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T 
ttE MIGRATION Of double bonds dur ing the hydro- 
genation of unsa tura ted  f a t t y  acids and their  
derivatives has been the subject of a number  of 

investigations dur ing  the last 40 or more years ;  
though only within the last  several years  have suit- 
able methods become available for  determining quan- 
t i ta t ively the extent of this migration. Boelhouwer 
et al. (4) determined the extent of this migrat ion of 
the double bonds in methyl  esters of several unsatu- 
ra ted f a t t y  acids on hydrogenat ion at  about 1800C. 
with a supported nickel catalyst.  La te r  Knegtel  
et al. (9), using a more accurate method of analysis, 
determined the positions of the double bonds in pro- 
gressively hydrogenated samples of methyl  slants. 
Allen and Kiess (1, 2) determined the extent of mi- 
grat ion of double bonds in hydrogenated samples of 
oleic and linoleic acids and their  methyl  esters. The 
la t ter  investigators used only one set of hydrogen- 
ation conditions for  each sample except one; the two 
different tempera tures  were used for  linoleie acid. 
Appa ren t l y  the only investigation of the effect of the 
operat ing conditions on the migrat ion of double bonds 
was conducted by Chahine et al. (5), using cotton- 
seed oil. 

The purpose of the present  investigation was to 
obtain data  on the shift  of double bonds dur ing the 
catalyt ic  hydrogenat ion of methyl  linoteate under  
conditions which have been in common use. I n  this 
investigation a single sample of methyl  linoleate was 
used. The operat ing conditions var ied with temper-  
ature,  rate  of hydrogen dispersion, type  of catalyst,  
and catalyst  concentration. 

Experimental 
Materials. The methyl  linoleate was p repared  f rom 

safflower oil obtained f rom the Chemurgy  Division of 
the Univers i ty  of Nebraska.  The oil had an iodine 
value of 144.0 and a free f a t t y  acid content of 0.58% 
as oleie. 

Mixed f a t t y  acids were p repared  f rom the oil by 
saponifying 2,000 g. in 3,000 m]. of a 50% ethanol- 
in-water solution containing a 10% excess of sodium 
hydroxide.  Af te r  about 1 hr. at 75~ the solution 
was diluted with 2,500 ml. of water  and acidulated 
with dilute hydrochloric acid. The mixed f a t t y  acids 
which separated were washed with water  and dried. 

Linoleic acid was separated f rom the mixed f a t ty  
acids of safflower oil by a modification of tile urea  
complex precipi ta t ion method of Swern and Pa rke r  
( i l ) .  Briefly the mixed acids were dissolved with 1.6 
times their  weight of urea  in 4 volumes (based on the 
acids) of boiling absolute methanol. The hot solution 
was cooled slowly to room tempera tu re  and then 
stored over-night at 5-7~ The following day  the 

1 Presented at the  ~9th Annual Meeting, American Oil Chemists' Soci- 
ety, ~emphis,  Tenn., April 21-23,  1958. 

s One of the  laboratories of the  S o u t h e r n  Ut i l i za t ion  R e s e a r c h  and  
D e v e l o p m e n t  Division, Agricultural Research Service, U. S. Depar t -  
m e n t  of Agriculture. 
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solution was filtered, and the linoleic acid was recov- 
ered f rom the filtrate. The yield was 525.1 g. 

To obtain the methyl  linoleate the linoleic acid was 
dissolved in 2,642 ml. of absolute methanol,  14.3 ml. 
of sulfuric acid were added, and the mixture  was 
refluxed for  2 hrs. The methyl  linoleate was extracted 
with petroleum ether, washed with water,  dried, and 
s t r ipped with ni t rogen to remove the solvent. The 
methyl  linoleate was f ract ional ly  distilled to obtain 
approximate ly  394 g. of finished product  having an 
iodine value of 169.5 (theoretical, 172.4). This iodine 
value corresponds to a pu r i t y  of 96.6%, assuming 
the impur i ty  to be methyl  oleate. 

The nickel catalyst,  obtained f rom the Girdler  
Company, a was of the suppor ted  type  p repared  by 
electrolytic precipi ta t ion and d ry  reduction. The 
hardened oil in which the eatalyst  was suspended 
was replaced with methyl  linoleate jus t  before each 
hydrogenation.  

The sulfur-poisoned nickel catalyst  was p repared  
by a procedure devised by Ziels and Schmidt  (13). 
Five grams of sulfur  and 500 g. of cottonseed oil were 
heated and mixed for  2 hrs. at  95~ followed by 
another  2 hrs. of heat ing and mixing under  ni t rogen 
at 180~ Nine grams of the su l fura ted  oil were 
mixed with 500 g. of fresh cottonseed oil and 25 g. 
of nickel. The mixture  was hydrogenated to an iodine 
value of 86. The sulfur-poisoned catalyst  then was 
removed by filtration and used to hydrogenate  the 
methyl  linoleate. 

The other catalysts used were 10% pal ladium sup- 
ported on carbon and p la t inum dioxide. Both were 
obtained f rom Baker  and Company Inc. 

Hydrogenation Apparatus and Procedure. The hy- 
drogenations were carried out in a glass vessel shaped 
like a test tube (28 ram. in diameter  by  200 ram. long) 
and fitted at the upper  end with a 29/42 s tandard  
taper  joint. The outer p a r t  of the joint, which formed 
the head of the hydrogenat ion vessel, was fitted with 
hydrogen inlet and outlet tubes and a thermocouple 
well. The hydrogen inlet and thermocouple tubes 
extended to near  the bottom of the hydrogenat ion 
vessel. The ra te  of gas dispersiort was var ied by 
the use of two types  of hydrogen inlet tubes. One 
was equipped with a small, flat, f r i t ted  glass t ip 
(high rate of dispersion) while the t ip of the other 
was drawn down to a relat ively small diameter  (low 
rate  of dispersion).  

The sample was heated by use of an electric 
heating mantle. Tempera tu re  eontrol to __+ 1~ was 
achieved by regulat ing the current  to the mantle  and 
raising the vessel pa r t ly  out of or lowering it into 
the mantle. 

Hydrogen  was passed through the sample of methyl  
linoleate at a rate  of approximate ly  425 ml. per  rain- 
ute. The unabsorbed hydrogen was recycled by  means 
of a Sigma 3 pump  and suitable connections and by- 

s I t  is n e t  t h e  po l i cy  of the  D e p a r t m e n t  to r e c o m m e n d  or e n d o r s e  a 
product of one  firm over similar products manufactured by others .  
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T A B L E  I 
Opera t ional  and Analy t ica l  D a t a  o n  t h e  Hydrogena t ion  of Methyl Linolea te  

Hydrogena t ion  condit ions ] I I 

- - - - - -  t t y d r o  �9 T r a m s  

co p ~ . ~  I I dispers ion min.  va  wt .% 

1 200 0.2 Ni  ~ i g h  I 38 79.1 40.B 
170 0.4 Ni I H i g h  36 81.0 39.0 
170 0.2 Ni Low 80 80.4 38.1 
200 0.4 Ni Low 60 80,1 45.0 
170 0,1 I Ni [ H i g h  I 44 80.9 35.0 

7 140 0.2 I Ni I H i g h  I 79 79.2 26.2 
~10 0.2 I Ni I m~-h I 24~ 81.4 32.4 

190 170 0,2 I Ni-~Sa I 15ig'h I 224 89.7 68.8 
170 0.2 Pd  I /~igh 23 79.6 60.6 

11 30 0.2 ] P d  I H i g h  [ 130 83,0 50.4 
12 b 30 0.2 [ P d  I H i g h  [ 22 77.8 57.2 

: 133_ 170 0,2 I Pt I High I 36 v4.2 53.4 
0 r i g i n a I  methyl l inoleate ............................................................. 69.5 0,0 

Composi t ion of dicarboxylie acids o b t a i n e d  o n  
o x i d a t i o n  of acyl groups,  tool. v~ 

C~ C7 Cs C, Cxo Cn  C~ C~3 C,~ 

4.7 8.6 6.9 15.8 20.2 14,8 14.6 9.4 5.0 
5.6 7.9 10.8 12.0 19.0 14.6 12.9 11.0 6.1 
8.2 9.5 10.5 10.6 26.3 11.2 9.7 10.6 3.4 
5.5 7.4 8.9 13.2 24.6 14.1 9.7 10.2 6.4 
5.6 9.0 11.4 15.2 24.9 12.6 8.7 6.1 6,5 
4.9 9.6 10.6 15.2 20.4 13.4 13.5 7.4 5.1 
6.6 9.7 10.6 18.9 14.3 7.6 10,6 17.1 4.6 
0 . 0  3.4 6.9 29.4 14 . t  15.5 23.9 3.6 3.4 
4.3 6.4 11.4 15.0 21.6 18.8 12.2 6.9 3.4 
5.0 8.8 10.2 14.3 20.4 16.2 11.8 7.9 5.5 
0.0 3.5 8.3 25.0 17.6 17.6 21.0 4.1 2,8 
0.0 3.4 8.8 24.0 19.5 16.8 19.4 5.1 3.0 
3.7 6.9 11.5 15.0 16.6 17.6 14.4 9.0 5.4 

4.7 95.3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

a Nickel poisoned wi th  sulfur .  
A 25-ml. solut ion of methyl l inoleate and ethanol, 1 : 1  by wt., was hydrogena ted  Catalyst  concentra t ion was calculated on a methyl l inoleate basis.  

pass lines. The rate of gas flow, measured by a ro- 
tometer,  ensured good mixing of the oil and catalyst  
under  all conditions. The amount  of hydrogen ab- 
sorbed was measured by  the loss of volume in a small 
gas holder. 

In  a typical  run  25 g. of methyl  linoleate and the 
desired amount  of catalyst  were placed in the hydro-  
genation vessel. The entire system was flushed with 
hydrogen. Then the sample was heated to the operat-  
ing temperature ,  and the flow of gas was started. 
When  the predetermined amount  of gas had been re- 
moved f rom the holder, the flow of gas was s topped;  
the sample was cooled to about  room tempera tu re  and 
filtered to remove the catalyst.  Each sample was stored 
under  hydrogen in a re f r igera tor  unti l  analyzed. 

Methods of Analysis. The analytical  techniques 
employed to determine the positions of the double 
bonds have been described previously (5) and will be 
summarized only. A 2-g. port ion of each hydrogen- 
ated sample was refluxed for  1 hr. with a 10% ex- 
cess of alcoholic potassium hydroxide.  Then the 
ethanol was evaporated under  nitrogen, keeping the 
vo lum e  c o n s t a n t  by  the  a d d i t i o n  of wa t e r .  The  
ethanol-free soap solution was acidulated, the f a t t y  
acids were extracted with ethyl ether and washed 
with water, and the ether was removed. 

A 1-g. port ion of each f a t ty  acid sample was dis- 
solved in 35 nil. of ethyl acetate, cooled to - 5~  and 
ozonized, using 6-7% ozone m oxygen, unti l  the 
reaction was complete as judged by the effect of 
the spent gas on a potassium iodide solution. Then 
10 ml. of 30% hydrogen peroxide were added to the 
ozonides, the mix ture  was refluxed for 1 hr., and 
the solvent was removed by  evaporat ion under  nitro- 
gen. The residual mixture  of mono- and dibasic acids 
was dissolved in 100 ml. of a 5% ter t -amyl  alco- 
hol-in-chloroform solution, and 5-ml. portions were 
analyzed on each of two types of chromatographic  
columns, using modifications of techniques described 
by  Higuehi  et al. (8) and Corcoran (6).  

The percentages of C6 through Clo dibasic acids 
were determined with a column of silieic acid mixed 
with a citrate buffer (25 g. of acid plus 18.75 ml. of 
1 M citrate of p H  5.40). Percentages of Cll through 
C14 dibasic acids were determined by using a column 
of a special silicic acid mixed with a glycine buffer 
(25 g. of acid plus 16.5 ml. of 2 M glyeine of p H  
8.50). Both columns were eluted with chloroform and 
solutions of butanol  in chloroform as indicated in the 
typical  t i t ra t ion curves shown in Figures  1 and 2. 

The volume of each of the several eluants used was 
100 ml. except tha t  the volume of the last eluant in 
each series was 200 ml. 

Iodine values and linoleate contents were deter- 
mined by using the methods of the American Oil 
Chemists '  Society (3). 

Trans  isomers were determined by  a modification 
(7) of the in f ra red  spectrophotometric  method of 
Swern et al. (10). 

R e s u l t s  a n d  D i s c u s s i o n  

General Considerations. Subsequent to the labora- 
tory  work on the prepara t ion  of the methyl  linoleate 
it  was found (5) that  even the mild conditions of 
saponification mentioned above cause some shif t ing 
of the double bonds of linoleic acid. Appa ren t l y  the 
double bonds in both the 9 and 12 positions are in- 
volved. The small percentages of double bonds found 
in other than the 9 position (Table I )  are believed to 
have been formed by a shif t  dur ing  saponification 
of the safflower oil. In  analyzing the methyl  linoleate 
for  the positions of the double bonds, the customary 
order of first saponifying and then ozonizing was 
reversed so as not to cause a shift  of positions dur ing 
the actual  analysis. This precaut ion was found un- 
necessary with half -hydrogenated methyl  linoleate. 

Tests conducted in the course of a related investi- 
gation (5) indicated that  the conditions of ozonization 
employed did not produce a detectable shift  in the 
double bonds of linoleie, oleie, and iso-oleic acids. 
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FIG. 1. Titration curve, citrate column, for mixture of mono-  
and  dibasic acids derived from end-product of Run 9. 
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FIG. 2. Titration curve, glycine column, for mixture of mono- 
and dibasic acids derived from end-product of Run 9. 

An effort was made in each of the hydrogenat ion 
runs  to reduce the iodine value to about 80. At  this 
level pract ical ly all of the ]inoleate had disappeared,  
which was confirmed by actual measurements,  and the 
hydrogenat ion of the monoenes had just  begun. In  all 
except two instances the iodine values recorded in 
Table I are within 3 units of 80 and most are within 
1 unit. In  one instance the iodine value of the hydro- 
genated product  was 89.7. This product  contained 
3.5% linoleate. 

Each hydrogenat ion was essentially a zero-order 
reaction, that  is, the decrease in iodine value was 
direct ly proport ional  to the reaction time. However  
the factors responsible for  this reaction order varied. 
In  some runs  it was determined by the rate of solu- 
tion of hydrogen in the oil while in others react ivi ty  
of the catalyst  or the t empera ture  was the controlling 
factor. 

Concerning the mole percentages of the different 
dibasic acids produced on oxidizing the double bonds, 
each determined value is estimated to be accurate to 
within 2 or 3 percentage units. In  calculating the 
mole percentages, the t i t rat ions for each peak (Fig-  
ures 1 and 2) were corrected by snbstract ing the blank 
ti tration. The t i t rat ions between peaks were disre- 
garded. The total  acidity found by this procedure 
was near ly  always about equal to the total  acidity of 
the mixed f a t t y  and dibasic acids put  on the column. 
On e]uting a column, the f a t ty  acids always emerged 
first and formed the first peak on the t i t ra t ion curve. 
The full  height of the f a t t y  acid peak is not shown 
in either F igure  1 or 2. 

Temperature Effects. Within  the usual range of 
tempera tures  (140-200~ used in the commercial hy- 
drogenation of oils, the general effect of vary ing  the 
t empera ture  has been well established. Increasing the 
t empera ture  increases the selectivity, that  is, it in- 
creases the tendency of the linoleie acid group to 
hydrogenate  in preference to the oleie acid group. 
Also increasing the t empera ture  increases the rate of 
format ion of trans isomers. In the current  investiga- 
tion most of the data on tempera ture  effect obtained 
with the nickel catalyst  (Runs 1, 2, 7, and 8, Table I )  
and the data  obtained with the pal ladium catalyst  
(Runs 10 and 11, Table I)  conform with the obser- 

ra t ion  regarding trans isomers. Selectivity data were, 
of course, not obtained. 

The pa t te rn  of distr ibution of the double bonds in 
the samples hydrogenated at 170 and 200~ Runs 1 
and 2, respectively, is obviously quite similar when 
represented graphically,  F igure  3. The concentration 
of the double bonds is greatest  at the 10 position and 
decreases more or less un i formly  as the distance f rom 
this position increases. The pa t te rn  indicates that  
a large amount  of positional isomerization occurred 
dur ing Runs 1 and 2, which conforms with the pat- 
tern  found on t h e  half-reduction of the linoleic acid 
group in cottonseed oil with the same catalyst  (5). 

When the t empera ture  of the hydrogenat ions with 
the nickel catalysts was reduced to 140 and ]10~ 
Runs 7 and 8, respectively, substant ial ly different 
pa t terns  emerged, F igure  3. In  both of these the 

35 

30 

I I I I I I I 

2 5  

~ 2 0  A, 

I0 ,:-..%,~" , ~ ~-~Q,~ 

12 
I I 1 I I I I 

0 7 B 9 I0 II 12 13 14 
POSITION OF DOUBLE BONDS 

FIG. 3. Distribution of double bonds at different hydrogena- 
tion temperatures: 110~ 8; 140~ 7; 170~ 1; and 200~ 
2. Curve numbers refer to run numbers in Table I. 

greatest  concentration of the double bonds was found 
in the 9 position. In  the run  at 110~ more than  
50% of the residual double bonds apparen t ly  were in 
their  original positions. I t  is not known at this time 
why the hydrogenat ion at 140~ shifted a relat ively 
large proport ion of double bonds to the 13 position. 
Neither  of the products  obtained at 140 and 110~ 
contained unhydrogenated  methyl  linoleate. 

The tempera ture  effect on the shift  of double bonds 
when pal ladium was used as a catalyst,  Runs l0 and 
11, Table I, was similar  to that  observed with nickel 
but  not as great.  Decreasing the t empera ture  of the 
reduction with pal ladium by  140 ~ produced less of an 
increase of double bonds in the 9 position than did a 
decrease of 60 ~ in the t empera tu re  of the reduction 
with nickel  

On the basis of the data  obtained it should be 
possible to devise a hydrogenat ion with the nickel 
catalyst  such that  pract ical ly no shift  in double bonds 
and no format ion of trans isomers occurs. However  
this possibility has not yet  been investigated because 
of a lack of suitable equipment.  

Catalyst Concentration. The effect of the concen- 
t ra t ion of nickel catalyst  on the distribution of double 
bonds (Runs 1, 3, and 6) is shown in F igure  4. The 
distr ibution pat terns  for  these three runs  are quite 
s imilar ;  the only noteworthy difference is a somewhat 
higher concentration of double bonds at the 10 posi-  
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Fro. 4. Distr ibut ion of double bonds at different eoneentra- 
t i o n s  of  n i cke l  c a t a l y s t :  0 .1%,  6;  0 .2%,  1 ;  a n d  0 .4%,  3. Curve  
n u m b e r s  r e f e r  to r u n  n u m b e r s  in  T a b l e  I .  

tion for the run  with the highest amount  of nickel. 
In  each instance the highest concentration of double 
bonds was found at the 10 position; and the concen- 
t ra t ion decreased as the distance f rom the 10 position 
increased, producing a more or less symmetr ical  dis- 
t r ibut ion curve. 

The hydrogenat ions represented in F igure  4 were 
zero-order reactions probably  because the over-all rate  
was limited by  the rate of solution of hydrogen in the 
methyl  esters. The over-all rate  did increase with an 
increase in catalyst  concentration, and, as might  be 
expected, an increase in catalyst  concentration in- 
creased the proport ion of trans isomers. 

Hydrogen Dispersion. Ordinar i ly  in the hydrogen- 
ation reaction the formation of trans isomers increases 
as the rate  of dispersion of hydrogen in the liquid 
phase decreases. While this t rend holds for Runs 1 
and 4, the increase in trans isomers found on de- 
creasing the rate  of hydrogen dispersion was very 
small. The distr ibution pa t te rns  for the double bonds, 
F igure  5, also are similar except that  the ?oneentra- 
tion of double bonds at the 10 position was somewhat 
greater  for  the hydrogenat ion carried out at the lower 
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Fro.  5. D i s t r i b u t i o n  of  doub le  b o n d s  a t  d i f f e r e n t  r a t e s  of  
h y d r o g e n  d i s p e r s i o n :  h i g h  r a t e ,  1;  low r a t e ,  4 ;  a n d  low r a t e  
p l u s  a n  i n c r e a s e  in  t e m p e r a t u r e  a n d  c a t a l y s t  c o n c e n t r a t i o n ,  5. 
Curve  n u m b e r s  r e f e r  to r u n  n u m b e r s  in  T a b l e  I .  

rate  of hydrogen dispersion. A probable explanation 
of the similari ty of distr ibution pa t te rns  is that  in 
both hydrogenat ions the rate of solution of hydrogen 
in the methyl  esters was the rate-sett ing factor  and 
that,  in effect, the concentration of hydrogen in the 
methyl  esters was relat ively low and pract ical ly  equal 
for both hydrogenations. 

In  one hydrogenation,  Run 5, an a t tempt  was made 
to accentuate the effect of a low rate  of hydrogen 
dispersion by simultaneously increasing the catalyst  
concentration and the temperature .  When  compared 
with Run 4, it increased the content of trans isomers 
slightly but  left  the pa t t e rn  of double bond distribu- 
tion pract ical ly unchanged. 

In  Run  12 the rate of hydrogen dispersion was 
increased over that  in Run 11 by  car ry ing  out the 
hydrogenat ion in an ethanol solution. The total  
volume of liquid phase and other operat ing condi- 
tions were the same in both runs. The use of ethanol 
increased the hydrogenat ion rate  about six-fold but  
had little effect on the amount  of trans isomers and 
even less effeet on the distr ibution of the double 
bonds. I t  must  be recognized, of course, that  the 
ethanol may  have increased the rate of reaction by 
doing more than  merely  faci l i tat ing the t ransfer  of 
hydrogen into the liquid phase. 

Type of Catalyst. Pal ladium is inherent ly  a more 
active catalyst  than  is plat inum, which in tu rn  is 
more active than  is nickel. Twigg and Rideal  (12) 
have correlated these relative activities with the lat- 
tice distances of the three metals. Using known 
atomic distances and the te t rahedral  angle 109 ~ 28% 
it was shown tha t  - C  = C -  could be ehemisorbed 
without  deformation when the lattice distance for  
the metal  was 2.73 A. The distances for  palladium, 
plat inum, and nickel are 2.74, 2.76, and 2.47 •, 
respectively. 

I t  is general ly recognized that  pal ladium and plati- 
num are not as selective as is nickel. Presumably  ill 
hydrogenat ions with nickel the proport ion of de- 
sorptions of catalyst-hydrogen-double bond complexes 
without reduction of the double bond is relatively 
large. In  other words, a nickel catalyst  might  be 
expected to produce more isomers than would either 
a pal ladium or p la t inum catalyst. 

The data in Table I (Runs 1, 9, 10, and 13) and 
Figure  6 do not bear out this expectation. The pal- 
ladium and p la t inum catalysts produced fa r  greater  
proport ions of trans isomers than  did the nickel cata- 
lyst. The pal ladium catalyst  produced near ly  as great  
a port ion of trans isomers as did the nickel catalyst  
poisoned with sulfur.  All four  types of catalyst,  
when used under  identical operat ing conditions, pro- 
duced hydrogenated methyl  esters in Which the posi- 
tional distr ibution of double bonds was remarkably  
alike. 

A possible explanation of this s imilar i ty  is the great  
difference in the observed hydrogenat ion rates. Fo r  
example, the rate for pal ladium was about 10 times 
that  for  the sulfur-poisoned nickel. These differences 
in rate  might  have influenced significantly the con- 
centration of hydrogen in the liquid phase and thereby 
influeneed the selectivity. Thus the fas ter  hydrogena-  
tions would have been carried out under  more selec- 
tive conditions. However  the remarkable  similari ty 
in the distr ibution pat terns  of the double bonds found 
in the four  hydrogenat ions suggests that  other factors 
are also involved. 
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I~zG. 6. Distribution of double bonds produced by different 

hydrogenation catalysts: nickel, 1 ; sulfur-poisoned nickel, 9 ; 
palladium, 10; and lolatinum, 13. Curve numbers refer to run 
numbers in Table I. 

Summary 
Methyl linoleate was hydrogenated to an iodine 

value of about 80 under  various operat ing conditions. 
The temperature ,  rate  of hydrogen dispersion, cata- 
lyst  concentration, and type  of catalyst  were varied. 
The several hydrogenat ion products  were analyzed 
for  content of trans isomers and the positions of the 
residual double bonds. 

The pa t t e rn  of distr ibution of the double bonds was 
similar in most of the hydrogenations.  The greatest  
concentration of double bonds was found in the 10 
position, and the concentrations in the other positions 
decreased as the distance f rom the 10 position in- 
creased. The distr ibution curve tended to be sym- 
metrical,  that  is, approximate ly  the same number  of 
double bonds was found on each side of the 10 posi- 
tion. Operat ing conditions which normal ly  tend to 

increase selectivity and the format ion of trans isomers 
also tended to increase the concentration of double 
bonds at the 10 position. 

Great ly  lowering the t empera tu re  of hydrogena-  
tion produced a different pa t t e rn  of distr ibution of 
the double bonds. With  nickel catalyst  at  110~ the 
greatest  concentrations of residual double bonds were 
found at the 9 and 12 positions. More than  50% of 
the total  double bonds were in these positions. 

The several hydrogenat ion catalysts (nickel, sul- 
fur-poisoned nickel, plat inum, and pal ladium) pro- 
duced the same pa t t e rn  of distr ibution of double 
bonds when used under  identical conditions. Also the 
p la t inum and pa l lad ium produced much higher pro- 
portions of trans isomers than  did the nickel. 
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Evaluating Refined Cottonseed Oils in Storage 
LEWIS A. B A U M A N N ,  Market Organization and Costs Branch, Agricultural Marketing Service, 
U. S. Department of Agriculture, Washington, D. C. 

T 
HIS PROJECT is of value to the vegetable oils indus- 
t r y  and to the Government  in any  marke t ing  
operat ion involving the storage of large quan- 

tities of fats  and oils, par t icu lar ly  cottonseed oil. 
I t  can indicate economies in the type and grade of 
oil best suited for  storage and in the methods used 
as to size and condition of tanks and their  location. 
Improvements  can be indicated in the management  of 
t ank  f a r m  operations and of fats  and oils inventories. 

I n d u s t r y  ra re ly  stores oil for  its own use beyond the 
season's requirements  in view of the lack of knowl- 
edge as to possible deterioration. Dur ing  the ear ly 
1950% however the Government  stored cottonseed oil 
up to two years. Experience with these stocks showed 
deterioration, with a corresponding decrease in mar-  

z Presented  a t  annua l  meeting, American Oil Chemists'  Society, ~[em- 
phis, Tenn.,  Apri l  22, 1958. 

ket value when stored in commercial field tanks avail- 
able at that  time. 

I f  oils can be stored for  longer periods than is now 
pract iced in indus t ry  without  change of quali ty or 
value, a more orderly and efficient market ing  opera- 
tion would be possible. Fu r the rmore  a bet ter  knowl- 
edge as to the storage of oils will contr ibute much t o  
the product ion of oils of bet ter  qual i ty and value. 

Lit t le  informat ion on the subject is available f rom 
industry,  and the judgment  of the members  of indus- 
t ry  does not agree well on the basis of problems which 
have been presented. This has required tha t  a con- 
trolled storage experiment  be set up to obtain the 
data needed to arr ive at the economic considerations 
involved. 

The cost and impract icabi l i ty  of using commercial  
field tanks for  the work suggested the use of 50-55 


