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This rise is not significant with SP2 and DX2, and 
thus the assumption made earlier in the calculations 
that  all dienes present in these fractions are com- 
pletely estimated by the ultraviolet absorption method 
is valid. With the the fract ion DX3 the rise is not 
serious, and the total isomerizab]e dicne (sum of 
cis,cis and cis,trans), about 2.9%, agrees admirably 
with the total diene calculated from iodine value 
about 2.9% (Table [) ,  fu r the r  support ing the as- 
sumption made under calculations that all dienes 
present are estimated by the ultraviolet absorption 
method. In  interpret ing the results with SP~, the 
fact that  it was not reerystallized must be borne in 
mind. I f  the trans,trans 9,12-isomer was present, it 
must have appeared in either of 0rose fractions ((tryst 
- -50 or cryst --70~ bcause of its higher melting 
point 28 ~ (l 1). The almost constant k28., value, even 
af ter  4-5 hrs. of isomerization with these fractions, 
shows that  this isomer, even if present, is negligible. 
With SP~ and DX~ the increase in the values is 
considerable, revealing the presence of isomerizable 
geometric isomers of linolcic acid. With a synthetic 
mixture  of linoleic and linolelaidic (trans 9, trans 
12) acids Jackson et al. (11) noted that  the val- 
ues inereased even af ter  150 min. of isomerization 
and became steady beyond 4.5 hrs. In our s tudy we 
note that, with SP,  and DX~, the values at the end 
of 150 rain. and 4.5 hrs. are about the same. There- 
fore it is concluded that no trans,trans isomer is pres- 
ent and the only conjugatable isomer present is of 
the cis,trans or trans,cis type. The contents of cis,cis 
and cis,trans diene were calculated on this basis. I t  
is noted that  the vahles for linoleic acid by this cal- 
culation are higher than that  by the tetrabromide 
method. From the empirical nature  of the k..s: mt~ 
values for the cis,trans isomers of linoleic acid, as 
pointed out by Jackson et al. (11), this is about the 
best agreement that  can be expected. However, for 
the content of linoleie acid, the tetrabromide method 
is the one to be relied upon as this is a direct esti- 
mation. A comparison of the proportions of total 
trans ( S P 4 -  42.9%, D X ~ -  43.8) and that  of cis, trans 
( S P , - 1 8 . 0 ,  D X , - 2 2 . 4 )  shows t ha t  cons ide rab le  
amounts (24.9, 21.4) of isolated cis, trans dienes are 
present. Placing reliance on the tetrabromide method 
for estimation of linoleic acid, it can be concluded 
that for all practical purposes these isomers, 9,12 
cis, trans or trans,cis and isolated cis,trans a r e  pres- 
ent in about equal amounts. 

Summary 
A scheme is described to separate the fa t ty  acids 

of shortenings and margarines into four  fractions, 
the final filtrate of which contains most of the poly- 
unsaturated acids. The nature  of the unsaturated 
acids in these fractions is discussed. I t  is observed 
that  these fats contain 25-40% of trans monoethenoic 
acids and 2-8% of linoleic acid and considerable pro- 
portions of both 9,12-cis,trans or trans,cis and iso- 
lated cis,trans isomers of linolcic acid. 
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Refining Cottonseed Oil at High Rates of Shear I 
R. O. FEUGE, E. J. VICKNAIR, and N. V. LOVEGREN, Southern Regiona} 
Research Laboratory, 2 New Orleans, Louisiana 

A 
bARGE PERCENTAGE o f  the cottonseed oil being 
produced does not readily refine and bleach to 
the light color demanded in present-day short- 

ening and other edible oil products. Any one or sev- 
eral of a number of factors may be responsible for a 
given oil having an unsatisfactory color af ter  proc- 
essing. Adverse environmental  conditions during the 
growing of the cottonseed nlay result in inunature or 

x P r e s e n t e d  at the 28th fall meeting of the American Oil Chemists'  
Society, Minneapolis, Minn., Oct. 11-13,  1954. 

One of the  laborator ies  of the Smlthern Utilization Research Branch,  
Agr icul tura l  Research Service, U. S. Depar tment  of Agricul ture .  

damaged seed being harvested. Prolonged storage or 
storage at a relatively high temperature  or storage of 
seed having a high moisture content may be responsi- 
ble. Final ly  the conditions under  which an oil is ex- 
tracted from the seed and stored may have an ad- 
verse effect on the case with which color bodies can 
be subsequently removed. I t  is certain that  cotton- 
seed oils which are difficult to process to a light color 
by standard methods will continue to be produced. 

I t  has been demonstrated that  re-refining, the ac- 
cepted method of treating off-color cottonseed oils, 
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Oil 
No. 

1 
2 
3 b .................... 
4b .e  
5 b .................. 
6 . . . . . . . . . . . . . . . . . . . .  

7 

8 b . . . . . . . . . . . . . . . . . . . . . . . . .  
9 b 

10 . . . . . . . . . . . .  

Free  fatty 
acids, % 

1.4 
1.1 
6.1 
5.3 
0.8 
1.3 
5.2 
8.3 
1.6 
5.2 

Ordinary refining 

Color, Lov ibond  red units 

Refined Bleached 

24.5 8.4 
5.5 1.2 

23.4 13.1 
12.2 ~.1 d 

7.4 2.3 d 
5.6 1 . 6  

32.0 26.0 
19.9 10.2 

9.6 4.7 d 
10.9 3.9 

Ref in ing  
loss, % 

6.2 
5.7 

17.3 
18.4 

7.4 
4.4 

12.6 
22.8 

9.9 
12.1 

High-shear  refining 

Color, Lov ibond  red units 

Refined Bleached 

14.8 5.6 
5.4 1,2 

15.5 9.2 
11.5 3.5 d 

5.7 1.3 d 
5.2 1.3 
9.5 3.3 

17.4 7.5 
7.8 3.2 d 

10.3 3.5 

Refining 
loss, % 

6.7 
5.2 

20.4 
26.9 

6.1 
4.8 

14.7 
24.2 
10.8 
16.1 l 

a Unless  o therwise  noted, all samples were refined wi th  20~ caustic soda solut ion in  amoun t  sufficient to neutra l ize  free fatty acids and 
supply  0 .5% of excess caustic soda; high-shear agitation, when employed, was  for  15 min.  at 1,720 r.p.m. All colors were de te rmined  in  the 
presence of ~35 Lovibond  yellow units; and the refined oils were bleached according to A.O.C.S. method. 

b S t r eng th  of caustic soda solution was 26~ for these oils. 
e Subjected to high-shear agitation for  10 rain. 
d Bleached wi th  6% of neutral, activated clay. 

can be made more effective through the use of high- 
shear agitation (3).  Also the use of high-shear agi- 
tation during the wash with caustic soda in the con- 
t inuous soda ash process of refining results in a 
finished oil of much lighter color (2). The term 
"h igh-shear , "  as used here, means the eff• mix- 
ing of the oil and caustic soda solution accompanied 
by a violent shearing of the elements of the mixture. 
These actions are induced by an impeller revolving 
in a well-baffled vessel and at a rate far  above that  
used in ordinary  refining. In  the earlier work on re- 
refining at high shear some of the mixing and shear- 
ing ~as  suƒ to increase the temperature  of the 
mixture  at a rate of 0.8 Centigrade degree per 
minute. 

In re-refining cottonseed oil it was believed that  the 
use of high shear made it possible to bring the acidic 
color bodies in the oil into intimate contact with the 
aqueous solution of caustic soda before the alkalinity 
of the lat ter  was reduced through reaction with the 
oil. 

Because once-refined oil contains practically no 
surface-active agents or free f a t ty  acids which can 
readily be converted into soaps, high shear appar-  
ently was a substitute for emulsifiers and was found 
to be quite effective in reducing the amount of color 
bodies in the oil. 

I t  might be expected tha t  the use of high shear 
would be of no advantage in the refining of crude 
cottonseed oil. When a solution of caustic soda is 
mixed with the crude oil, a fine water-in-oil emulsion 
forms immediately;  very  little agitation is required. 
Violent agitation of such an emulsion might promote 
the saponification of neutral  oil and t h e  occlusion of 
excessive amounts of neutral  oil in the aqueous phase. 
However, on the basis of experimental  work, the in- 
dicated possibilities were shown to be unsupported in 
fact (4).  The present article will show that  the use 
of high shear is desirable in the refining of crude 
cottonseed oil with caustic soda. 

Procedure and Materials 

The refining tests involving high shear were car- 
ried out, insofar  as possible, according to the A.O.C.S. 
cup method for hydraulic-pressed cottonseed oil (1),  
except that  changes were made in the amounts and 
strengths of the caustic soda solutions which were 
used and that  mixing at a high rate  of shear for  vari- 
ous lengths of time was substituted for the s tandard 
15 min. of mixing at 250 r.p.m. The mixing at high 

shear was carried out in the stainless steel appara tus  
previously described (3) in connection with the high- 
shear re-refining of cottonseed oil. The impeller of 
the type used to reduce and disperse solids in slurries 
was used in all of the tests. 

For  purposes of comparison refining tests were 
made as described above except that  the s tandard 15 
rain. of mixing at 250 r.p.m, was used instead of 
mixing at high shear. 

The refined oils were bleached according to the 
official A.O.C.S. method for cottonseed oil, except 
that  in several instances the amount and type of clay 
used was changed. 

The crude oils used in the experiments were sam- 
ples obtained from several mills and refineries in the 
South and Southwest. The history of the samples 
generally was not known. I t  is believed however that  
the oils in nearly every instance were either of t h e  
screw-pressed or hydraulic-pressed type. 

Results and Discussions 

The refining losses and colors obtained when the 
various crude oils were refined with and without the 
use of high-shear agitation are recorded in Table I. 

F rom the data recorded in the table it is evident 
that  in every case the use of high shear resulted in 
the refined oil having a Lovibond color lower than 
that  obtained without the use of high shear. In  most 
instances the improvement was slight, but  in several 
Of these marked improvement could hardly  be ex- 
pected. When the Lovibond red color of a refined 
cottonseed oil is reduced below about 9 units by ordi- 
na ry  refining, not much can be done to improve t h e  
removal of color by changes in the refining technique; 
and generally such oils present no color problem. On 
the other hand, oils which ordinar i ly  refine to a red 
color appreciably greater  than 9 units  do present a 
color problem. Apparen t ly  a good proport ion of these 
lat ter  oils respond to a marked extent to high-shear 
refining. Of the six oils (Nos. 1, 3, 4, 7, 8, and 10) 
having a red color of 10 units o r  higher af ter  ordi- 
na ry  refining, three (Nos. 1, 3, and 7) improved to a 
marked extent when high shear was  employed. 

The improvement in the color of refined oils 
through the use of high shear is still evident in the 
oils af ter  bleaching, according to the da t a  in Table I. 
Even an oil like No. 5, which refines by the ordinary  
method to a low and entirely acceptable color, has a 
significantly better  bleach color when high-shear agi- 
tation is used in place of ordinary  agitation in the 
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T A B L E  I~ 

Effect of Opera t ing  Var iables  on Color of Oil Obtained on High -Shea r  Ref in ing  Crude Oil No. 1 �9 

VOL. 33 

Color, S t r eng th  Color, Excess Color, Time at  
Temperature ,  Lovibond of caustic, Lov ibond  caustic,  Lov ibond  h igh  Color, High-shear  Color, Lov ibond  agi ta t ion,  l m v i h o n d  

eC. red u n i t s  ~ red  u n i t s  % red u n i t s  shear,  red u n i t s  r.p.m, red u n i t s  
rain. 

20 10.7 8 > 32 0.1 > 32 2.5 15.1 370 20.6 
40 12.8 14 > 3 2  0.3 22.0 10.0 15.1 650 14.2 
50 15.1 20 15.1 0.5 15.1 30.0 14.7 1720 15.1 
65 17.7 26 11.6 0.9 12.5 50.0 13.7 2940 12.6 

5100 13.7 " 
30 11.3 

a All colors were de termined in the presence of 35 Lovibond  yellow uni ts .  Unless  otherwise noted, all ref in ings  were carr ied out  u s ing  20~ 
lye in an amoun t  to provide  an excess of 0 .5% of solid caustic soda, and  high-shear  agi ta t ion  at  1,720 r.p.m, was employed for 10 rain. a t  room 
tempera ture .  

refining process. Such a substi tut ion results in lower- 
ing the bleach color f rom 2.3 to 1.3 Lovibond red 
units. 

The substi tution of high-shear agitat ion for ordi- 
n a r y  agitat ion general ly increases the refining loss 
though these increases are mostly moderate.  In  two 
instances there was an actual  decrease in refining 
loss. I t  is possible that  the increases shown were 
caused by  air  being t r apped  in the soapstock in the 
course of the high-shear refining, thereby making it 
difficult to separate  cleanly the soapstock f rom the 
oil. There may  not be any  difference in losses when 
the two procedures are carr ied out in suitable equip- 
ment  on a plant  scale. 

To establish the effect o f  the operat ing variables 
on the color of  the refined oils obtained by the high- 
shear method, a number  of experimental  tests were 
made. Typical  results obtained with one of the oils 
(No. 1) are recorded in Table I I .  

I t  is evident f rom the table tha t  the amount  of 
color in the refined oil decreased as the t empera tu re  
decreased and the s t rength and amount  of the caustic 
soda solution increased. Ord ina ry  changes in the 
magni tude of each of these variables produced rela- 
t ively large differences in the color. Increas ing the 
time at high shear definitely lowered the color of the 
refined oil but  by amounts so small that  prolonged 
agi tat ion probably  would not be justified. 

The effect of degree or rate of high shear agitat ion 
appears  to be somewhat erratic,  which may  be at tr ib-  
uted in pa r t  to the fact  that  this variable is complex 
and cannot be clearly defined in terms of revolutions 
per minute. However  it p robably  can be concluded 
that  increasing the rate  of shear improves the color 
of the refined oil unt i l  a rate  is reached beyond which 
fu r the r  increases are without  effect. 

There is an apparen  t discrepancy in Table II .  Ac- 
cording to the data on the effect of tempera ture ,  a 
refining at room tempera ture  (about 26~ would 
have produced a refined oil having a red color of 
about 11 Lovibond units, which is somewhat lower 
than  that  indicated for  comparable conditions in the 
remainder  of the table. The only explanat ion that  
can be made is that  the effect of t empera tu re  was de- 
termined at a different t ime and by a different 
operator.  

To  obtain an indication of the type of color bodies 
most affected by high-shear refining, spectra were ob- 
tained in the near  ul traviolet  and visible regions 
(300-700 m/~) for  Oil No. 3 and the several processed 
oils derived f rom it and represented in Table I. The 
spectral  measurements  were made in iso-octane solu- 
tions, using a Cory recording speetrophotometer.  A b -  
sorbtivities were calculated f rom t h e  data  and  were 
used to establish the relative quantit ies of four  types 

of color bodies found in cottonseed oil. In  establish- 
ing these quantities, it was assumed that  in the re- 
gion of max imum absorpt ion for  each type of color 
body the amount  of absorption of the other color 
bodies present  was negligible. The relative quanti- 
ties which were established are recorded in Table I I I .  

T A B L E  I I I  

- R e l a t i v e  Quant i t i es  of Color Bodies in  Crude Oil No. 3 
af ter  Process ing  a 

Oil 

Crude .................................. 
Ordinary refined ................. 
Ordinary refined and  

bleached .......................... 
High-shear  refined .............. 
N igh-shear  refined and 

bleached .......................... 

Content  of color bodies h 

Gossypol- Carote- Gossy- Pheo- 
l ike noid p u r p u r i n  phy t in  

(400 m/t) (450 mte) (560 m/L) (670 m/t) 

lO0 lOO 100 lOO 
lO 14 6 18 

8 15 9 16 
4 7 8 13 

5 12 3 6 

a Processed samples are those .represented in Table I .  
b A s s u m i n g  the amoun t  in  the o r ig ina l  crude oil to be 100. 

From the values given in the table there is an indi- 
cation that  high-shear refining is more effective than  
ord inary  refining in el iminating gossypol-like color 
bodies and yellow, nonacidic earotenoids while this is 
not ent irely t rue for gossypurpur in  and pheophytin.  
These results appea r  to be consistent because similar 
ones were obtained with Oil No. 8. However  the dif- 
ferences are so small and the color system in cotton- 
seed oils is so complex tha t  at the present  t ime no 
detailed explanations can be given for  the differences 
observed. 

Summary 
Ten crude cottonseed oils obtained f rom different 

areas in the South and Southwest were refined with 
and without  the use of high-shear agi tat ion in the 
step involving the initial mixing of the crude oil and 
caustic soda solution. I n  each instanee the use of 
high shear produced a lower color in the  refined oil. 
The improvement  with some oils was not marked be- 
cause they either refined very  well by the ord inary  
method or failed for  some unexplained reason to re- 
spond readi ly  to high-shear mixingl ~' However  a good 
propor t ion of the oils which were quite dark  af ter  
refining by the ord inary  method refined to a much 
lighter oil when high shear was used. 

I t  was established that  in high shear refining the 
eolor of the refined oil deereased as the t empera tu re  
at which high shear was used decreased, the time at  
high shear increased, and the rate at which shear was 
applied increased. However  an increase in the la t ter  
above a certain value had no effect. Also it was found 
that  the color of the refined oil decreased as the 
amount  and s t rength of the caustic soda solution 
increased. 
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Absorption spectra of some of the processed oils 
indicated that high shear was more effective than 
ordinary mixing in removing from an oil the gassy- 
pal-like and carotenoid color bodies. 
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The Kinetics of the Hydrogenation of Pure Fatty Esters. 
I. Mono-Olefinic Systems: Methyl Oleate 
FRANZ A. VANDENHEUVEL, Fisheries Research Board of Canada, 
Technological Station, Halifax, N. S., Canada 

A 
RECENT PAPER by Swicklik et al. (11) has pre- 
sentcd, along with their own interesting contri- 

-button, a survey of the literature concerning the 
kinetics of fat ty oil hydrogenation. The considerable 
confusion which existed in this field of research prior 
to ]941 was complicated, as tbey pointed out, by un- 
satisfactory data. As evidenced by the more recent 
publications on the subject, this state of affairs is 
being corrected gradually by studying the hydrogen- 
ation of simple, pure unsaturated compounds, car- 
ried out under well-controlled conditions, thus allow- 
ing the basic features of the problem to emerge. A 
further step would be to make use of tile fact that the 
reactions involved are taking place on the surface of 
a catalyst and, as such, arc governed by the laws of 
adsorption. These should be involved in any attempt 
at setting up rate equations. 

The present series deseribes work accomplished 
with simple alkyl esters under conditions designed 
to suppress complicating side reactions and to permit 
a(~eurate measurement of the rate of hydrogen ab- 
sorption. Absorption rate data obtained in this way 
reflect the simple kinetics involved in the reaction. 

The present article discusses data obtained on 
hydrogenating methyl oleate. Their implications are 
basic in interpreting the more complicated systems 
described in the following articles of this series. 

Experimental 
REAGENTS 

Methyl oleate was obtained from olive oil thro!igh 
methanolysis, fractional molecular distillation of the 
crude esters, several fractional crystallizations from 
acetone, and a final fractional distillation, using the 
Podbielniak semi-automatic microanalyzer. The prod- 
uct showed the following analysis: 

hydrogen value, 0.680 (13); required, 0.680. 
refractive index at 20~ !~4515; reported, 
1.4515 (7). 

Spectrophotometric analyses (before and after alkali- 
isomerization) detected no conjugated or polyun~tu- 
rated impurities. 

Stored under nitrogen ii~ sealed ampoules kept in 
the refrigerator, the ester was transferred to hypo- 
dermic syringes for weighing according to a tech- 
nique already described (14). 

Ethyl alcohol was obtained by refluxing under 
nitrogen 95% fermentation alcohol over caustic soda 

for several hours and fractionally distilling the prod- 
uct under nitrogen. The water content was 5%; 
transmittance ag~/inst distilled water was 60% at 
220 rag. 

Dib~ltyl-ether was obtained by careful fractional 
distillation over sodium of Eastman Kodak (white 
label) product. Found: B.P. 142.5~ under 760 ram. ; 
reported, 142.4~ (12). 
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~(~ .  1, l t y d r o g e n a t i o n  ]{a te  Curves .  
('urwe [: Methyl oleate in 95% ethyl alcohol wit.h Raney nickel show- 

ing first order relationship. 
Curve I I:  Same sy~teln as for Curve I but with larger amounts of 

both methyl oleate and Raney nickel resulting in zeco order kinetics 
(AB) during the early stages. 

(?urvo I I I :  Methyl oleate in 95% ethyl alcohol with a idatinum 
catalyst. 

Curve IV:  Methyl oleate in dibutyl ether with a platinum e~tulyst. 
Rela~d coordinates for the v.arious curves are indicated by the 

arrows. 


