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did not prove, that  other spectroscopic isomers were 
absent. 

As punicate isomerized, a definite maximum for 
alpha eleostearate was observed, analogous to the 
max imum for conjugated cis, trans linoleate observed 
dur ing isomerization of cis, cis linoleate (1). The 
concentration of the alpha isomer then decreased to 
the equilibrium value while that  of the beta isomer 
rose steadily to the equilibrium value�9 

As alpha eleostearate isomerized, the beta isomer 
increased regular ly  to its equil ibrium content. Puni- 
cate concentration apparen t ly  went through a slight 
but  definite maximmn,  greater  than the final low 
equilibrium value. 

As beta eleostearate isomerized, the content of the 
alpha and punicate isomers increased regular ly  to 
equil ibrium values. 

As previously mentioned, no bands between 10 and 
11 /, were observed dur ing  the isomerization of any 
of the three isomers studied other than those which 
could be a t t r ibuted to these isomers. I f  one assumes 
f rom this observation tha t  spectroscopic isomers other 
than the three a l ready characterized by secondary 10- 
11 t~ bands are absent dur ing equilibration, the struc- 
ture of punicate may  be deduced to be etc. This fol- 
lows f rom the fact  that  punieate has only one trans 
double bond (weakest 10.1 t* band) leaving oct (tcc) 
and ctc as al ternate structures.  The cct (tcc) struc- 
tures would be expected to give a tct s t ructure  as one 
of the p r i m a r y  products  of isomerization, which might 
be expected to have other secondary bands in the 
10-11 u region. Since no such bands were observed. 
this s t ructure  seems less probable than the al ternate 
ctc structure.  On the other hand, the ctc punieie 
s t ructure  should give the observed maximum of the 
alpha isomer (ctt) dur ing its isomerization. The syn- 
thetic proof  of the s t ruc ture  of pnnieate by Crombie 
made this presumpt ive  " p r o o f "  of little consequence. 
However  the apparen t  absence of other isomers in the 
equilibrium would also mean that  the center double 
bond (at  least if  trans) does not readily isomerize; 
otherwise the equilibrium should contain some of all 
six spectroscopic species. 

Speculation as to the cause of this presumed inac- 
t ivi ty of the center double bond to cis, trans isom- 

erization led to the following suggestion by M. M. 
Kreevoy of the Univers i ty  of Minnesota:  when a dou- 
ble bond forms the intermediate  complex or activated 
state with the catalyst,  it loses much of its double 
bond character.  I f  this occurs on an " o u t e r "  double 
bond of a conjugated triene, the two remaining 
double bonds are still conjugated and the resonance 
due to their  conjugation should give appreciable 
stabil i ty to this intermediate.  When the " c e n t e r "  
double bond forms the intermediate complex, con- 
jugat ion is essentially lost so this unstabilized fo rm 
would be tess probable than that  f rom an " o u t e r "  
double bond. This leads to the interest ing prediction 
that  isomerization of an isomer with a cis center 
double bond might  lead to a nfixture of the tct, cct, 
tcc, and ccc isomers with none of the known isomers, 
each of which has a trans center double bond. The 
all-cis isomer would be the most interesting one to 
isomerize since it should have no bands in the 10-11 

region by analogy to the cis, cis linoleate. The cct 
(tcc) isomer should be the first to appear,  followed 
by the tct isomer. 

Summary 
Methyl beta eleostearate, alpha eleostearate, and 

punicate isomerize readi ly  with iodine and light, to 
an equil ibrium nfixture of 2.6% pmfieate, 33% alpha 
eleostearate, and 64% beta eleostearate. The course 
of isomerization is in agreement  with the following 
structures:  t t t  for beta eleostearate, ctt for alpha eleo- 
stearate, and ctc for punieate.  These s t ructures  have 
been proven via synthesis by Crombie and Jacklin.  
There is some evidence that  the center double bond 
of a conjugated triene isomerizes less readily than 
the outer double bonds. 
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Bleaching of Off-Colored Cottonseed Oils 
WALTER A. PONS JR., lAMES C. KUCK, and VERNON L. FRAMPTON, Southern Regional 
Research Laboratory, 2 New Orleans, Louisiana 

The adsorption of fixed red pigments from refined off-colored 
cottonseed oil by several adsorbents is described by the em- 
pirical Freundlich adsorption isotherm. ~N'umerieal values for 
the coefficient and the exponent in the Freundlieh equation 
were determined for several oils and several adsorbents. Acti- 
vated alumina was found to be a superior adsorbent for 
removing the red color bodies. It  was observed that the vari- 
ations from oil to oil in the numerical values of tbe coefficient 
and the exponent of the Freundlich equation were smaller 
for the several aluminas than they were for the other adsorbents 
studied. The particle size e.nd moisture cow, tents of the ~],unina, 

Presented a t  the 51s~ Annua l  Meeting of the American Oil Chem- 
ists" Society, Dallas, Texas, April  4 -6 ,  1960. 

One of the laboratories  of the Southern  Utilization Research and 
Development Division, Agr icul tura l  ReSearch Service, U.S. Depar tment  
of Agricul ture.  

t, nd  the  temperature of ac t iva ted  adso rp t ion  were of  impor- 
tance  in de t e rmin ing  the  effect iveness  wi th  which the  red 
color bodies  were removed f rom the  oils. The condi t ions  re- 
quired for  op t imum bleaching  with ~ lumina  had  no de tec tably  
"tdverse effect on oil qual i ty .  

T 
HE VALUE and usefulness of about 25% of the 
cottonseed oils produced in the United States 
are impaired because of the presence in  the oil 

of red piglnents that  are not removed by the conven- 
tional refining and bleaching processes. The evidence 
developed dur ing the past  several years suggests very  
s t rongly that  the alkali-fast, red color bodies in off- 
colored oils are derivatives of gossypol and that  they 
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may  arise in crude cottonseed oil while it is in stor- 
age. The red color bodies may  also occur in seed that  
has been stored improper ly  or that  has been damaged 
in the field before harvest.  

The present  communication is concerned with the 
removal  by  use of adsorbents of the red color bodies 
f rom refined oils. 

Mater ia l s  a n d  M e t h o d s  

A bleaehable, prepressed, solvent-extracted cotton- 
seed oil and several screw-pressed cottonseed oils 
were obtained f rom commercial  sources and refined 
by A.O.C.S. Official Method Ca 9a-52 (1). In  addi- 
tion, an off-colored oil was p repared  by adding gossy- 
pol (0.5%) to a high-quali ty commercial salad oil 
(refined, bleached, winterized, and deodorized) for 
the purpose of comparing the behavior of gossypol 
derivatives produced in cottonseed oil in this manner  
(4) with the red color bodies that  occur in off-colored 
cottonseed oils of commercial origin. The gossypol- 
oil solution was heated for  16 days at 60~ to fix 
the  color .  U n r e a c t e d  g o s s y p o l  was  t h e n  r e m o v e d  
from the oil by extraction with aqueous sodimn ear- 
bonate (5). 

The adsorbents used are listed in Table I. All wer(~ 

TABLE I 
R e l a t i v e  E f f i c i e n c y  of  A d s o r b e n t s  f o r  R e d  C o l o r  B o d i e s  

i n  R e f i n e d  O f f - C o l o r e d  C o t t o n s e e d  O i l  

P a r t i e l e  C o l o r  i n -  
A d s o r b e n t  ~ s i z e  d e x  of  

( m e s h )  l)lea(.he(1 
oi l  

N-one . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
N a t u r a l  e a r t h  ( A . O . C . S . )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
A c i d  a c t i v a t e d  e a r t h  ( c o m m e r c i a l )  . . . . . . . . . . . . . . . . . . . . . . . . . . .  
M a g n e s i u m  o x i d e - - c h r o m a t o g r a p h i c  g r a d e  . . . . . . . . . . . . .  
M a g n e s i u m  t r i s i l i e a t e ~ c h r o m a t o g r a p h i c  g r a d e  . . . . . . .  
Silicie a c i d - - c h r o m a t o g r a p h i c  g r a d e  . . . . . . . . . . . . . . . . . . . . . . . .  
Z i n c  c a r b o n a t e - - r e a g e n t  g r a d e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 
C a l c i u m  a l u m i n o  s i l i c a t e - - s y ~ t h e t i e  . . . . . . . . . . . . . . . . . . . . . . . . .  
S o d i u m  a l u m i n o  s i l i c a t e ~ s y n t h e t i c  . . . . . . . . . . . . . . . . . . . . . . . . .  
A l u m i n u m  h y d r o x i d e I r e a g e n t  g r a d e  . . . . . . . . . . . . . . . . . . . . . .  i 
A l u m i n u m  s i l i c a t e - - a d s o r b e n ~  g r a d e  . . . . . . . . . . . . . . . . . . . . . . .  
C a l c i n e d  a l u r a i n a - - c o m m e r e i a l ,  g r a d e  N o .  1 . . . . . . . . . . . .  
C a l c i n e d  a l u m i n a  - c o m m e r c i a l ,  g r a d e  N o .  3 . . . . . . . . . . . .  
C a l c i n e d  a l u m i n a - - c o m m e r c i a l ,  g r a d e  N o .  1 4  . . . . . . . . . .  
H y d r a t e d  a h t m i n a - - e o m m e r e i a l ,  g r a d e  N o .  3 1  . . . . . . . .  
Hydrated a l u m i n a - - c o m m e r c i a l ,  g r a d e  N o .  7 3 0  . . . . . .  
A c t i v a t e d  a l u m i n a - - c h r o m a t o g r a p h i c  g r a d e  . . . . . . . . . . . .  
A c t i v a t e d  a l u m i n a - - c o m m e r c i a l ,  g r a d e  N o .  1 . . . . . . . . . .  
Activated a l u m i n a - - c o m m e r c i a l ,  g r a d e  N o .  3 . . . . . . . . . .  
Activated a l u m i n a - - c o m m e r c i a l ,  g r a d e  N o .  1 0 1  . . . . . .  

--400 3[ 
--400 51 
--400 5I 
Powdered 
--400 5[ 
--400 3[  

--400 51 
- - 3 2 5  3I 
- - 3 2 5  M 
- - 3 2 5  5 i  
- - 4 0 0  3[  

5 - 1 0  m i c r o n  
- - 4 0 0  M 
- - 4 0 0  5[  
--400 ~i 
- - 4 0 0  5[ 

" F o u r  p a r t s  b y  w e i g h t  of  a d s o r b e n t  p e r  10O ) a r t s  o f  oil .  

1 2 5 . 0  
6 2 . 3  
5 2 . 8  
5 3 . 2  
4 2 . 5  
7 4 . 5  
7 5 . S  
7 9 . 5  
65.0 
~().iJ 
5 1 . 5  
66.!1 
61.0 
7 6 . 7  
7 6 . 7  
5 2 . 9  
35.(I  
3 3 . 4  
3 2 . 8  
2 8 . 0  

the initial solute concentration is varied. However, in 
the experiments  carried out ill this investigation, the 
initial solute concentration (color intensi ty of refined 
oil) remained constant while the quant i ty  of adsorb- 
ent was varied. 

The technique for adsorption bleaching was essen- 
t ially that  described in the A.O.C.S. Official Method 
Cc 8a-52 for cottonseed oil, but  the tempera ture  and 
time of t rea tment  were varied. 

Resu l t s  

Data  obtaim~d f rom tests with the adsorbents listed 
in Table I indicate that  of all those used: activated 
a lumina was the most effective one for the removal 
of fixed red pigmentat ion f rom refined off-colored cot- 
tonseed oils. 

Activated al lmnina was chosen for special atten- 
tion. Variables studied for  its use were bleaching 
temperature ,  time of contact between oil and alumina, 
and moisture content and particle size of almnina. 
The data  (Table [[) demonstrate  that  225~ is the 
best t empera ture  and that  maximum adsorption of 
the color bodies occurs when the moisture content 
of the a lumina is 10% or nlore and the surface area 
of this adsorbent is increased by grinding. Under  
these conditions the time of contact for adsorption 
is relat ively short. Increasing it f rom 5 to 25 rain. 
gave pract ical ly  no improvement  in bleached oil color. 

The  r e l a t ive  e f f e c t i v e n e s s  of a c t i v a t e d  a l u m i n a ,  
used under  opt imum conditions, and of na tura l  bleach- 
ing earth, used under  conditions described in A.O.C.S. 
Official Method Cc 8-52, is i l lustrated in F igure  1. I t  
is evident that  the activated alumina is many  times 
more effective than  the earth in removing the alkali- 
fast, red color bodies. 

.tdsorptio~ Isotherms. That  the Freundl ieh  adsorp- 
tion isotherm is followed in the adsorption of the red 
r bodies is demonstrated by the regressions of 
log x / m  on long e, plotted in F igure  2, for six adsorb- 
cuts. The intercept on the ordinate is the logarithm 
of the coeffident k in the Fremldl ieh  equation, and 
the slope is equal to the exponent n. The calculated 
values for constants k and n obtained with several 
adsorbents used in bleaehillg a. refined off-colored oil 

of commercial  origin except a luminum silicate, which 
was synthesized in the laboratory,  and the A.O.C.S. 
official bleaching earth. 

I t  has been shown (2,3,7) that  the Freundl ieh  ad- 
sorption isotherm describes the activated adsorption 
of cottonseed oil p igments  on fu l l e r ' s  ear th  when the 
reduction in color intensity, obtained on t rea t ing  the 
oil with the earth, is assumed to be proport ional  to 
the quant i ty  of pigments  renmved, and the color in- 
tensi ty of the oil a f te r  t rea tment  is assumed to be pro- 
port ional  to the concentration of the pigments  af ter  
equil ibrium conditions are established. The color in- 
dices, r and c of the refined and of the bleached oils, 
respectively, were determined by the method described 
by Pens, Kuek, and F r a m p t o n  (6). The differences, 
r - - c  = x, were used in the Freundl ieh  equation, 

x 
-- ken 

m 
where x is the reduction in color intensity, c the color 
intensi ty a f te r  t reatment ,  m the quant i ty  of adsorbent  
used, and k and n are constants. 

I n  the usual investigations of adsorption phenom- 
ena the quant i ty  of adsorbent  is held constant while 

leo O O AOCS BLEACHING EARTH 
x:~ x ACTIVATED ALUMINA 
I - -  

8o 

i 6 o -  

oCWO 40~ 
o 2o 

L 61 i 1 [ i 

PERCENT BLEACHING AGENT 
FIG. 1. Comparison of the relative effectiveness of activated 

alumina and A.O.C.S. official bleaching earth in removing 
alkali-fast color bodies from refined off-colored cottonseed oil. 
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T A B L E  I I  
~r Affecting Adsorp l ion  of Red Color Bodies  from Refined Oil by Act iva ted  A lumina  

0 i l  t empera tu re  

~ Color 
index  

2 6  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

7 5  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
] 2 0  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
] 5 0  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
200 ..................................................................... 
2 2 5  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

269 ..................................................................... 

74.7 
66.5 
64.4 
64.1 
48.0 
3 1 1  
30.1 

Contact  t ime at Mois ture  content  of Par t ic le  size of 
225 ~ C. a l umina  ~ a lum ina  e 

Reta ined Passed Color 
t h rough  index  on mesh mesh 

Min. Color 
index 

5 31.1 
10 32.7 
15 32.9 
20 33.4 
25 31.7 

a F ive  minu tes  to reach t empe ra tu r e ;  min.  b leaching at  t empera tu re  specified. 
b Bleach ing  at  225~ for  5 rain. 
e Bleach ing  wi th  a lumina  con ta in ing  10% mois ture  a t  225~ for  5 rain. 
r  mois ture  content  when a luminas  were stored over  water. 

Color 
% index 

:Dry 46.1 
1.41 47.1 
4.69 40.7 
5.64 37.7 
6.72 37.0 

10.42 33.7 
13.36 33.2 a 
14.37 32.6 a 

200 
270 
320 

100 
200 
270 
400 

56.2 
48.6 
42.5 
35.0 

IO 
g 

8 

7 

6 

5 

3 

0 
.3 

f 
2 

L O G  

I I I r 

6 

o ~ 

o i 
I J I 
3 4 5 

/- 

L 

I I I I 
6 7 8 9 1 0  

R E S I D U A L  C O L O R ,  C 

FIG.  2. F r e u n d l i c h  a d s o r p t i o n  i s o t h e r m s  f o r  t h e  a d s o r p t i o n  
o f  a l k a l i - f a s t  c o l o r  b o d i e s  f r o m  a r e f i n e d  o f f - c o l o r e d  c o t t o n s e e d  
o i l  o n :  ( 1 )  A . O . C . S .  o f f i c i a l  b l e a c h i n g  e a r t h ;  ( 2 )  a c i d  a c t i -  
v a t e d  e a r t h ,  ( 3 )  m a g n e s i u m  s i l i c a t e ;  ( 4 )  alumilmm s i l i c a t e ;  
( 5 )  s o d i u m  a h m i n o  s i l i c a t e ;  ( 6 )  a c t i v a t e d  a l u m i n a .  

are recorded in Table I I I .  In  the case of activated 
aluminas the values for  k are higher and for  n lower 
than  those calculated for  the other adsorbents. 

These adsorption constants were used to calculate 
the quanti t ies (Table I I I )  of each of the several ad- 
sorbents required to reduce the color index of a refined 
off-colored oil f rom 125 to 30 and also to 20. Smaller  
quanti t ies of a lumina are required to a t ta in  these 
bleach colors. 

The numerical  values of the coefficient k and the 
exponent  n of the Freundl ich  equation for  a lumina 
No. 20 varied with particle size (Table I I l ) ;  the 
values for  k increased while those for  n decreased 
with increasing fineness of the adsorbent. The values 
of k and n for  the four  aluminas of commercial origin 
were all of the same order of magnitude.  

The coefficient and exponent va ry  with the type  of 
oil (2,3), as may  be observed f rom the data obtained 
on bleaching several refined off-colored cottonseed oils 
with either A.0.C.S. official na tu ra l  bleaching earth or 
act ivated a lumina (Table IV) .  The var ia t ion among 
the constants for  the a lumina was less than  for  the 
earth. 

A fu r the r  demonstrat ion of the greater  effectiveness 
of act ivated a lumina in removing the alkali-fast  red 

TABLE III 
Adsorption Constants of Adsorbents Used to Bleach Refined 

0ff-Colored Cottonseed Oil a 

Grains adsorbent  
F r e u n d l i c h  per  100 g, of oil  

Adsorbent  constants  to a t t a in  color 
index of : 

k n 2 0 . 0  30.0 

Na tu r a l  ear th  (A.O,C.S.- 
Official) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.00067 1,35 765.0 I19.0 

Act iva ted  ear th  (A,O.C.S,) . . . . . .  0.055 Z.09 43.1 16.5 

Magnes ium t r i s i l ica te  ............... 0 .0026 1.38 184,5 28.1 

A l u m i n u m  si l icate ..................... 3.59 x l 0 - :  9,10 r 

Sod ium a lumino  sil icate ............ 9.94 x I 0  -1~ 5.29 ~ 
Act iva ted  a l u m i n a - -  

No. 101 ( - -400  mesh) .......... 0.117 2,78 12.4 3.6 
Act iva ted  a l u m i n a - -  

No. 1 ( - -400  mesh) .............. 0.263 1.75 11.3 5.0 
Act iva ted  a l u m i n a - -  

No. 3 ( - -400  mesh) .............. 0.249 1.79 11.7 5.1 
Act iva ted  a l u m i n a - - N o .  20 

( - -100 ;  -~200 mesh) ............ 0.018 2.71 91.1 27.6 
Act iva ted  a lumina  --No. 20 

( - -200  ; -~270 mesh) ............ 0,080 2.00 32.8 13.2 
Act iva ted  a l u m i n a - - N o .  20 

( - -270 ;  -{-320 mesh) ............ 0.152 ] .78 20.0 8.8 
Act iva ted  a l u m i n a - - N o .  20 

( - -400  mesh) . . . . . . . . . . . . . . . . . . . . . . . .  0.230 1.68 14.2 6.5 

a Refined oil off-colored. Color index ~ 124.8. 

color bodies is found in the data obtained on bleach- 
ing several oils with both adsorbents (Table V) .  Two 
additional points of interest  may  be noted: a) the 
red color bodies formed on adding gossypol to a high 
quali ty of salad oil have a nluch greater  affinity for  
the a lumina than for  the na tura l  bleaching ear th ;  
and b) there is little improvement  in the color of oils 
H and N (bleached by  either adsorbent)  when the 
bleached oil is deodorized. 

Removal of Green Pigments. Although act ivated 

T A B L E  I V  
Comparison of Bleach ing  Efficiency of Adsorbents  for Several  

Refined Off-Colored Cottonseed Oils 

Refined oil 

Color 
No. index 

A 125.0 

B 130.0 

C 147.0 

n a 105.o 

A 125.0 

B 130.0 

C 147.0 

D "  105.0 

Adsorbent  

Na tu ra l  ear th  
(A.O.C.S.) 

Natu ra l  ear th  
(A.O.C.S.)  

Na tu r a l  ear th  
(A.O.C.S.) 

Natu ra l  ear th  
(A.O.C.S.) 

Act iva ted  alu- 
mina  No. 20 b 

Act ivated alu- 
mina  No. 20 s 

Act iva ted  alu- 
mina  No, 20 b 

Act ivated alu- 
mina  No. 20 b 

Grams  of absorb- 
Adsorp t ion  ea t  per 100 g. of 
constants  oil to a t t a in  color 

index of : 

k n 2 0 . 0  30.0 

0.0006~ 4.35 765.0 "119.0 

0.0037 3.72 227,0 45.6 

0.0396 2.36 62.5 22.2 

1.17 2.11 1.7 0.6 

0.230 1.68 14.2 6.5 

0,257 1.81 12.3 5.3 

0.262 1.97 12.4 5,1 

0.103 6.76 0.8 0.2 

a P r i m e  grade,  bleachable. 
b - - 4 0 0  mesh;  5-min. bleach a t  225~O., a tmospher ic  condit ions.  
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T A B L E  V 
Compar ison  of N a t n r a l  E a r t h  and  Act iva ted  A lumina  for t~leaching 

Off-Colored Commerc ia l  Cottonseed Oils 

Refined oil Color index of 
bleachable oils 

Type of oil 
Color Na tu r a l  

No. index ear th  a 

E 128.0 
117.0 

219.0 82.6 
G 125.0 62.3 
I-I 147.0 56.5 

45.4 c 
I 130.0 52.6 
J 171.0 48.3 
K 104.0 46.3 
L 101.0 35.4 
M 134.0 

26.0 
N 105.0 

14.1 
7.0 c 

aA.O.C.S,  earth 4 g . / 1 0 0  g. oil, s t a n d a r d  A.O.C.S. bleach method.  
b No. 101 a lumina ,  4 g . / 100  g. oil, 5-min. bleach at  225~ 
e Af te r  deodorizat ion.  

Refined and bleached oil 
gossypol (hea ted)  

Screw-pressed  (commerc ia l )  
Screw-pressed  (commerc ia l )  
Screw-pressed  (commerc ia l )  

Screw-pressed (commerc ia l )  
Screw-pressed (commerc ia l )  
Screw-pressed  (commerc ia l )  
Screw-pressed  (commerc ia l )  
S c r e w - p r e s s e d - - u n d e r  re- 

fined (commerc ia l )  
P r e p r e s s e d - - s o l v e n t  p r ime  

bleachabte 

A l u m i -  
n a  b 

40.3 
56.9 
30.2 
28.8 
28.3 c 
31.5 
35.9 
30.6 
32.3 

19.9 

15.7 
5,1 r 

alumina has reasonable affinity for red fixed pig- 
ments of gossypol origin, it was found that this ad- 
sorbent had little, if any, effect on the removal of the 
green pigments sometimes encountered in cottonseed 
oils. These green pigments are effectively removed 
from cottonseed oil by activated charcoal (2,3). The 
data reported in Table VI indicate that treatment 

T A B L E  V I  
Remova l  of Green  P i g m e n t s - - A l u m i n a  Bleaching  of Refined 

Off-Colored Cottonseed Oil 

Adsorben t  
( g . / 1 00  g. oil) Color 

Ac t iva ted  index 
a lumina  a Charcoal  b 

4.0 None 49.4 
4.0 0.2 36.2 
4.0 0.4 34.9 
4.0 0.6 32.3 
4.0 0.8 32.7 
4.0 [ 1.0 / 33.0 

Adsorben t  
( g . / 100  g. oil) 

Act iva ted  
a lumina  a Charcoal  b 

1.0 0.6 
2.0 0.6 
3.0 0.6 
4.0 0.6 
5.0 0.6 
6.0 0.6 

Coh)r 
index 

59.5 
46.2 
37.3 
32.3 
30.9 
28.8 

aAc t iva t ed  a lumina  No. 20 ( - -400  m e s h ) .  
.bAet ivated charcoal ,  vegetable  oil g rade .  

of the oil with about 0.6% activated charcoal, fol- 
lowing bleaching with alumina, effectively removes 
green pigments. The oils which were treated with 
alumina and charcoal had no significant absorption in 
the chlorophyll region (620-670 m~) and were free 
of any visual appearance of green color. 

Properties of Bleached Oil. The temperature re- 
quired for the most effective use of activated alumina 
in bleaching off-colored cottonseed oils (225~ is 
considerably higher than that normally used in con- 
ventional bleaching with natural earth (100-120~ 
That this higher temperature has no apparent ad- 
verse effect on the oil is shown by the data recorded 

T A B L E  V I I  
Compar i son  of A lumina  and  N a t u r a l  E a r t h  B leach ing  on 

Oil Charac ter i s t ics  

P ro  e r t "  Refined 
P Y oil Na tu r a l  

ea r th  e 

Color index.....,.~......~ ................... 1 1 0 5 . ~  
Oil re tent ion  of adsorben t ,% a....-[ ...... 25,1 
Iod ine  n u m b e r  b .......................... 1104.5 104,7 
Ref rac t ive  index, n D 25r .. . . . . . . .  I 1.4698 1.469 (̀  
Unsaponifialdec~ ~ mat te r ,  c~b .......... [ 0.57 0.a3~ " 
Neu t ra l  oil, ,c ............................ I 99.7 9,).5 
Tocopherols,  ~ e  .......................... I 0.053 0,055 
Perox ide  n u m b e r  before 

deodorizat ion b ........................ 34.2 20.2 
Peroxide  n u m b e r - a f t e r  ] / 

deodorizat ion b ........................ ] 0.0 J, 0.0 
S tab i l i ty -a f t e r  deodori- ~ i 

zation, hrs.  d ............................. [ 22.5 [ 36.0 
S tab i l i ty -a f te r  deodori- [ [ 

zation, hrs.  d ............................. [139.0  ] 80.0 
Absorp t iv i ty  : ] 

268 5 I~ - t r i ene  conjugation.. . .~ 0.400 , 0.255 
233 M/t-diene conjugat ion. . . .q  0.019 ] 0.222 
315 M g - t e t r a e n e  con juga t ion /  0 .0015] 0.0083 

Bleached oil 

A l u m i n a  

A aosg I Vacu m 
~ leach bleach 

15.8 I 16.8 
25.2 / ...... 
04.4 /104.4  

1.4700 1.4699 
0.59 I 0.55 

99.7 
0.056 

24.8 

0.0 

40.5 

99.6 
0.056 

23.6 

0.0 

35.0 

69.0 67.0 

0.681 ] 0.570 
0.115 0.076 
0.0083 0.00065 

V a c u u m  filtration, 1 hr .  a t  100~ filter cake ext rac ted  wi th  ether .  
}' By applicable A.O.C.S. m e d m d s  ( 1 ) .  
( See re fe rence  ( 9 ) .  
a Oven stabil i ty-t ime at 100~ {o a t ta in  peroxide m i m b e r  of  100 ( 8 ) .  
r A.O.C.S. 

in Table VI I ,  where a comparison is nlade of prop- 
erties of an oil bleached with act ivated alumina and 
na tura l  bleaching earth. Alumina  had no detectable 
effect on the unsaturat ion,  na tura l  antioxidants  (to- 
copherols),  f a t t y  acid isomerization, or oil stability. 
I t  was fu r the r  observed that  the amount  of oil en- 
t ra ined in both the activated a lumina and the na tura l  
earth is about the same. 
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F o u r  d i v i n y l  s u l f o n e - e l e o s t e a r a t e  a d d u c t s  w e r e  s y n t h e s i z e d  
a n d  c o m p a r e d  w i t h  d i b u t y l  s e b a e a t e  a s  p l a s t i c i z e r s  f o r  n i t r i l e  
r u b b e r .  T h r e e  o f  t h e s e ,  t h e  a d d u e t s  o f  m e t h y l  alpha-e leos te -  
a r a t e ,  i t s  h y d r o g e n a t e d  d e r i v a t i v e ,  a n d  t h a t  o f  t u n g  oil ,  w e r e  

1 One of the laborator ies  of the  Southern  Uti l izat ion Resea rch  and  
Deve lopmen t  Division,  Agr i cu l tu ra l  Resea rch  Service,  U.S.  D e p a r t m e n t  
of Agr icu l tu re .  

f o u n d  to  b e  s a t i s f a c t o r y  p r i m a r y  p l a s t i c J z e r s .  T h e  s t o c k s  p r e -  

p a r e d  f r o m  t h e  u n h y d r o g e n a t e d  a d d u c t s  w e r e  s u p e r i o r  i n  p l a s t i -  

c i z i n g  e f f i c i e n c y  to  t h o s e  p r e p a r e d  f r o m  t h e i r  h y d r o g e n a t e d  

d e r i v a t i v e s .  T h e  d i v i n y l  s u l f o n e - t u n g  oi l  a d d u c t  y i e l d e d  a 

r u b b e r  w h i c h  m e t  t h e  l o w - t e m p e r a t u r e  f l e x i b i l i t y  r e q u i r e m e n t s  

( - 4 0 ~  o f  t h e  a u t o m o t i v e  i n d u s t r y .  


