
Oxidation Effects in Adsorption Bleaching of Vegetable Oils 
R. R. KING and F. W. WHARTON, Technical Division, Mrs. Tucker's Foods inc., Sherman, Texas 

ABSTRACT 
In  bleaching f a t ty  oils an equi l ibr ium exists be- 

tween two reactions faw)rable and two unfavorable  
in respect to color reduction. Adsorpt ion of color 
and oxidative decrease in color are favorable.  Oxi- 
dative increase in color and oxidative stabilization 
against  adsorption are unfavorable.  Adsorbents  arc 
shown to catalyze these oxidative reactions. 

Under any comparat)le set of conditions signifi- 
cant ly  lower colors result when bleaching is carr ied 
out under  vacuum or in an inert  atmosphere.  Mul- 
tiple stage bleaching under  atmospheric  conditions 
shows no advantage because of the adverse oxida- 
tive effect but  may  be advantageous under  vacuum 
conditions. 

Low pl I  earths respond bet ter  than high p l I  earths 
to vacuum bleaching with respect to improved color 
removal and oil stabili ty.  

T I l E  t)leaehing of vegetable oils with adsorbent  
materials  is not merely a ma t t e r  of adsorption. 
Oxidation and possibly other chemical reactions 

play an impor tan t  part .  I t  is the purpose of this 
paper  to show the effect of oxidation on bleaching 
results and to compare atmospheric bleaching with 
vacuum bleaching using labora tory  batch methods. 
[n the lat ter  procedure  oxidation is largely avoided. 

Published data per ta in ing  to the effect of oxidation 
on color changes in vegetable oils are ra ther  limited. 
Bailey (1) states that  oxidation has a b l e a c h i n g  
effect on the carotenoid pigments  but  that  it tends 
to develop the color of certain other pigments  and in 
some cases produces colored compounds of a qllinoid 
na ture  f rom the f a t t y  acids or glycerides of the oil. 
l i e  also states that  the heating of unbleached oils to 
a high tempera ture  may  cause their  color to become 
set, af ter  which they cannot be bleached. Golumbic 
(2) found that  the increase in oil color af ter  pro- 
longed aeration at high t empera tu re  was due, in a 
large extent at least, to the format ion of 5-6 quinones 
f rom relatively light colored precursors.  Odeen and 
Slossou (3) observed in bleaching sardine oil under  
atmospheric conditions with act ivated clay that  best 
results were obtained by  contacting the oil and clay 
for  only five minutes before filtration, l I igher  colors 
resulted when the contact t ime was increased. They 
also observed tha t  be t ter  decolorization takes place if 
the clay is added in a single dose r a the r  than incre- 
ments  and that  mult iple stage bleaching, under  at- 
mospheric conditions, is less effective than single stage 
bleaching. They a t t r ibu ted  these phenomena to oxi- 
dation or polymerizat ion or a combination of the 
two. Robertson, Munsberg, and Gudheim (4) found, 
in heating refined soybean oil for  various periods of 
t ime at bleaching tempera tnrc  before the adsorbent  
mater ial  was added, that  the color of the bleached oil 
increased in propor t ion to the heat ing time. They 
refer  to this as the " h e a t  darkening effect"  and do 
not propose a theory to explain it. l lowever,  they 
conclude tha t  the pre-addition of the adsorbent  does 
,lot, s tr ict ly speaking, improve color but  inhibits the 
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('fleet of heat  on bleachabil i ty  of the oil, which ap- 
pa ren t ly  infers  heat-stabilization of color against  ad- 
sorption. ]Iassler  and l I agbe rg  (5) found tha t  tile 
peroxide number  of f reshly bleached oils is not neccs- 
sari ly indicative of the s tabi l i ty  of the bleached oil. 
They suggested as a possible reason for  this tha t  some 
adsorbents are nmre selective than others in remov- 
ing antioxidants and ()tilers are more selective ill 
removing the products of oxidation. 

Laboratory Proced~res. Labora to ry  bleaches were 
made in one-liter, three-neck flasks, usiug a mechani- 
cal st irrer.  A short piece of glass tubing inserted in 
a rubber  s topper  was used as a bear ing for  the shaf t  
of the s t i r rer  and in vacuum bleaching the gap be- 
tween the shaft  and bearing was sealed with heavy 
walled rubbe r  tubing lubricated with glycerine. Pre- 
l iminary experiments  indicated that  opt imum results 
under  vacuum are obtained by evacuat ing the flask 
containing the s lur ry  of earth and clay for  five 
minutes at room tempera tu re  with agitation, before 
heating. This procedure was used throughout  this 
work unless otherwise uoted. Apparent ly ,  pract ical ly 
all of the oxygen that  can be removed f rom the oil- 
adsorbent  s lur ry  at low tempera ture  under  these 
conditions is removed in the first five minutes of 
evacuation. All oxygen is not removed f rom the sys- 
tem in this way even a f te r  prolonged t reatment ,  as 
addit ional  gases are evolved af ter  the s lur ry  is heated. 
Although the op t imum bleaching t empera tu re  varies 
with different types  of adsorbents,  all comparisons 
were made at a single t empera tu re  of 120 ~ C. corre- 
sponding to that  specified in the A.O.C.S. open cup 
method of bleaching. Contact time at bleaching tem- 
pera ture  was five minutes, and the mixture  was cooled 
as rap id ly  as possible in a coht water  ba th  to 60 ~ C. 
before vacuum bleached oil was exposed to the air  
or open bleached oil was filtered. In  vacuum bleach- 
ing the pressure was mainta ined at 2 m.m. or less 
except dur ing  the heating-up period when it rose to 
a max imnm of 10 m.m. due to the evolution of gases. 

Effect of Pressure on Color Reduction. Since pre- 
l iminary tests indicatc(l that  most bleaching clays are 
substant ia l ly  more effective in vacuum than  in at- 
mospheric bleaching, tests were made to determine 
whether  the beneficial effect of vacuum bleaching is 
due solely to the prevent ion of oxidation or whether  
the fac tor  of pressure is involved. 

In order  to determine the effect of pressure on color 
reduction as differentiated f rom the effect of exclud- 
ing oxygen, samples of rcfined cottonseed oil were 
bleached with lg :  of activated (;lay under the follow- 
ing conditions : 

]. Exposed to the air  under  normal atmosI)heric 
conditions. 

2. At  pressure of 1 m.m. Hg. 
3. At  pressure below 10 m.m. mercury  while water  

vapor  was constant ly introduced beneath the 
surface of the slurry.  

4. Where  the oil-clay mixture  was evacuated and 
nitrogen used to break the vacuum, the oil being 
then bleached under  an atmosphere of ni trogen 
at  a tmospheric  pressure.  
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5. Where  procedure (4) was followed except tha t  
ni t rogen was introduced vigorously below the oil 
surface dur ing the contact period, and at atmos- 
pheric pressure .  

These results, recorded in Table I, show no appre-  
ciable difference in bleached oil color using any  of 
the procedures  in which oxygen was excluded and 
show ra ther  conclusively that  the beneficial effect of 
vacuum bleaching is due to elimination of oxidation 
only. 

TABLE I 

l 

Treatment  P ressure 

O r i g i n a { O ~ s  .................. I ..:_2~ 
l .  Atmospheric Bleaching ............ Atm. 

. Vacuum Bleaching .................. I 1 m.m. I tg.  
Vacuum Water  Stripping ........ 10 m.m. t tg.  

4: Nitrogen Blanketed ................. Atm. 
5. Nitrogen Stripped ..................... Arm. 

Afmosphere 

Air 
~v'acuum 
Steam 
N,., 
Nz 

Lovibond 
Color 

50V-7.5tr 
35u 
35Y-2.7R 
35Y-2.51l 
35Y-2.7R 
35Y-2.7R 

Effect of Oxidation in Ge~leral on Color. I t  can be 
s ta ted in general that  the color of vegetable oil is 
quite unstable  and that  the effect of oxidation on 
color depends on the nature  of the pigments  present.  
The color of some oils, such as pa lm oil, which con- 
ta in  a relat ively high concentrat ion of carotene in 
respect  to other pigments,  is substant ia l ly  improved 
by  oxidation. I t  has been our experience that  refined 
cottonseed and soybean oils may  init ially increase or 
decrease in color dur ing early stages of oxidation or 
beat  t r ea tment  depending on the quali ty of the oil. 
0 i l  refined f rom good quali ty new-crop crude usually 
decreases, whereas that  refined f rom old-crop crude 
often increases in color at bleaching temperature .  
These two types of oil will hereaf te r  be refer red  to 
as the non-rever t ing and rever t ing  types. Data  ob- 
ta ined in the labora tory  on representat ive samples 
of each type of oil, showing original Lovibond color 
and  color af ter  heating the oil for  five minutes at 
120 ~ C. under  atmosplieric conditions witll mecllan- 
ical agitation, are given in Table I I .  

TABLE II  

{ 
Kind of Oil i Type of Oil Original Color 

Ref. SBO -!'--N . . . .  ever t ing- -  7(,Y-9..tR 
Ref. CSO ! Non-reverting I 35Y-7.0R 

I 
Ref. SBO i Reverting ] 50Y-8.6tr 
Ref. CSO ,. Reverting I '35Y-6.4R 

Color A f t e r  
l lea t ing 5 .~Iin. 

at  120 ~ (3. 

50Y-8.6R 
35Y-6.0R 

70Y-9.6R 
35Y-7.1Ir 

In  order  t o  determine the effect of oxidation on 
color increase samples of refined cottonseed and soy- 
bean oils of the rever t ing type were st i rred at  100 ~ , 
120 ~ and 130 ~ C. for  various intervals of t ime ex- 
posed to the a tmosphere and also at pressure of 1-5 
m.m. of mercury.  In  both procedures the oil was 
rap id ly  cooled to 50 ~ C. a f te r  the heat ing period and 
in the lat ter  procedure before the oil was exposed 
to the atmosphere.  Increase in Lovibond red color 
versus heat ing time is plot ted in F igure  1. These 
results indicate that  oxidation has grea ter  effect on 
color reversion than  tempera ture .  In  fact, it is highly 
probable  that  the reversion tha t  occurred in the oils 
heated under  vacuum was due to oxidation since some 
oxygen was obviously present  under  this condition. 

Spectrophotometr ic  data  showing per  cent t rans-  
mit tance of these oils before and a f t e r  beat ing for  

25 minutes at 120 ~ C. are plotted in F igu re  2. I t  can 
be seen f rom these curves that  reversion occurs more 
or less throughout  the spectrum ra ther  than in a 
definite region. 

?_o 

a: . _ \50" 5 ~  

| I1.  SBO-ATM.- OO'G.. 

I II1/,*"- CSO-ATM. -IO0~ 

i 
- -  o 5 i0 15 20 25 

HEATING T IME IN MINUTES 
FIe,. 1. ][eating time vs. increase in Lovibond color of 

revertible oils. 

i t  would t ie expected f rom these results that  lower 
bleached oil colors would be obtained, at least on 
revert ible oils, by  bleaching at reduced pressure or 
in an atmosphere of an inert  gas. Since it is more 
convenient and more practical  to bleach at reduced 
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WAVELENGTH (M. M.) 
F l a .  2. Color  r e v e r s i o n  of  re f ined  c o t t o n s e e d  oils a n d  s o y b e a n  

oils a t  120 ~ C. 
(Revertible type oils.) 

pressure than in an atmosphere of an inert  gas, tlle 
former  procedure was followed. 

Catalytic Effect of Adsorbe,nt on Color Increa~se. 
I t  is reasonable to assume that  if oxidation alone was 
the sole cause of the color intensity changes in exist- 
ing pigments,  the increase in color of a revertible oil 
heated without  adsorbent  mater ial  under  bleaching 
conditions should represent  the max imum improve- 
ment  in color that  could result  f rom vacuum bleach- 
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ing provided the adsorbent  mater ial  does not have a 
catalytic effect on oxidation. In  order to answer this 
question, two reverIiblc type refined soybean oils 
were studied. Lovibond colors of the unt rea ted  and 
heat- treated portions before and a f t e r  atmospheric 
and vacuum bleaching at 120 ~ C. with 2% of an 
act ivated clay are given in Table I I [ .  

TABLE I I I  

! Lovibond Color 

Oil Trea tment  hea ted  I Heated 

- - : :  ~ , 5  ~ in .  -70Y-82 ] Iours  
Control ................................................................ i ',HY-9.4Z'~ . 6 B  
I - f e a t - T r e a t e d  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  , 7 0 u  7 0 Y - 9 . 2  i~ 
C 0 n t r o l - A t m o s p h e r i c  B l e a c h e d  . . . . . . . . . . . . . . . . . . . . . . . . . . .  : 3 5 Y - 5 . 0 R  3 5 Y - 3 . 4 1 ~  
Control-Vacuum Bleached .................................. I 35V-2.9R 20Y-2.0R, 
]rent-Treated-Atmospheric Bleached .................. I 35Y-5.0tr 35Y-4.SB 
}][eat-Treated-Vacuu m Bleached ......................... 35Y-2.9R. 25Y-3.0P~ 

Effect of Oxidation on Stability Against Adsorp- 
tion. As previously shown, par t ia l  oxidation causes 
the  color to increase in some oils. and decrease in 
others. I f  vacuum bleaching shows improvement  over 
atmospheric bleaching of oil of the lat ter  type, then 
oxidation must  stabilize color against  adsorption and 
ttle stabilizing effect must  be greater  than  the over- 
all effect of other oxidative changes in color. Vacuum 
bleaching has been found  to be decidedly effective 
both on revert ible and non-revert ible  types of oil. 

Typical  curves showing Lovibond red color versus 
concentration of na tura l  and act ivated clay used in 
atmospheric and vacuum blcaching of non-revert ible 
refined cottonseed and soybean oils are plotted in 
Figures  4 and 5. Similar  data  for  revert ible oils are 
plotted in F igures  6 and 7. The relative efficiency of 
each type of clay can be determined at various levels 

One of these oils, with 9.4 rcd color, increased only 
0.2 dur ing the l ive-minute  heating period yet  tile 
vacuum bleached oil was 2.1 units lower in color than 
the atmospheric bleached oil. The other oil, with 8.6 
red color, increased 0.6 dur iug tile two-hour heating 
period yet  the vacuum bleached oil was 1.4 units 
lower in color than the atmospheric bleached oil. 
Af te r  pre-heal ing for two hours, the vacuum bleached 
oil was lower in color than the original oil atmos- 
pheric bleached. These data indicate lha t  the adsorb- 
ent had a powerful  catalytic effect on oxidation of 
color. Spectrophotometr ic  curves of the samples with 
colors given in the second column of Table I I I  are 
plot ted in F igure  3. Here,  again, it is shown tha t  the 
oxidative effect on color occurs more or less through- 
out the spectrum. 
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]~m. 3. Spectral transmittance of reverted and non-reverted 

oil, atmospheric and vacuum bleached. 

These results may  appear  to be at  var iance with 
those of previous investigators who found tha t  lower 
colors are obtained in bleaching if the adsorbent  is 
added to the oil before heating. However,  if oxida- 
tion tends to render  certain pigments  less susceptible 
to adsorption, it follows tha t  adsorbent  added to cool 
oil might  advantageously  adsorb easily oxidized pig- 
ments before they could be stabilized against  adsorp- 
tion through oxidation dur ing subsequent heating. 
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FIG. 4. Y a c u u m  vs.  a t m o s p h e r i c  b l e a c h i n g  of  n o n - r e v e r t i b l e  

c o t t o n s e e d  oil. 
1. Natural  clay used in atmospheric bleaching. 
2. Natural clay used in vacuum bleaching. 
3. Activated clay used in atmospheric bleaching. 
4. Activated clay used in vacuum bleaching. 
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Fro. 5. Vacuum vs. atmospheric bleaching of non-revertible 

soybean oil. 
1. Activated clay (A) used in atmospheric bleaching. 
2. Activated clay (A) used in vacuum bleaching. 
3. Activated clay (B) used in atmospheric bleaching. 
4. Activated clay (B) used in vacuum bleaching. 
5. Natural  clay used in atmospheric bleaching. 
6. Natural  clay used in vacuum bleaching. 
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Fro. 6. Vacuum vs. atmospheric bleaching of revertible cot- 
tonseed oil. 

1. Na tu ra l  clay used in atmospheric  bleaching. 
2. Natura l  clay used in vacuum bleaching. 
3. Activated clay used in a tmospheric  bleaching. 
4. Activated clay used in vacuum bleaching. 

of bleached oil color on these same four  oils f rom 
adsorption isotherms which are given in F igures  8, 
9, 10, and 11. 

Effect of Oxidation on Pigment Color Changes. As 
shown in F igures  8 and 9, points were considerably 
out of line for  some clays used in atmospheric bleach- 
ing of non-revert ible oils, bu t  data as a whole indi- 
cate that  the Freundl ich  equation holds fa i r ly  well 
in bleaching oils of this type. The direct effect of 
oxidation on color decrease of such oil has not been 

o 4- ~  - \  _ 
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FI(~. 7. Vacuum vs. atmospheric bleaching of revertible soy- 

b e a n  oil .  
1. Natura l  clay used in atmospheric  bleaching. 
2. Natura l  clay used in vacuum bleaching. 
3. Activated clay used in atmospheric  bleaching. 
4. Activated clay used in vacuum bleaching. 

investigated. However,  since the Freundl ich  equation 
seems to hold t rue it appears  that  t empera tu re  ra ther  
than oxidation may be responsible for  color decrease. 

I t  can be seen f rom Figures  10 and 11 tha t  the 
Freundl ich equation does not  hold t rue in bleach- 
ing revert ible oils, but  vacuum bleaching tends to 
straighten out the adsorpt ion isotherm. These data 
were obtained using a max inmm of 3% adsorbent  in 
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~ 'm.  8. A d s o r p t i o n  i s o t h e r m s  f o r  b l e a c h i n g  c l a y s  u s e d  iu  
a t m o s p h e r i c  vs.  v a c u u m  b l e a c h i n g  o f  n o n - r e v e r t i b l e  r e f i n e d  
c o t t o n s e e d  oil. 

(Celor is expressed in Lovibond red units)  

1. Natura l  clay used in atmnspheric  bleaching. 
2. Natura l  clay used in vacuum bleaching. 
3. Activaled ('lay used in atmospheric  bleaching. 
4. Ac5ivatcd clay used in vacuum bleaching. 
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FIO. 9. A d s o r p t i ( m  i s o t h e r m s  f o r  b l e a c h i n g  (, lays u s e d  ill 
�9 ~ t m o s p h e r i c  a n d  in  v a e u m n  b l e a c h i n g  o f  n o n - r e v e r t i b l e  s o y b e a n  
oil .  

(Color is expressed in Lcvibond red color.) 

1. Activated c lay (A) used in a tmospher ic  bleaching. 
2. Activated clay (A) used in v a c u u m  bleaching. 
3. Activated clay (B) used in atmospheric  hlesching. 
4. Activated clay (B)  used in vacuum bleaching. 
5. Natural  clay used in atmospheric hlcaching. 
6. Natura l  clay used in vacuum bleaching. 

tile bleach tests. Additional lcsts were made, using a 
max imum of 6% adsorbent  to obtain more points for  
the adsorption isotherm which is plot ted in F igure  
12 for  an act ivated clay used ill bleaching a revert ible 
refined soybean oil. Each of these curves shows an 
adsorption maxi innm at a definite bleached oil color. 
As previously shown, oxidation has a net effect of 
darkening the color of revert ible oils and adsorbent  
materials  have a decided catalytic effect oil oxidation. 
I t  is reasonable to expect tha t  the catalytic effect 
per  uni t  weight of adsorbent  will be greatest at low 
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Fro. 10. Adsorption isotherms for bleaching clays used in 
atmospheric and in vacumn bleaching of revertible cottonseed 
oil. 

(Color is expressed in Lovibond  red uni t s . )  

1. Na tu ra l  oIay used in a tmospher ic  bleaching,  
2 . . N a t u r a l  clay used in v a c u u m  bleaching,  
3. Act iva ted  clay used in a tmospher ic  bleaching.  
4. Activated clay used in vacuum bleaching. 
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FIo. 11. Adsorption isotherms for bleaching clays used in 
atmospheric and vacuum bleaching of revertible soybean oil  

(Color is expressed in Lovibond  red un i t s . )  

:1. Na tu ra l  clay used in a tmospher ic  bleaching.  
2. Na tura l  clay used in  vacuum bleaching,  
3. Ac t iva ted  clay used in a tmospher ic  bleaching.  
4. Act iva ted  clay used in  v a c u u m  bleaching.  

concentration of adsorbent  and that  at  any  adsorb- 
ent concentrat ion an equil ibrium exists between color 
formed through oxidation and color adsorbed. The 
shapes of the curves shown in F igures  10-12 indicate 
that  this is true.  The adsorpt ion isotherm for  an 
ideal non-revert ible oil with 10.0 Lovibond red color 
bleached with an adsorbent  which has a capaci ty  of 
1 red uni t  per  1% adsorbent,  2 red uni ts  per  2% 
adsorbent,  3 red uni ts  per  3% adsorbent,  etc., is des- 
ignated b y  the s t ra ight  line in F igure  13. I f  i t  is 
assumed tha t  this same oil, bleached with the same 
adsorbent,  init ially increases in color to 14.0 red due 
solely to oxidation and calculations for  plot t ing the 
isotherm are based on the assumption of an initial 

color of 10.0, then tile isotherm is designated by  the 
curve shown in F igu re  13 which is essentially of the 
same shape as those shown in F igures  10-12 for  re- 
vertible oils. Therefore,  i t  seems ra ther  certain tha t  
the Frcundl ich  equat ion does not hold t rue  in bleach- 
ing revert ible oils because of the product ion of pig- 
ments  through oxidation. If  there is a max imum or 
peak in the adsorpt ion curve, it can be assumed tha t  
pigments  have been produced and conversely if there 
is no peak, then pigments  have not been produced. 
However,  the presence or absence of a peak cannot 
be determined unless sufficient points are obtained at 
relat ively low concentrat ions of adsorbent.  

Counter Current or Multiple Stage Bleaching. ] f  
bleaching is s t r ic t ly  a mat te r  of adsorption, i t  is 
obvious f rom the Frcundl ich  equation tha t  be t ter  
results should be obtained in nmlt iple  stage or coun- 
ter  current  bleaching than  in single stage bleaching. 
As pointed out by  Odeen and Slosson, the reverse of 
this is t rue and the reason is no doubt  due to the 
effect of oxidation on color. I f  all oxidation could 
be elinlinated, then lower colors should be obtained 
with a mult iple  stage procedure.  A comparison was 
made between single and dual stage a t m o s p h e r i c  
versus vacuum bleaching of a revert ible soybean oil 
using an act ivated clay. A 2% clay was used in 
single stage, and  two increments  of 1% clay in dual 
stage bleaching. The oil was cooled to 60 ~ C. and 
filtered before the second increment  was added. Re- 
sults of these tests are given in Table IV. 

In  both open and vacuum procedures bet ter  results 
were obtained in single stage bleaching. However,  in 

TABLE IV 

Bleach P rocedu re  
.~ 
Control .................................................... 
Atmospheric  ............................................ 
Atmospher ic  ............................................ 
Atmospher ic  ............................................ 
V a c u u m  ................................................... 
V a c u u m  ................................................... 
~Jaeuum ................................................... 

% Clay Lovibond 
Used Color 

None 70Y-8.7R 
2 25Y-4.81% 
1 25Y-5.6R 

1 + 1  25Y-5.5R, 
2 20Y-2.91~ 
1 25Y-3.811 

1 + 1  20Y-3.1R 
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BLEACHED OIL COLOR 

FIG. 12. Adsorption isotherms for  activated clay used in at- 
mospheric vs. vacuum bleaching of revertible soybean oil. 

(Color is expressed in Lov ibond  red un i t s . )  
1. Atmospher ic  bleached. 
2. Vacuum bleached. 
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COLOR 
Pro .  13.  E f f e c t  t h a t  oi l  c o l o r  i n c r e a s e  in b l e a c h i n g  w o u l d  

h a v e  o n  the  s h a p e  o f  t h e  a d s o r p t i o n  i s o t h e r m ,  c a l c u l a t e d  oJ1 t h e  
b a s i s  o f  o r i g i n a l  oil  co lo r .  

vacuum bleaching the difference was very slight, and 
it is highly probable  tha t  if all oxygen had been 
eliminated, be t te r  results would have been obtained 
in dual stage bleaching. I t  was toward the end of 
the oil season when these tests were made and high 
quali ty non-revert ible oils were not available, and we 
do not have similar  data  on oils of this type. flow- 
ever, it seems likely that  mult iple  stage bleaching 
may be significantly advantageous on such oils. 

Variability of Response to Vacuum Bleaching. The 
extent of improvement  in bleached oil color due to 
vacuum bleaching depends upon the nature  of the 
oil, type, and concentrat ion of adsorbent  used. Cot- 
tonseed and soybean oils have been classified in two 
groups compris ing those oils which increase and those 
which decrease in color on mild oxidation. Actual ly  
the two groups overlap, and it would seem most un- 
likely that  oxidation wouhl have exactly the same 
effect on color of any  two oils f rom different sources. 
I t  would be expected that  grea ter  i m p r o v e m e n t  
shouht result  in vacuum bleaching of highly revert-  
ible oils because the direct effect of oxidation as well 
as the stabilizing effect on color is decidedly signifi- 
Cant, bu t  this has not been proved. We have tested 
a large number  of natural  and act ivated clays and 
act ivated carbons in vacuum versus a t m o s p h e r i c  
bleaching and the act ivated clays were found to show 
the greatest  response to vacuum bleaching. One of 
the natura l  clays and all of the act ivated carbons 
showed no significant improvement  due to vacnum 
bleaching. I t  is possible tha t  the reason some adsorb- 
ent mater ia ls  give poor response to vacuum bleaching 
is tha t  they may  be equally selective in adsorption of 
oxidized and non-oxidized pigments.  I t  is also possi- 
ble that  oxygen is bound so strongly to some ad- 
sorbents tha t  it is not released to a great  extent at 
reduced pressure.  

Theory  Developed From Laboratory Work. In 
bleaching oils with adsorbents  an equil ibrium exists 
between two favorable  and two unfavorable  condi- 
tions. The favorable  conditions are adsorpt ion of 
color by  the adsorbent  mater ia l  and decrease in 
color of certain pigments  due to heat  and / o r  oxida- 

tion. The unfavorable  conditions are color increase 
due to oxidation and stabilization of color against  
adsorption due to oxidation. This may be sum- 
marized by the following hypothet ical  relat ionship:  

E----A+(C--B)--I) 
Where : 

E ~ b l e a c h i n g  efficiency 
A----color adsorbed 
C ~ color decrease due to heat  and /o r  oxidation 
B ~ c o l o r  increase due to oxidation 
D----stabilization of color duc to oxidatiom 

In  bleaching high quali ty oils with the most com- 
monly used adsorbents,  D is grea ter  than ( C - - B ) .  
In  bleaching low quali ty oils B is greater  than C. 
I n  either case improved results are obtained when 
oxidation is minimized dur ing  bleaching. 

Effect of Vacuum Bleaching on Oil Stability. 
When vegetable oils are bleached with an adsorbent  
material ,  the peroxide number  of the oil tends to in- 
crease due to oxidation and, on the other hand, tends 
to decrease due to selective adsorpt ion of the prod- 
ucts of oxidation by  the adsorbent  material .  Thus 
an equil ibrium is established between formation and 
adsorption of peroxides. Whether  the peroxide num- 
ber  of the bleached oil will be higher or lower than 
that  of the original refined oil depends entirely on 
type and concentration of adsorbent  used. Usually at  
low concentration of adsorbent  oxidation is predomi- 
nan t  and there is an increase in peroxide number  
while at high concentrat ion adsorption is predominant  
and there is a reduction in peroxide number.  Results 
obtained in vacuum versus atmospheric bleaching of 
identical refined soybean oil are shown in Table V. 

TABLE V 

Kind of Adsorbent  

Control .......................................... 
Activated Clay (i) ........................ 
Activated Clay (1) ....................... 
Activated Clay (1) ....................... 
Activated Clay (2) ........................ 
Activated Clay (2) ........................ 
Activa~d Clay (2) ........................ 
Natural Clay (i) .......................... 
Natural Clay (i) .......................... 
Natural Clay (i) .......................... 
Natural Clay (2) .......................... 
Natural Clay (2) .......................... I 
Natural Clay (2) ........................... 

% 
Adsorbent  

Nolle 
0.75 
1.5 
3.0 
0.75 
1.5 
3.0 
0.75 
1.5 
3.0 
0.75 
1.5 
3.0 

Peroxide Number 

Atmospheric Vacuum 
__Bleached  

4.0 
I 10.4 

4.0 
1.8 
6.2 

i 2.0 
.4 

11.0 
: 8.8 

4.8 
4.4 

! 1.4 
0.9 

Bleached 

4.0 
4.6 
0.8 
0.8 
4.0 
0.7 
0.6 
8.2 
5.7 
2.0 
1.8 
0 
0 

As pointed out by  IIassler  and I Iagberg ,  the initial 
peroxide number  of a bleached oil is not necessarily 
imlieativc of the s tabi l i ty  of the oil to fur ther  oxida- 
tion. The reason for  this is no doubt  due to the fact  
that  residual peroxide number  is not necessarily all 
indication of the degree of oxidation that  occurs dur- 
ing bleaching bu t  depends to some extent on the 
selectivity of the adsorbent  in removing products  of 
oxidation. Thus, an adsorbent  mater ia l  that  is most 
selective in adsorbing peroxides may  also have great-  
est catalytic effect on oxidation. However, vacuum 
bleaching should have no effect on the adsorbent  in 
regard  to adsorpt ion of peroxides, and lowering of 
peroxide value due to vacuum bleaching can p robab ly  
be a t t r ibuted  to reduced oxidation of the oil. Since 
vacuum bleaching does have a decided lowering effect 
on residual peroxide vahle, it would be expected tha t  
oil s tabil i ty should be improved by  vacuum bleach- 
ing. Each sample of bleached oil listed in Table 5 
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was stored at  90 ~ F. in diffused l ight for  a period of 
two months, and peroxide values were determined at 
periodic intervals.  Average peroxide value of all at- 
mospheric bleached and all vacuum bleached samples 
at each interval  are shown in F igure  14. 

TABLE V[  

Type of Adsorbent % 
Adsorbent 

A.verage Reduction 
in Oil Stability 

in BIeaching 

Activated Carbon . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  125-.75 
Natural  Clay .................................... 1 
Activated Clay (1) .......................... 1 
Activated Clay (2) ............................ 1 

z2{ - -  ~ o 
bJ 

X 
0 

0 2 4 6 

Atmospheric Vacuum 

24 2 l  
27 22 
25 10 
27 12 

WEEKS AT 9 0  ~ F. 
Fro. 14. Effect of vacuum bleaching ou oil stability. 

Averages for  a relatively large number  of tests show 
tha t  s tabi l i ty  of vacuum bleached oil, as determined 
by  the Swif t  Stabi l i ty  BIethod, is approx imate ly  15% 
greater  than of atmospheric bleached oil when acti- 
vated clays are used as the adsorbent.  Data  compar ing 

the effects of various adsorbents  iu vacuum versus 
atmospheric bleaching on Swif t  Stabi l i ty  of a good 
quali ty refined cottonseed oil are given in Table VI.  

These data substant ia te  previous conclusions tha t  
the effectiveness of vacuum bleaching depends on the 
extent  to which oxidation is reduced. The act ivated 
clays, which showed greatest  r e s p o n s e  to vacuum 
bleaching in regard  to color removal,  also showed the 
greatest  improvement  in oil s tabi l i ty  due to vacuum 
bleaching. The act ivated carbon which reduced oil 
s tabil i ty only slightly more in atmospheric  than in 
vacuum bleaching showed no significant advantage in 
vacuum ove r  atmospheric  bleaching in regard  to color 
removal.  

Summary 
In  bleaching f a t t y  oils an equi l ibr ium exists be- 

tween two reactions favorable  and two unfavorable  
in respect to color reduction. Adsorpt ion of color and 
oxidative decrease in color are favorable.  Oxidative 
increasa in color and oxidative stabilization against  
adsorpt ion are unfavorable.  Adsorbents  are shown to 
catalyze these oxidative reactions. 

Under  any  comparable  set of conditions significantly 
lower colors result  when bleaching is carr ied out un- 
der vacuum or in an inert  atmosphere.  Multiple stage 
bleaching under  atmospheric  conditions shows no ad- 
vantage because of the adverse oxidative effect but  
may  be advantageous under  vacuum conditions. 

Low p I [  ear ths  respond be t te r  than  high p I I  earths 
to vacuum bleaching with respect  to improved color 
removal  and oil stabili ty.  
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Directed Interesterification in Glycerides. Reaction in 
Presence of Added Glycerol 
E. W. ECKEY ~ and M. W. FORMO, ~ The Procter and Gamble Company 

W I I E N  triglycerides are heated to a t empera tu re  
sufficiently high, a process of ester-ester inter- 
change occurs which allows the acid radicals 

to change places until, at  equilibrium, the compo- 
sition of the tr iglyceride mixture  approximates  the 
composition corresponding with random distr ibut ion 
of the acid radicals in the esters. 

At  low tempera ture ,  in the presence of highly ac- 
tive catalysts,  t r iglycerides can undergo a process of 
directed interesterification in which f ract ional  crys- 
tallization of the t r iglycerides take place simultane- 
ously with ester-ester interchange (1, 2). The simple 
fo rm of this process as applied to a fa t  such as cot- 
tonseed oil, containing mixed glycerides of sa tura ted  
and unsa tura ted  f a t ty  acids, consists of mixing the 
oil with catalyst  and holding the mixture  at tem- 
pera tures  below those at which the fu l ly  sa tura ted  
triglycerides, at their  equil ibrium concentration, can 

~Present  address E. W. Eckey Research Laboratory, 338 Crescent 
Avenue, Cincinnati  15, Ohio. 

2Present  address, Archer -Danie[s -Midland  Company, Minneapolis, 
Minnesota. 

remain in solution. Crystal l izat ion of sa tura ted  gtye- 
erides f rom the mixture  al ters the composition of the 
react iug phase and  allows addit ional  quanti t ies of 
sa tura ted  tr iglyeerides to fo rm progressively f rom 
mixed sa tura ted-unsa tura ted  glyeerides as new equi- 
l ibria are approached.  In  this way a large proport ion 
of the sa tura ted  f a t t y  acids of the fa t  can be segre- 
gated into the ful ly  sa tura ted  glyeeride fraetion. The 
range of t r iglyeeride compositions a t ta inable  by  inter- 
esterifieation of a given f a t  is thus grea t ly  extended 
in comparison with tha t  produced by  high-tempera-  
ture reaction. 

This pape r  describes results tha t  can be obtained 
when the process is appl ied to glyeeride mixtures  
containing free hydroxyl  groups. When these are 
present,  as in the ease when a small propor t ion of 
glyeerol is added to a t r iglyeeride mixture  while it 
is undergoing interesterifieation, the process becomes 
a mixed process of ester-a]eohol interchange together  
with ester-ester interehauge since the same catalysts 
serve to aeeelerate both these reactions. The ester- 


