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In  an effort to ver i fy  that  absorption at 1.46 and 
2.07 ~ is proport ional  to peroxide content, a s tudy  of 
the thermal  decomposition of methyl  oleate hydro-  
peroxide was made. A sample of methyl  oleate hy- 
droperoxide, P. V. = 5,110, was divided in eight por- 
tions and sealed in vacuum ampoules. The ampoules 
were placed in a flask of water,  which was allowed 
to boil under  reflux. A t  appropriate intervals  am- 
poules were removed, the peroxide values were deter- 
mined, and the near- inf rared  spectra were measured. 
The effect of thermal decomposition upon the spectral  
absorption is shown in F igure  4. The extinction at 
2.07 and 1.46 /~ diminished l inearly with the decrease 
in iodimetrie peroxide value. However  hydroxy  sub- 
stances (1.42 ~) increased as the peroxides were 
decomposed. 
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:Fro. 5. A u t o x i d a t i o n  o f  m e t h y l  l i n o l e a t e  a t  r o o m  t e m p e r a t u r e .  

When a sample of methyl  linoleate was allowed to 
oxidize in air, the extinction at 1.46 and 2.07 /~ in- 
creased in parallel  fashion (Figure  5). Hydroxy l  
absorption (1.42/~) likewise increased as the peroxide 
value increased. When max imum peroxide value was 
attained, discontinuities in the curves for  absorption 
at 1.42, 1.46, and 2.07 /~ were observed. Thereaf ter ,  
as iodometric peroxide values decreased slowly, hy- 
droperoxide absorption at 1.46 and 2.07 ~ decreased 
slowly whereas hydroxyl  absorption at 1.42 /~ in- 
creased, indicat ing peroxide decomposition. 

The detection ancl measurement  of hydroperoxides  
by their  absorption at 2.82 /~ is possible by use of 
conventional inf rared  spectrophotometers,  but  reso- 
lution by  rock salt pr isms in that  region is poor, 
making it difficult to differentiate between the hydro- 
peroxide max imum at 2.82 ~ and the hydroxyl  maxi- 

m u m  at  2.77 ~. Some advantage may  be gained by 
the use of a quar tz  prism, but  the region of 2.7-2.9 
is the location of absorption max ima  of aldehydes, 
ketones, acids, and esters as well as hydroxyls  and 
hydroperoxides.  Fo r  this reason the present  s tudy  
centered on the maxima at 1.46 and 2.07 ~, which are 
sufficiently removed f rom other absorption ~naxima 
to make interference least likely. In  these two se- 
lected regions the resolution of the quartz pr i sm is 
sufficient to distinguish the neighboring O-H and 
OO-H absorptions. A disadvantage is tha t  these max- 
ima are not expressions of the fundamenta l  modes of 
vibration. The max imum at 2.07/~ is probably  a com- 
bination absorption and that  at 1.46 ~ is a harmonic 
of the fundamenta l  mode a t  2.82 ~. Consequently 
these absorptions are of low intensity, and they must  
therefore be measured in high concentrations or in 
long cells. The solutions used in measurements  re- 
ported here var ied between 3 and 10% in carbon 
tetrachloride. The measurement  of most of the spec- 
t ra  required 100 to 200 rag. of sample. This can be 
a l imit ing factor  in chemical studies. In  the present  
investigation hydroperoxides  could not be detected by 
spectra unti l  the peroxide value was about  500 meq. /  
kg. Detection of lower concentrations is possible with 
cells of longer l ight path. 

S u m m a r y  

Near- inf rared  spectra have been measured on a 
group of hydroperoxides  of f a t t y  acid esters and 
related substances. Only those substances having an 
- O O H  group were found to absorb a~ 1.46 and  2.07 
/~. Dialkyl peroxides and ozonized unsa tura ted  sub- 
stances had no such maxima in their  near  in f ra red  
spectra  al though they had high iodometric peroxide 
values. In  a s tudy of the thermal  decomposition of 
methyl  oleate hydroperoxide and a s tudy of the 
autoxidation of methyl  linoleate, the intensi ty of 
absorpt ion at 1.46 and 2.07 ~ paral leled the iodomet- 
rie peroxide value. 
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The Bleaching of Soybean Oil. A Spectrophotometric 
Evaluation 
M. R. ARMSTRONG, James Millikin University, ~ and C. E. IRELAND, 
A. E. Staley Manufacturing Company, Decatur, Illinois 

T 
H E  Q U A N T I T A T I V E  STUDY o f  bleaching agents a n d /  
or methods requires information on the amount 
of coloring mat te r  in the initial and par t ia l ly  

deco]orized oil. Since the eye is an in tegra t ing  organ, 
similar color responses can be caused by different 

1 Now ~-ith E. I. du Pon t  de Nemours Comp~.ny Inc.,  Kinston,  N. C. 

compositions of pigmentation.  Lovibond glasses nn- 
merate  what  the eye sees and hence are not suited 
for  determining the amounts of the different pig- 
meats. Spectrophotonletric evaluation was chosen be- 
cause of the intrinsic suitabil i ty of this method and 
the availabil i ty of good instruments.  
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During the past 11 years nine papers have been 
published in this journal  (or in Oil and Soap),  in 
which the bleaching of soybean oil has been dis- 
cussed (1, 2, 4, 5, 7, 8, 9, 10, 111. Seven of these 
papers contained speetrophotometri  c data  while the 
other two papers (1, 7) expressed the results in the 
Lovibond color system. In four  of the papers (1, 4, 
9, 11) adsorption isotherms were used in comparing 
the deeoIorizing agents, and all except one (1) de- 
termined the eolor spectrophotometrieally. Two of 
these papers (4, 9) presented isotherms for  the ad- 
sorption of the green pigment. 

In  the present work the efficacy of the deeolorizing 
agents is based on the reduction of the absorbances 
( - l o g  T /To )  at 455 millimicrons and 665 millimierons 
(or at the position of the maximum),  respectively. 
For  soybean oil the former wavelength is the position 
of the largest of the absorption maxima for the ca- 
rotenoids, the yeltow pigments, and the latter wave- 
length is the position of the largest of the absorption 
maxima for pheophytin-A, the green pigment (see 
reference 8 for the spectra of pheophytin and chloro- 
phyll) .  The reddish color of some soybean oil may 
be due to the strong end-absorption of the earotenoids, 
which extends into the green portion of the ~dsible 
spectrum. The degradation of pheophytin-A may also 
contribute to this reddish color. 

(NC),  an activated carbon manufac tured  by the In- 
dustrial Chemical Sales Division of the West Vir- 
ginia Pulp and Paper  Company. Dicalite 4200, a 
filter aid manufactured  by the Dicalite Division of 
the Great Lakes Carbon Corporation. Cyclohexane, 
Eastman or Phillips Spectro Grade. 

Results and Discussion 

Data for Typical Oils. Table I lists the absorb- 
anees ( - l o g  T / T o )  for several alkali-refined oils 
( " N " )  and the acetic anhydr ide  water  degmmned 
oils ( " 5 0 "  oil) (U. S. Pat.  2,754,309). I t  is seen that  
the median absorbance of the "50"  oil at  670 milli- 
microns in a 10-centimeter cell would be 2.7 although 
the actual measurement was 0.278, using a one-centi- 
meter cell. These results are typical  for the oils used 
in this study. 

T A B L E  I 

Absorbances of Unbleaehed Oils X 1,000 

,,~,, ,,502 

Yellow Green Y e l l o w _  _ Green 

(1 ram.) (10  era.) (1 ram.) (10 era.) 
No. samples .......................... 4 I .... I 14 ] .... 
Median  ................................ i 1095 I 2095 ] 1335 [ 2780 
Highes t  ................................ 1150 } 2340 i 1380 3320 
Lowest  ................................. 930 1830 1280 2280 

Experimental Procedure 
Bleaching Procedure. A two-liter,  three-necked 

flask equipped with thernlometer and st irrer  was 
used to hold the kilogram sample of soybean oil. 
The sample was heated to 170~ as rapidly as pos- 
sible (465-watt Glascol hemispherical heating mantle, 
voltage regulator set at 110 volts), the decolorizing 
agent added, the pre.,snre reduced to less than one 
inch of mercury,  and the tinter started. At an oil 
temperature of 208~ the voltage regulator was set 
at 26-28 volts, and the temperature  became constant 
at 220~ Thi r ty  minutes (for most of the samples) 
af ter  adding the deeoh)rizing agent, the vacuum was 
released and 25 g. of filter aid were added, followed 
by filtration with suction. This will be referred to as 
regular bleaehing. 

Pressure Bleaching. This was done under  nitrogen 
with the P a r r  Pressnre Apparatus  (Series 4500). 
The filter aid was added with the der.olorizing agent 
and filtration made directly fronl the pressure cham- 
ber or af ter  bleaching' the pressure was reduced, then 
the oil was poured into a beaker containing the filter 
aid, followed by filtration with suction. 

Measurement of Absorbance. All measurements 
were nlade on undiluted oil versus cyclohexane with 
a Beckman Model DU spectrophotometer. Ten-, five-, 
and one-centimeter cells were used. Two-way quartz 
inserts were employed with the one-centimeter cells 
for obtaining one- or three-millimeter paths for  sam- 
ples having absorbances greater than one. 

Materials. Special Fi l t rol  (designated as F ) ,  an 
activated clay absorbent manufac tured  by  the Fil trol  
Corporation. Neutral  Ea r th  (NE) ,  a natural  clay 
prepared by Bennett-Clark, as an official natural  
bleaching earth for the A.O.C.S. Acid Clay (AC),  a 
s~)ecial bentonite clay manufac tured  by the Magnet 
Cove Bar ium Corporation. Darco S-31 (D),  an acti- 
vated carbon manufaetured  by the Chemicals Divi- 
sion of the Atlas Powder Company. Nuehar C E E N  

Effects of Time a~4 Temperature. In  order to 
determine the sensitivity of laboratory bleaching to 
time and temperature,  two decolorizing agents were 
used at the 1.2% level on "50"  oil samples. The 
results given in Table II  indicate that  good contact 
was not established until  af ter  about 20 rain. Thi r ty  
minutes were chosen as a satisfactory time since 
good dispersal of the deeolorizing agent {s assured, 
and more than 95% of the color is removed. Al- 
though the highest temperature  used was the most 
effective from a color removal standpoint, 220~ 
was chosen as being more typical of plant practice. 

T A B L E  I[ 

Effect of Time and Temperature .  
At)sorhanc(~s of Yellow ~n(1 Green P igmen t s  (X 1,0001 

A.e~:ivated Clay (F )  Na tu ra l  Clay (NE)  

(125~  

(220~  

(265~  

Time . . . . . . . . . . . . .  
4550 6550 

, (1 era.) , (10  era.) 
10 rain. 2880 650 
20 2730 514 
40 1860 334 

1 0 m i n .  1180 163 
20 1180 134 
40 796 114 

10 min.  566 125 
20 471 1.14 
40 356 081 

4550 6550 

(1 era.) (10  cm. )  
7220 1110 
7070 1080 
6460 940 

4490 546 
3670 526 
3580 475 

2520 456 
2360 454 
1970 454 

The Isv.therms. The Freundl ieh equation was used 
in the form: 

log [ ( A o -  Ax) /g]  = log K + N log Ax, where 
Ao = absorbance of original oil, 
Ax = absorbance of oil af ter  bleaching, 
g = grams of decolorizing agent used for one 

kilogram of oil, and 
K, N = constants. 

A plot of ( A o - A x ) / g  against Ax on logarithmic 
paper results in a stra.ight line (at least for some 
range of Ao -- Ax). In  the case of the yellow pigment 
the absorbanee is expressed for a one-millimeter path 
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and for the green pigment  the absorbance is ex- 
pressed for a 10-centimeter path, and all values are 
multiplied by 1,000. The decolorizing action toward 
the green pigment  in "50"  oil for  the bleaching agents 
is shown in F igure  1. Est imated best lines were 
drawn through the experimental ly  determined values 
without extrapolation. The number  of experimen- 
ta l ly  determined points ranged f rom 10 to 40 for  
each deeolorizing agent  used. 
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F~G. 1. Adsorpt ion isotherms for  the removal  of green pig- 
nlent f rom " 5 0  'J oil by regular  bleaching. 

AC = Acid Clay, a special bentonite clay. 
D = Dareo S-31 brand activated carbon. 
:F = Special Fil trol  b rand  activated clay. 
:NC = Nuchar  CEEN brand  activated carbon. 
N E  = Neut ra l  Ea r th  b rand  na tura l  clay. 

In  this and the following four  figures the abscissae are pro- 
portional to the amount  of color in the oil a f te r  bleaching, and 
the ordinates are proport ional  to the amount  of color removed 
by 1 g. of deeolorizing agent.  

In  the case of na tura l  clay (NE)  it was evident 
that  a single isotherm could not represent  all the 
data, and two separate best lines were drawn as 
shown. F r o m  Figure  1 it  can be calculated tha t  to 
bleach a " 5 0 "  oil having an initial absorbance of 
2.2 (at  655 millimicrons or at position of max imum)  
to a final value of 0.070 (for a 10-centimeter path)  
would require 1.4% of act ivated clay (F)  or 2.4% 
of na tura l  clay (NE) .  

Figure  2 shows the results for  the removal  of 
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:Fro. 2. Adsorpt ion  isotherms for  the removal of yellow pig- 
ment  f rom " 5 0 '  �9 oil by regular  bleaching. 

yellow pigment  f rom the same " 5 0  ~' oil. I t  is now 
seen that  the act ivated carbons are relat ively ~nore 
effective toward the green pigment  than toward the 
yellow. A comparison of the special bentonite d a y  
(AC) with na tu ra l  clay (NE)  shows a reversal  of 
their  relative effectiveness for the two kinds of 
pigments. These differences in the action of the de- 
colorizing agents  c a n  be determined most easily by 
speetrophotometric  measurements  at the two wave- 
lengths used in this work. 

I t  is generally known that  the deodorization of an 
unbleached soybean oil results in a product  with a 
nmst unacceptable greenish color. Table I I I  contains 
speetrophotometrie data  for  a typical  case. Because 
of the relat ively high heat  s tabil i ty of the green pig- 
ment the emphasis in bleaching should be on the 
removal of this pigment.  This emphasis was followed 
in the labora tory  work. 

TABLE III 
Effect of Deodorization. Absorbanees of "50" Oil X 1,000 

Yellow Green 

Before ......................................... (lmm.)13300 
After ............................................ ~ 123 
Percentage of decrease ................ / 99 

(10 cm.) 
2200 
1800 

18 

The Effect of Pressure. Figure  3 shows the results 
for bleaching under  Pressure .  Curve (F)  of F igure  
1 is shown for  comparison. I t  is seen tha t  bleaching 
under  pressure followed by filtering under  pressure 
is an aid to color removal  (compare curves A and B) .  
This result  is consistent with the fact  tha t  p lant  
bleaching is more efficient than laboratory  bleaching. 
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:FIG. 3. Adsorpt ion isotherms for  the removal of green pig- 
merit f r o m  " 5 0 "  oil by pressure bleaching. Curve (C) is the 
sa.me as F in :Figure 1. 

Comparison of " N "  with " 5 0 "  Oil. Two different 
batches of " N "  oil were bleached with act ivated clay 
(F)  with amounts  vary ing  f rom 0.4% to 1.8% (in 
steps of 0.1% and /o r  0 .2%).  In  plot t ing the data  
it became appa ren t  that  t h e s c a t t e r  of points indi- 
cated separate  isotherms for  the two batches. Such 
was not the case for  different batches of "50"  oil. 
These results are shown in F igures  4 and 5. F rom 
the la t ter  it is seen that  the  yellow pigments  were 
removed more easily f rom " N "  than  f rom "50"  oil. 
The different isotherms for  the " N "  oils p robab ly  
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oils  b y  r e g u l a r  b l e a c h i n g .  

indicates the difficulty in maintaining optimum con- 
trol  in the alkali refining of soybean oils. 

Plant  Bleached Oils. The median absorbances for 
14 " 5 0 "  oils and 12 plant-bleached " 5 0 "  oils (using 
Special Fi l t rol  brand activated clay) were used to 
calculate one point, through which a line was drawn 
parallel to the isotherm for  laboratory bleached " 5 0 "  
oil as shown in Figure  4. Using this estimated iso- 
therm, a bleaching chart was prepared as shown in 
Figure  6. I t  follows f rom the Freundl ich equation 
that  the slopes of these lines should vary  inversely as 
the equilibrium color (A:) ,  and this is seen to be the 
case. Knowing the absorbance (10-era. cell) of the 
green pigment in a " 5 0 "  oil entering a bleaching 
vessel (for  example, Ao = 2800) and supposing that  
a bleached oil of 100 units (=A~) is required, it fol- 
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FIG. 6. B l e a c h i n g  c h a r t  f o r  t he  r e m o v a l  of  g r e e n  p i g m e n t  
f r o m  " 5 0 "  oil. P l a n t  b l e a c h i n g  u s i n g  S p e c i a l  F i l t r o l  b r a n d  
a c t i v a t e d  c lay .  

lows from the chart  that  a 0.85% bleach, using acti- 
vated clay (F ) ,  would be necessary. 

Summary 
Bleaching results are evaluated spectrophotomet- 

rieally by measuring the change in the absorbanees 
at 455 and 670 (or 665) millimicrons, respectively. 
Three bleaching clays (one was activated) and two 
activated carbons were used for  deeolorizing soybean 
oils made break-free by either alkali refining or 
acetic anhydride water degumming. Bleaching times 
varied from 10 to 40 rain. with 30 min. being used 
in the evaluations. Although bleaching at a temper- 
ature of 265~ removed more color than bleaching 
at 125 ~ or 220~ the lat ter  temperature  was used in 
this study. Most of the bleaching was done under  
vacuum although using a nitrogen pressure of 50 
p.s.i.g, removed more color. Results are expressed by 
Freundl ich isotherms, and a bleaching chart for  the 
control of plan t bleaching is given. I t  is shown that  
in the bleaching of soybean oil p r imary  consideration 
should be given to the removal of green pigment. 
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Solubilization--A Micellar Phenomenon 
JAY C. HARRIS; Monsanto Chemical Company, Research Department, Dayton, Ohio 

~ UNUSUAL PHENOMENON associated with dilute 
surfactant  solutions is their ability, in a micel- 
lar  state, actually to solubilize water-insoluble 

substances. MeBain (48) defined solubilizatiou as 
the spontaneous passage of molecules of a substance 

insoluble in water  into a dilute aqueous solution 
of a surfactant  to form a thermodynamical ly stable 
solution. 

Micelles, as regular  aggregations of molecules, ap- 
pear  in aqueous and nonaqueous media. The present 


