
50.3(c~ 
84.9 

162.7 
154.5 
142.7 
130.4 
126.0 
127.6 
117.1 
117.2 
122.5 
106.5 
101.2 

97.1 
103.1 

78.2 
68.3 
65.2 
77.8 
55.1 
40.3 
36.2 
89.5 
58.6 
32.5 

153.1 

6~.5 
71.0 
78.0 
74.0 
78.0 
78.5 
58.0 
75,5 
70.5 
68.5 
56.5 
67.5 
67.O 
65.0 
58.0 
55.7 
52.0 
52.0 
37.0 
39.5 
40.5 

CatMyst---Dry Reduced Nickel, 1 .0% 

14 

15 

16 b 

140 4 
6 
8 

180 4 
6 
8 

220 4 
6 
8 

60.7 
49.7 
33.7 
17.9 

5.7 
4.8 

65.6 
39.3 
22.5 

130,7 
109.4 

97.2 
64.1 
62.0 
59.8 
69.0 
44,5 
34.6 

51.0 
56.0 
66.0 
64.5 
65.0 
65.0 
57.0 
65.0 
67.0 

a Average  values  as repor ted  in  pa r t  I ( 1 7 ) :  Iod ine  va lue  W i j s  3 0 -  
33~ 84.3;  hydroxyl  v a l u e - - 1 6 3 . 0 .  

b Marked  changes in  acid va lues  wi th  t ime were noted in these ex- 
pe r iments  only:  

Expt .  No. Acid va lues  

hrs.  4 hrs. 6 hrs.  8 hrs. 

11 3.3 4.1 4.4 4.4 
12 7.3 11.3 13.7 15.1 
16 3.1 5.2 6.7 6.7 

r Iod ine  va lues  by the W o b u r n  method. 

,1E~%m.234 rote values  for these two samples before and after  isomeri- 

zation were. 10.4, 8.8 an4 17.2, 13.4, respectively.  
e B l a n k  experiment,  u s ing  n i t rogen  ins tead of hydrogen.  
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The various hydrogenation runs together with ana- 
lytical values of the various samples of hydrogenated 
castor oil are given in Tables I, II,  and III .  In  Table 
IV are given iodine values of hydrogenated castor oil 
and its derivatives, obtained by different procedures. 

A number of typical  hydrogenated castor oil sam- 
ples were resolved into hydroxy  and nonhydroxy por- 
tions by the technique described in Pa r t  I (17). Data 
on this resolution are given in Table V. The methyl 
esters of the above typical  samples were analyzed for 
their total unsaturat ion (Wijs I.V. method at 15-20 ~ 
C.), dienoic acids content (spectrophotometrieally),  
and dihydroxy stearic acid content (periodic acid ox- 
idation of the ful ly hydrogenated methyl esters). 
Independent  estimation of the lat ter  acid was neces- 
sary in order to obtain the 12-hydroxy stearic acid by 
difference. The methods of estimation and calculation 
were essentially the same as described in Par t  I (17). 
The analytical data and the fa t ty  acid compositions 
of the various samples have been given in Table V. 

Discussion 
The double bond and the hydroxyl  group of ricin- 

oleic acid are the two centers which are affected dur- 
ing hydrogenation. The extent of this influence and 
its dependence on the conditions of hydrogenation 
arc c lea r ly  brought out by the values given in Table 
I. Increasing the time or the temperature  of hydro- 
genation or the amount  of catalyst decreases both the 
iodine and hydroxyl  values but increases the melting 
point. Although these values reflect only the over-all 
resultant  effect of several reactions, they would, if 
considered along with some more data  as given in 
Table V, throw considerable light on the course of 
hydrogenation under  different conditions. 

During hydrogenat ion it was observed that drop- 
lets of water tended to condense on the cooler parts  
of the reaction flask in most of the experiments, show: 
ing thereby that  the hydroxyl  group of ricinoleic 
acid was undergoing some reaction. Water  formation 
could be caused by etherification, estolide formation, 
dehydration, or hydrogenolysis. I t  is unlikely that  
etherification reactions are occurring under  these con- 
ditions specially with a secondary hydroxyl  group. 
Hydrogenolysis is known to occur to a limited extent 
only even under  very  drastic conditions of high tem- 
perature  and high pressure (1, 14, 16). Estolide for- 
mation demands initial splitt ing of the glycerides and 
subsequent esterification of the hydroxyl  groups of 
the hydroxy  acids, in which case the product  should 
have significant acid value and a lower hydroxyl  val- 
ue than its methyl  esters. Since most hydrogenated 
products do not satisfy these requirements, it is rea- 
sonable to conclude that  the Chief reaction responsible 
for  water formation is dehydration. Thus, on this 
basis, hydrogenation of ricinoleic acid to form stearic 
acid can be represented schematically as in Chart  I. 

CHART I 

Conjugated •nd 
Nonconiugated Dienoic Acids 

D e h y d r a t i ~  ~ydrogeno,  ior, 
Cis and Trons Ricinoleic Acid Octadecenoic Acids 

Hydrogenat i o n ~  ~ h y d r a t i o n  

12 Hydroxy 
Steoric Acid 

Further �9 Steoric 
Hydrogenation Acid 

The presence of dienoic acids in the products at a 
stage when the linoleic acid of the original oil can be 
reasonably considered to have been hydrogenated and 
any increase in the content  of nonhydroxy acids over 
the original amount can be taken as indications that  
dehydrat ion is occurring. The composition of the hy- 
drogenated oils will depend largely on the relative 
rates of the reactions shown in Chart  I under  the vari- 
ous conditions tried. These Points are brought out in 
the discussion that  follows. 

Raney Nickel 0.1%. At the lowest temperature  
studied, viz., 160 ~ reduction in iodine value is small 
and the hydroxyl  value is practically unaffected. 
Temperatures  of the order  of 220 ~ are required to 
cause appreciable decrease in both iodine and hy- 
droxyl values. The hydroxyl  values of the glycerides 
(experiments 2 and 4, Table I) and m e t h y l  esters 
(Table V) are of the same order, indicating the ab- 
sence of estolides. There is a progressive increase in 
melting points with the time of reaction. I t  is how- 
ever to be noted that  all the final eight-hour samples 
have almost similar melting points in spite of marked 
differences in their chemical constants. 

Comparison of the composition of raw castor oil 
and of sample 2 (Table V) shows considerable de- 
crease in ricinoleic acid and the presence of an appre= 
ciable quant i ty  of 12-hydroxystearic acid. However 
ricinoleic acid and 12-hydroxystearic acid amount  to 
only 73.2%, showing that  the balance of 12.5% (85.7- 
73.2) have become nonhydroxy  acids. T h i s  is sup- 
ported by an increase in the total amount of 
nonhydroxy acids. This rise in the content of nonhy- 
droxy acids and the presence of a small but  signifi- 
cant amount  of conjugated dienoic acid show that  
dehydrat ion has occurred. The amount  of ricinoleic 
acid converted into 12-hydroxy stearic acid is much 
higher than that  into nonhydroxy acids, a fact which 
means that  hydrogenat ion of ricinoleic acid is pro- 
ceeding at a faster rate than dehydrat ion at 180 ~ In 
Sample 4 linoleic acid has disappeared, ricinoleie acid 
content is reduced far ther ,  saturated nonhydroxy 
acids have increased to 30%, and the nonhydroxy 
monoethenoic acids are of the same order as in sam- 
ple 2. The proportions of 12-hydroxy stearic acid and 
nonhydroxy acids derived from ricinoleic acid are 
close to each other, indicating that  at 220 ~ dehydra- 
tion and hydrogenation of ricinoleic acid are proceed- 
ing at about the same rate and also that  the hydro- 
genation of the acids produced by dehydrat ion has 
increased. I t  is likely that  considerable amounts of 
trans acids (both hydroxy  and nonhydroxy)  are pro- 
duced under  the various conditions studied, and this 
aspect was not investigated because of lack of both 
necessary equipment and infrared data on hydroxy 
acids. I t  is evident that,  with 0.1% Raney nickel, 
even at 220 ~ one cannot get products of low iodine 
and hydroxyl  values in a reasonable time. 

Raney Nickel 1.0%. With the increase in the 
amount of catalyst the rate of hydrogenation is ap- 
preciable even at 140 ~ I t  reaches a maximum at 200 ~ 
and distinctly drops off at 240 ~ . On the other hand, 
the increase in the rate of dehydrat ion is small and 
its opt imum appears to be about 240 ~ . Though prod- 
ucts of iodine value, about 10 are obtained at lower 

temperatures .  The hydrogenation of castor oil at 
220 ~ for  8 hours, using 1.0% Raney nickel, appears 
to be best f o r  getting products of maximum nonhy- 
droxy acids, chiefly stearic acid, and a low content of 
hydroxy acids (experiment 11, Table V) .  At  240: ~ 
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T A B L E  I I  

Stepwise tIydrogenation of Castor Oil 
Catalyst U s e d - - R a n e y  Nickel 

Experiment  
No. 

17 

18 

19 

20 

21 

22 

23 

2 4  

1st 
stage 

Catalyst % - - T i m e  in hours 

Total 

Temperature 

200  

200  

200  
24O 
24O 
20O 

220  
24O 
24O 
200  

220  
220 
22O 

22O 

Acid 
value 

1 . 0 - 4  
1 . 0 - 4  
1 . 0 - 4  

2 . 0 - 2  
2.0--4 
2,0--4 
2.0--4 

2.0--2 
2.0--2 
2.0--2 
2 . 0 - 2  

1.0-Lt 
1.0--4 
1 . 0 - 4  
1 . 0 - 4  

1 . 0 - 4  
1.0--4 
1 . 0 - 4  

2 . 0 - 2  
2.0--2 
2.0-2 
2.0-2 
2.0-2 
2.0-2 

2 . 0 - 8  
2 . 0 - 8  

2 . 0 - 4  
2 . 0 - 4  
2 . 0 - 4  

2rid ] 
stage 

1.0--2 
1.0--4 

2.0--2 
2.0-4 

0.0--2 
0.0--4 
0 . 0 - 6  

0.0-2 
0 . 0 - 4  
0 . 0 - 5  

1.0--2 
1.0-4 

0 .0 -2  
0 . 0 - 4  
0 . 0 - 6  
0 . 5 - 2  
0 . 5 - 4  

0 , 5 - 4  

0 . 5 - 4  
0 , 5 - 2  

1 . 0 - 4  
2 . 0 - 6  

: 2.0--8 

2 . 0 - 2  
2 . 0 - 4  
4.0--6 
4 . 0 - 8  

2.0--2 
2.0--4 
2 . 0 - 6  
2 . 0 - 8  

1 . 0 - 4  
1.0--6 
1 . 0 - 8  
1 . 0 - 9  

1 . 0 - 4  
2 . 0 - 6  
2 . 0 - 8  

2 . 0 - 2  
9 . 0 - 4  
2 , 0 - 6  
2 . 0 - 8  
2.5--10 
2.5--12 

2.0--8 
2 . 5 - 1 2  

2 . 0 - 4  
2 . 5 - 8  
2.5--10 

220  

2 2 0  

4 .5  
5.0 
5.2 

4,1 
4 .9  
5 .4  
5.7 

6.4 
6.8 
6.9 

6.4 
8.2 
8.4 
8.5 

6.4 
7.2 
7.5 

5.4 
7.3 
7.4 
7.6 
7.6 
7.9 

5.6 

5.4 
5.6 

Hydrogenated product 

Iodine value 
Wijs  ( 1 5 - 2 0 ~  

16.8  
4.0 
2.2 

10 .9  
3.5 
1.7 
1.1 

16.1  
8.9 
6.1 

23 .0  
11.1  

6.5 
5.3 

16 .4  
5.7 
3.4 

35 .8  
12 .9  

5.5 
2 .4  
2 .4  
2.0 

2.0 

2.0 
1.6 

HydroxyI 
value 

72.0  
63.8  
48 .5  

64 .6  
58.5  
37 .0  
2 9 . 5 ( 4 5 . 4 )  ~. 

40.5 
20.1  
2 6 . 4 ( 3 8 . 2 )  a 

62.1 
36,1  
28 ,4  
2 7 . 4 ( 3 9 . 8 ) "  

54.8  
35.9  
25 .1  

60.4  
36 .4  
25 .4  
21 .4  
17 .6  
1 2 . 7 ( 4 6 . 0 )  a 

1 7 . 5 ( 3 8 . 6 )  a 

20 .3  
20 .0  

a Hydroxyl  values of methyl esters. 

the samples show higher iodine values with consider- 
able proportions of dienoic acids (Table 1, Experi- 
ment 12, 4- and 6-hr. samples) affording more evi- 
dence for dehydration during the hydrogenation of 
castor oil. Considerable splitting has occurred as 
shown by the high acid values of the samples. 

The melting" points of the various products appar- 
ently show a peculiar behavior. At the lower temper- 
atures (experiments 7 and 8) the melting point in- 
creases with the time of reaction and parallels a rapid 
decrease in iodine values, which is also true in the 
early stages of reaction (up to 4 hrs. with 9 and 10) 
at 180 ~ and 200 ~ respectively. This rise in melting 
point is obviously caused by the rise in the content 
of 12-hydroxy-stearic acid (m.p. 84~ as shown by 
the fairly high hydroxyl values of these samples. 
This means that under these conditions hydrogena- 
tion of ricinoIeic acid is more pronounced than dehy- 
dration. When dehydration with the consequent pro- 
duction of nonhydroxy acids becames more marked, 
the melting point drops off. This is brought out best 
in experiment 11, where the progressive decrease in 
melting point is paralleled by considerable decrease 
in both iodine and hydroxyl values. It is thus likely 
that at 220 ~ dehydration and hydrogenation of the 
resulting unsaturated acids are proceeding at a faster 
rate than simple hydrogenation of ricinoleic acid. 

The hydroxyl values of the glycerides of samples 
7 and 9 (Table I) and methyl esters (Table V) are 
about the same, showing the absence of esto!ide for: 
mation while with 11 there is evidence for a small 
amount of estolides. 

With sample 9 there is a definite increase in the 
contents of both saturated nonhydroxy acids and hy- 
droxy acids as compared to 2, indicating that at 180 ~ 
increase in the amount of catalyst has favored satu- 
ration of the double bond. Although the conversion 
of ricinoleic acid into nonhydroxy acids has in- 

creased, yet it is of the same order as with 0.1% at 
220 ~ (Table V, Experiment 4). This obviously re- 
sults from the fact that the rate of dehydration of 
the saturated hydroxy acid, 12-hydroxy stearie acid, 
is very low at 180 ~ . Similar comparisons of the com- 
positions of experiments 4 and 11 reveal considerable 
increase in the conversion of ricinoleic acid into non- 
hydroxy acids and in the content of saturated non- 
hydroxy acids while there is a definite decrease in 
the content of unsaturated nonhydroxy acids. These 
observations point out that at 220 ~ the increase in 
the amount of catalyst has markedly increased the 
rates of dehydration of hydroxy acids and the hydro- 
genation of the resulting unsaturated acids, thus con- 
firming the point made earlier. 

It is of interest to note the decrease in dihydroxy- 
stearic acid, which is considerable--l.0% in contrast 
to 0.1% catalyst. 

A blank experiment (experiment 13, Table I) car- 
ried out in a current of nitrogent instead of hydrogen 
under otherwise comparable conditions (experiment 
11) showed negligible change in iodine value with a 
slight decrease in hydroxyl value. It is apparent that, 
even at 220 ~ nickel is not an effective dehydration 
catalyst. 

Dry-Reduced Nickel 1.0%. With this catalyst the 
results obtained are different than with Raney nickel 
under comparable conditions (compare experiments 
14, 15, and 16 with 7, 9, and I1, respectively, Tables 
I and V).  At 140 ~ there is a greater conversion of 
ricinoleic acid into nonhydroxy acids, and the amount 
of saturated nonhydroxy acids is also higher, with a 
consequently lower proportion of 12-hydroxy stearic 
acid. Therefore dehydration and hydrogenation are 
occurring to a marked extent with this catalyst even 
at such a low temperature. These general tendencies 
are more pronounced at 180 ~ when ricinoleic acid has 
almost disappeared. The lower content of 12-hydroxy 
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T A B L E  I I I  

t I y d r o g e n a t i o n  of Cas to r  Oil in Solut ion  wi th  l~aney Nicke l  ( a t  4 0 - 4 2  p.s. i ,  and  3 0 - 3 3 ~  

E thy l  
E x p e r i m e n t  No. Oil alcohol Cata lys t  T i m e  I ' V '  H y d r o x y l  m.p, 

g. ( 9 5 % )  % hrs .  Wi js  va lue  ~) ~ 
ml. 30- -33~  

25 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ...... 100  Nil  1.0 8 82 .9  163 .5  - -  
26  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  100  75 1.0 8 66.1  1 6 3 . 3  61.5  
27  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  75 75 1.0 8 55 ,7  163 .7  69.5  
28  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  75 100  1.0 8 4 8 . 4  1 6 3 . 4  73~5 
29 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  50 100  5.0 8 20 .3  1 6 3 . 4  82 .0  
30 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  50 100  .+3.03"0}6 + 5 }10 8;4~ 163 .1  82 .5  

a Wijs ,  1 5 - 2 0 ~  
b Ave rage  hydroxyl  va lue  for  o r i g i n a l  cas to r  o i 1 - - 1 6 3 . 0 .  

stearic acid reveals tha t  dehydra t ion  of this acid is 
also occurring to a greater  extent. The higher pro- 
port ion of sa turated nonhydroxy  acids indicate an 
increased rate of hydrogenat ion of the double bond. 
In  contrast,  at  220 ~ the product  a f te r  eight hours of 
hydrogenat ion contains a significant amount  of ricin- 
oleic acid, appreciable aniounts of oleic and iso-oleic 
acids, and a small amount  of dienoic acid while the 
conversion of ricinoleic acid into nonhydroxy  acids is 
about  the highest. These points demonstrate  that  the 
dehydrat ion of the hydroxy  acids has proceeded at a 
faster  rate than the hydrogenat ion of consequent un- 
sa turated acids or ricinoleic acid. At  the three tem- 
pera tures  studied the dry-reduced catalyst  is superior  
to Rancy  nickel with respect to both hydrogenat ion 
and dehydration.  The content of d ihydroxy stearic 
acid is reduced but not to t he  same extent as it 
is with Raney nickel. The hydroxyl  values of glycer- 
ides and methyl  esters of samples 14 and 15 (Tables 
I and V) are about the same, and therefore no esto- 
lide forniation has taken place. In  contrast, at  220 ~ 
(exper iment  16), a small difference is noted, which 
indicates that  estolide format ion has occurred to a 
small extent at this temperature .  With  dry-reduced 
catalyst,  conditions represented by exper iment  15 are 
good enough for obtaining a product  with a high con- 
tent  of sa turated nonhydroxyl  acids with the added 
advantage  of a lower temperature .  

Stepwise Addition of Cattdyst. F r o m  Table I it is 
seen that  under  the opt imum conditions used, both 
the iodine and hydroxyl  values reach limiting values 
of 5 and 35, respectively. Increasing the tempera ture  
beyond the opt imum has been found to have a re- 
t a rd ing  effect on hydrogenation.  Therefore larger  
amounts  of catalyst  as well as longer periods of hy- 
drogenation were used to see the effect on the two 

values. I t  is noted f rom Table 2 tha t  by adding the 
catalyst  in one lot up to 2% or in stages up to 4%, 
or increasing the time of reaction to 12 hrs., the 
iodine value is reduced to about 1, but the hydroxyl  
value is not reduced to the same extent. The re- 
corded hydroxyl  values of the hydrogenated  samples 
are not t ru ly  representat ive as there is evidence of 
estolide format ion [Vide : difference in the hydroxyl  
values of the glycerides and their  methyl  esters 
(Table I I ,  last co lumn)] .  In  addition, some spli t t ing 
takes place. 

Hydrogenation in Solution. The results given in 
Table I I I  show that  a) the addition of alcohol en- 
hances grea t ly  the saturat ion of the double bond, 
b) large portions of the catalyst  added in two stages 

T A B L E  I V  

C o m p a r a t i v e  Iod ine  Va lues  of Some H y d r o g e n a t e d  P roduc t s  

No. P r o d u c t  

H y d r o g e n a t e d  
cas tor  oil 

Acety la ted  p r o d u c t  
of No. 1 above 

Methyl  es ter  of 
No. 1 a b o v e  

Wijs, 30 rain.  

3 0 - 3 3 ~  1 5 - 2 0 ~  

28.2  17 .6  

19.2 14.2  

27 .8  17.3  

/~romoraeSrie, 60 
min.  3 0 - 3 3 ~  

Uncor-  Cor- 
rec ted  rec ted  

70.2 17.3 

19.9 11.4  

61.4 17.3 

hell) in reaching low iodine values, and c) no reac- 
tion occurs at  the hydroxyl  group, thus permit t ing 
the product ion of the max imum quant i ty  of 12-hy- 
droxy stearic acid. 

The f a t t y  acid composition of sample 30, Table V, 
has about the same proport ions of hydroxy  and non- 
hydroxy  acids as the parent  oil, thus confirming the 
points made above that  no reaction has occurred at 
the hydroxyl  group. 

T A B L E  V 

Analysis ,  Resolut ion ,  and  Composit ion of Methyl  E s t e r s  of Samples  of H y d r o g e n a t e d  Cas tor  Oil 

Exp t .  
No. 

R a w  a 
( ! a s t o r  oil 

2 
4 
7 
9 

11 
14  
15 
16 
30 

Analys is  of methyl  es ters  
~% 

E~cm. 2 3 4  rote 

163 .0  82 .6  5.8 33.1  
135 .8  49 .1  6.6 7.4 
103 .4  25 .5  3.2 3.2 
125 .8  17 .0  2 .4  3.9 

97.2  4.1 - -  - -  
40 .5  2.8 - -  - -  
96 ,2  17.3  2.3 3 ,0  
58.7  1,6 - -  - -  
38.8  13 .6  2,8 6.5 

l 6 2 . 4  7 . 9  - -  - -  

Resolu t ion  of 
es ters  

Non- 
Hydroxy  hydroxy 

% % 

87.8  12.2  
74.8 25 .2  
56 .3  43 .7  
69.0  31 .0  
53 .5  46 .5  
22 .0  78.0  
53 ,0  4 7 . 0  
31~5 68 .5  
21 .0  79 .0  
88.3  11 .7  

I .V.  
Wi j  s 

1 5 - 2 0 ~  
non- 

hydroxy 
es ters  

52.3  
27 .2  
26 .2  

8.0 
2.3 

20 .2  
1.4 

10 .9  
16 .0  

Composi t ion of methyl  es te rs  

r ~  ~. 

3.3 5 .4  3.5 
10 .7  13 .6  0.9 
29 .8  13.9  - -  
21 .5  9.5 
42 .1  4 .4  - -  
75.9  2.1 - -  
35 .9  11,1 - -  
67 .4  1.1 - -  
69 .7  8.6 0.7 

9.5 2.2 - -  

85 .7  - -  2 .0  
31.9  41 .3  1 .6  
16.8  37 .6  1.9 
11 .1  56 .9  1 .0  

0.5 52 .2  0 .8  
1.2 2 0 . 4  0 .4  
9 .6  42 .3  1,1 
0.8 29 .3  1 .4  
6.1 13.3  1 .6  
7.4 78.2  2 .7  

Ric inole ic  
conver ted  
into non- 
hydroxy 

a c i d s  b 
% 

1 2 . 5  
31.3  
17 .7  
33 .0  
64.1 
33 ,8  
55 .6  
66.3  

, Ave rage  of va lues  r epo r t ed  for t h e  t h r e e  samples  of cas tor  oil in  P a r t  I (171 p r e s e n t e d  for  pu rposes  of compar i son .  
b Calcu}~ted t h u s :  8 5 . 7 - - ( %  12 hydroxy  s t ea r i c  acid  in h y d r o g e n a t e d  s a m p ~ e ) - - ( % r i c i n o l e i c  acid  in  h y d r o g e n a t e d  s~mple ) ,  
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Estimation of Unsaturation. I t  has been shown in 
Par t  I of this work (17) that  the Standard  Wijs  
method employed at 15-20~ gives an accurate meas- 
ure of the total unsaturat ion of the me thy les t e r s  of 
castor oil and can be used in calculating the f a t ty  
acid composition. A comparative s tudy of the iodine 
values of hydrogenated castor oil, its mixed methyl 
esters, and acetylated hydrogenated castor oil  has 
shown (Table IV) that  the same method can be ap- 
plied with certainty to the methyl  esters of hydro- 
genated castor oil. This has therefore been employed 
in calculating the fa t ty  acid composition of various 
samples of hydrogenated castor oil, as given in Table 
V. The high uncorrected iodine value by the bromo- 
metric method shows that  substitution predominates 
in hydrogenated castor oil. In such an oil there is an 
excess of hydroxyl  groups over double bonds with the 
result that a greater  quant i ty  and higher concentra- 
tion of halogens are available for  side reactions than 
in castor oil. 

Summary 
1. Products  of low iodine value (~10 .0 )  and hy- 

droxyl  value (35-40) can be readily obtained by hy- 
drogenating castor oil at  atmospheric pressure and at 
temperatures  of the order of 220 ~ using 1.0% Raney 
nickel. 

2. Dehydrat ion of ricinoleic acid and subsequent 
hydrogenation of the resulting double bond as also 
simple saturation of ricinoleic acid are the main re- 
actions occurring dur ing the hydrogenation of castor 
oil under  ordinary conditions. 

3. Increase in the amount  of catalyst favors more 
the hydrogenation of double bond at lower tempera- 
tures and both dehydrat ion and hydrogenat ion at 
about 220 ~ , which seems to be the optimum tempera- 
ture  for the maximum conversion of ricinoleic acid 

into nonhydroxy acids with both Raney and dry- 
reduced nickel at atmospheric pressures. 

4. Higher  proportions of catalyst, addition of cat- 
alyst stepwise, and higher temperature  of hydro- 
genation cause considerable splitting and estolide 
formation. 

5. When hydrogenation is carried out at room tem- 
perature,  under  a pressure of 40 p.s.i, with alcohol 
as solvent, a product  rich in monohydroxy stearic 
acid is obtained. 

6. True  unsaturat ion of hydrogenated castor oil is 
measured by the Wijs method at 15-20~ 
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Reactions of Unsaturated Fatty Alcohols. III. Viscosity and 
Molecular Weight Studies on Some Vinyl Ether Polymers 1 
L. E. GAST, W. J. SCHNEIDER, and H. M. TEETER, Northern Utilization Research Branch, 
Agricultural Research Service, U. S. Department of Agriculture, Peoria, Illinois 

R 
E C E N T  W'ORK AT T H I S  LABORATORY o n  the prepara- 

tion and polymerization of vinyl alkyl ethers 
derived from fa t ty  alcohols has resulted in the 

initiation of molecular weight studies on these ma- 
terials. Although several of the higher vinyl ether 
polymers have been known for a number of years, no 
molecular weight information appears to have been 
published. Investigators working with the higher 
alkyl vinyl ether polymers have refer red  to viscosity 
measurements to get comparisons of the degree of 
polymerization of their  products. I t  seemed to us 
that  a relationship between molecular weight and 
intrinsic viscosity for  the higher alkyl vinyl ethers 
Would be valuable. This paper  reports  the results 
of our studies on stearyl, soybean, and linseed vinyl 
ether polymers. 

Molecular Weight Studies 
In  a previous paper  of this series (9) prel iminary 

experiments on the polymerization of vinyl ethers 

1 Presented  at  fall meeting, American Oil Chemists'  Society, Septem- 
ber 23"26 ,  1956, Chicago, Ill. 

prepared from stearyl alcohol and several  unsatu- 
rated fa t ty  alcohols were described. Molecular  weight 
data obtained by boiling-point elevation studies in ben- 
zene gave molecular weights ranging from 1,000-5,000. 
However the method was not considered satisfactory 
for our purposes because improved polymerization 
conditions were giving polymers of higher molecular 
weight and the relatively small boiling-point elevation 
in benzene reduced the accuracy of the determina- 
tion. Isothermal distillation methods for determining 
molecular weights seemed a possible solution. The 
method of Par re t te  (6), using a modified Signer tube 
agitated by a rocking device, was tried, but  attain- 
ment of equilibrium was too slow for o u r  purposes. 
Cyelohexane has a ra ther  large molal depression con- 
stant (KI), and since our polymers were readily solu- 
ble in this solvent, a cryoscopic method was worked 
out. The apparatus  used was simple in design and 
was Similar to the convent ional  apparatus  used for 
this work (1).  A Beckman thermometer  was used 
to measure freezing-point depressions. Constant stir- 
r ing was accomplished by coupling an automobile 


