
T H E  J O U R N A L . O F  T H E  A M E R I C A N  O I L  C H E M I S T S '  S O C I E T Y ,  N O V E M B E R ,  1 9 5 3  4 4 7  

found to be roughly equivalent to the s tandard  devi- 
ation of single oven determinations. Certain vari-  
ables must  be compensated for  either by  method or 
technique of operat ion;  namely, t empera ture  of sam- 
ple and density of mater ial  in sample tube. The pre- 
cautions required are determined by  the accuracy 
desired. 

The meter  has been found to fill a very  necessary 
funct ion in the process control in the milling of oil- 

bear ing materials.  The initial cost has been kept at  a 
min imum by  designing the  meter  for  specific applica- 
tion, and fu r the r  the operat ing and maintenance costs 
are extremely small. Because of the success we have 
had with this meter  and because experience has shown 
it to be a valuable process tool, it has been made 
available to indus t ry  for  use in whatever  applicat ion 
it may be found to serve a useful  function. 

[ R e c e i v e d  O c t o b e r  27,  1 9 5 2 ]  

Sesamolin Adsorption by Bleaching Agents 
LAL BAHADUR MATHUR and K. S. TILARA, Amrit Banaspati-Company Ltd., Ghaziabad, India 

T H E  Indian  oil technologists engaged in the manu- 
facture  of Banaspat i  (edible hydrogenated  oil) 
have to face the problem that  certain bleaching 

earths, al though effective in reducing the color of the 
oil, decompose sesamolin. Most of the bleaching earths 
produced by  manufac ture rs  in sterling areas are of 
this type, and this has presented a new problem to the 
industry.  A bleaching earth which causes a loss of 
only a small amount  of sesamolin is acceptable, but  
if it removes the sesamolin completely, either by  ad- 
sorption or splitting, it should not be used. 

With  the introduction of the Baudouin test in In-  
dia as a measure of the sesame oil present  in Banas- 
pati ,  the effect of the bleaching earths and carbons 
used in processing on the values obtained in the test  
are of fundamenta l  importance.  The character is t ic  
Baudouin test is caused by  sesamol (CTH6Q),  a com- 
ponent  of sesamolin (C2oHls07), one of the unsa- 
ponifiable components present  in sesame oil bu t  not 
present  in other na tura l  oils (1). 

Honig (3) showed that  acid bleaching earths can 
lead to the format ion of free sesamol. Budowski et al. 
(2) showed that  neut ra l  clay and act ivated carbon, as 
well as acid clay, can produce free sesamol f rom ses- 
amolin and can reduce the total of the free and com- 
bined sesamol of sesame oil. They also found tha t  
near ly  all the free sesamol is lost dur ing deodoriza- 
tion of the oil. 

This investigation was under taken  to provide ad- 
ditional information concerning the effect of various 
bleaching clays on the sesamol content of oils for  the 
benefit of manufac tu re r s  of hydrogenated  oil. 

Experimental 
1. William Garrigue Plant. Twenty-f ive  tons of 

crude ground-nut  oil mixed with 7-10% sesame oil 
were refined with caustic soda at 60~ in a steam- 
jacketed neutral izer  equipped with a mechanical agi- 
tator.  Af te r  refining, the oil was settled for  8 hours  
and siphoned off to a wash tank where it was given 
several washes with hot water  to remove soaps. The 
amount  of sesame oil added to different batches was 
varied, and  the Baudouin tests were conducted on both 
the crude and refined oils of each batch. The washed 
oil was bleached in a 12-ton soft bleacher for  1 hour  
at 90~ under  27.5 in. vacuum. The effect of dif- 
ferent  earths in various proport ions was noted. The 
bleached, filtered oil was hardened t o  a melt ing point 
of 37~ in a 9-ton autoclave. One pound of act ivated 
carbon per  ton of oil charged was added with the 

TABLE I 

Effec~ of Refining Sesame Oil and  Bleaching With  0 .5% Cla:~ on 
Color and  Baudou in  Test Readings  

Bleach- I  I 
ing r 

ear~'h, ] C~176 I 

1. Crud . . . . . .  e oil (F.F.A. 2 .0%)  ...... ~ 4 ~ R  " - -  
2. Oil a f te r  neutra l iz ing ........................ I ...... [ ........ [ 
3. Bleached oil a)  Fulmond-525 C ........ [ 0.5 I 2.0Y-0.2R 
4. Bleached oil b) B.C. clay .................. I 0.5 I 2 .0u  [ 

Baudou in  
test  

color 

12.5R-1.0Y 
11.6R-0.9Y 

9.5R-0.9Y 
10.6R-0.9Y 

catalyst. The cooled, filtered, hardened oil was given 
a light alkali wash and several hot water  washes. 
The oil was then t reated with different quantities of 
bleaching earths, and the decrease in Baudouin test  
color was noted. The bleaching conditions were simi- 
lar to those used in the soft oil bleacher. The oil was 
deodorized in a 9-ton deodorizer for  4 hours  at 150 
to 160~ under  29.5 in. of vacuum. 

2. Laboratory Experiment. Sesame oil and different 
sesame oil mixtures  were bleached in the labora tory  
in l-lb. batches at 90~ for  20 minutes, using me- 
chanical agitat ion and the Baudouin test  color noted. 

FOllowing the procedure of the Baudouin test, ses- 
ame oil is mixed with liquid paraffin as a diluent in 
the ratio 1:80. Five ml. of this mixture  is slightly 
warmed in a test tube. To this is added 5 ml. con- 
centrated HC1 (Sp. Gr. 1.19) and 8 drops of a 2% 
solution of f reshly distilled fu r fu r a l  in neutra l  alco- 
hol. The test tube is shaken for  2 minutes, and the 
p ink  acid layer  is allowed to settle for  8 minutes. 
The acid l ayer  is filtered through a Wha tma n  filter 
paper,  and the filtrate is collected in a 1-cm. cell o f  
a Lovibond Tintometer  (Bri t ish Drughouses Pat tern ,  
made in England,  Pa ten t  No. 299194). 

The experimental  results obtained are tabula ted  in 
Tables I to IV. 

In  the case of pure  sesame oil the dilution in the 
Baudouin test  was 20 times greater  than  that  used 
for  the processed oil. 

Discussion of Results 
Examinat ion  of the data for  the plant  scale experi- 

ment  using Fu lmond  earth in Table I I I  shows tha t  
at the end of the processing the sesamotine was vir- 
tual ly  completely removed. The data indicate tha t  
the Fu lmond  ea r th  used in the soft oil bleacher split  
some of the sesamoline into sesamol, which was par-  
t ial ly destroyed in the hydrogenator ,  and  the Fulton)rid 
earth used in the hard  oil bleacher sp l i t  still more of 
the sesamoline into sesamol, which was lost during 
the deodorization. Thus the double bleaching with 
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T A B L E  I I  

Color and  B a u d o u i n  Test, R e a d i n g s  for  G r o u n d n u t - S e s a m e  Oil Mixture ,  U s i n g  V a r i o u s  B l e a c h i n g  
Agen ts  in the  L a b o r a t o r y  E x p e r i m e n t s  

Nos. B leach ing  agen t s  

1 Tons i l  
2 Fu l l e r ' s  ea r th  
3 N u c h a r  (old sample)  
4 F u l m o n d  
5 Cron ( c a r b o n )  
6 Texas  clay 
7 B . C .  c l a y  
8 Darco  
9 Fi l t rol  

10 Marco  ( ca rbon )  
11 Nor i t  ( c a rbon )  

T r a d e  

A. C. A. 
311 C 

F . O .  

5":L: P 

O r i g i n  

(~ermaI~y 
I .  C. I .  
U . S . A .  
I .  C . I .  
G e r m a n y  
U. S. A, 
U. S. A. 
U . S . A .  
B e l g i u m  
U . S . A .  
G e r m a n y  

Color of g r o u n d n u t - s e s a m e  oil m i x , a r e s  B a u d o u i n  ~ s t  r e a d i n g s  

Or ig ina l  

2 .2Y-0 .3R 
2 .2Y-0 ,3R 
2 .2Y-0 .3R 
2 .2Y-0 .3R 
2 .0Y-0 .3R 
2 .0Y-0 .3R 
2 .0Y-0 .3R 
2.0Y-0.3I~ 
2 .0Y-0 .3R 
2 .2Y-0 .3R 
2 .2Y-0 .3R 

A f t e r  
b l each ing  
wi~h 0 . 5 %  

a g e n t  

O.8Y-0.2R 
1 .0Y-0.2R 
0.SY-0.2R 
0 .9Y-0 .2R 
0 .7Y-0 .2R 
1.1Y-0.2R 
1 .1Y-0,2R 
1 .0u  
0 . 9 u  
1 .2Y-0.2R 
1 .2Y-0.2R 

Af t e r  
b leach ing  

wi th  1 ,0% 
a g e n t  

0 .6Y-0 ,1R 
0 .8Y-0.1R 
0 .6Y-0 .1R 
0 .6Y-0.2R 
0 .6Y-0.2R 
0 .6Y-0.2R 
0.4Y-0.2Ir  
0 .6Y-0 .1R 
0 .8Y-0.2R 
1 .0Y-0 .2R 
1 .0u  

Oil 
bleached Or ig ina l  w i th  0 . 5 %  

agen t  

1 .0Y-13 .0R 0.9Y- 9.41r 
1 .2Y-20,0R 1 .2Y-17 .0R 
0 .9Y-11 .4R 0 .9Y-10 .8R 
1 .2Y-20.0R 0 .9Y-16 .4R 
0 .9Y-11 .4R 0 .9Y-10 .2R 
0 .9Y-10 .0R 0.9Y- 9 .3R 
0 .9Y-10 .0R 0.9Y- 9 . 5 R  
0 .9Y-10 .4R 0.9Y- 9 .6R 
0 .9Y-11 .4R 0.9Y- 9 .6R 
0 .9Y-10 .2R 0.9Y- 9 .5R 
0 .9Y-10 .2R 0.9Y- 9 .6R 

Oil 
bleached 

wi th  1 . 0 %  
a g e n t  

0.$Y- 6 .5R 
1.0Y-15.01~ 
0 .9Y-10 .0R 
1 .0Y-13.5R 
0.8Y- 9 .3R 
0.8Y- 8 .4R 
0.8Y- 8.4R, 
0.9Y- 9 .6R 
0.8Y- 8 .8R 
0.8Y- 8 .7R 
0.8Y- 8 .8R 

T A B L E  I I I  

B a u d o u i n  T e s t  R e a d i n g s  a t  %'arious S tages  of P r o d u c t i o n  of B a n a s p a t i ,  
U s i n g  F u l m o n d  E a r t h  in  Plan~ Scale  E x p e r i m e n t s  

0 . 5 %  of ea r th  0 .2% ea r th  011% ea r th  
P roces sed  oil 1 0 %  sesame oil 7 . 0 %  sesame oil 7 . 0 %  sesame  oil 

C r u d e  soft  oil ................................................................................ 1 .3Y-30 .0R 1 .3u  1 .0Y-16.0R 1 .0Y-15 .0R I~0Y-15.0R 1.0Y-15.0R 
Alka l i  neu t ra l i zed  soft  oil .............................................................. 1 .3Y-28.8R 1 .3Y-28.8R 1 .0Y-15.2R 1 .0Y-14 .2R 1 .0Y-14 .2R 1 .0Y-14.0R 
Bleached  soft  oil ............................................................................ 1 .3Y-26 .0R 1 .3Y-26 .5R 1 . 0 u  1 .0Y-13 .0R 1 .0Y-13.2R 1 .0Y-13.0R 
H a r d e n e d  oil ................................................................................. 1.2Y-20.3R, 1 .2Y-21.0R 0 .9Y-12 .0R 0 .9Y-10 .5R 0 .9Y-10 .0R 0.9Y- 9 .8R 
Bleached  h~rd  oil . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.0Y-15 .0R 1 .0Y-14 .2R 0,9Y- 9,2]~ 0,9Y- 8 .2R 0.BY- 8 .2R 0.BY- 8 .0R 
Deodor ized h a r d  oil 

a )  150~  .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 0.TY- 5.01~ 0.7Y- 3 .0R . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.7Y- 3 .5R 
b)  160~C. ............................................................................. 0.7Y- 3 .6R I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.7Y- 1 .3R 0.TY- 3 .0R .................. 

T A B L E  I V  

B a u d o u i n  Tes t  R e a d i n g s  at V a r i o u s  S tages  of P r o d u c t i o n  of B a n a s p a t i ,  
U s i n g  B.  C. Clay in P l a n t  Scale  E x p e r i m e n t s  

0 . 5 %  ea r th  0 . 2 %  ea r th  0 . 1 %  ea r th  
P rocessed  oil 9 .0% sesame oil 9 . 0 %  sesame oil 7 . 0 %  sesame oil 

C r u d e  soft  oil ..................................................... 1 .2Y-24 .0R .................. 1 .2Y-24.0R 1 .................. 1 .0Y-16 .0R 1 .0Y-16.0R 1 .0Y-15.0R I 1 .0Y-15.0R 
Alkal i  neu t ra l ized  soft  oil ................................... 1 .2Y-23 .0R .................. 1 .2Y-23.0R I .................. 1.0Y-15.2tr  1 . 0Y - 15 .4~  1 .0Y-14 .5R I 1 .0Y-14,6R 
Bleached  soft  oil ................................................. 1 .2Y-21.2R .................. 1 .2Y-21.8R r 1 .0Y-14 .2R 1.0Y-14.51~ 1 .0Y-13 .SR ] 1 .0Y-14 .0R 
H a r d e n e d  oil ...................................................... 1 .1Y-17.8R .................. 1 .1Y-18.0R I 0 .9Y-12 .0R 1 .0Y-12 .6R 1 .0Y-12 .5R ] 1 .0Y-12.2R 
Bleached  h a r d  oil ............................................... 1 .0Y-15 .4R .................. 1 .0Y-16.8R 0 ,9Y-11 .0R 0 .9Y-11 .6R 0 .9Y-11 .2R 0 . 9 u  
Deodor ized  h a r d  oil, 1 5 0 ~  ............................... 1 .0Y-13 .0R . . . . . . . . . . . . . . . . . .  1.0Y-15 .0R 0.8Y- 9 .5R 0.8Y-10.0B, 0.8Y- 9 .8R 0,BY- 9 ,6R 

Fulmond  earth left hardly any of the specific mate- 
rial which responds to the Baudouin  test in the hard 
oil. In contrast to this the results obtained with B.C. 
Clay shown in Table IV  indicate very much less loss 
when this clay is used. Here the drop in Baudouin  
test is only 11.0 units  out of 24.0 when 0.5% clay is 
used and 5.2 units out of 15.0 when 0.1% clay is 
used. This indicates a nmch smaller amount of split- 
t ing of the sesamoline in the bleachers by the B.C. 
clay than by the Fu lmond  earth. 

Experiments  carried out on a laboratory scale cor- 
roborated the results obtained in the plant scale work. 
Examinat ion  of the data in Table II  shows that the 
decrease in the color of the oil, using 0.5% Fulmond  
earth, is identical with that when 0.5% B.C. clay is 
used (1 .3Y-0.1R),  but the decrease in Baudouin  test 
color was 3.6R for the Fu lmond  earth and only 0.5R 
for the B.C. clay. When 1.0% of clay was used, the 
changes in the color of the oils were again identical, 
but  the Baudouin  fall  was 6.5tr for the Fu lmond  
earth and only 1.61~ for the B.C. clay. It may  there- 
fore be inferred that the Fulmond earth is equal to 
B.C. clay in bleaching power, but its destructive 
effect on sesamolin is 3 or 4 times as great as that 
of B.C. clay. 

This great difference in the two earths with respect 
to Baudouin  fall, which is a vital factor insofar as the 
usefulness of a clay in the processing of Banaspati  in 
India is concerned, led us to test various other bleach- 
ing agents and carbons on a laboratory scale. On the 
basis of these tests we have divided the bleaching 
earths and carbons into two groups a) Tonsil A.C.A., 

Fuller,'s earth 311 C, Fuhnond  525 C, and Fil trol  
F.O., which are not suitable for  use in processing 
Banaspati,  and b) B.C. clay, Texas clay, Cron " A , "  
Nuehar (old sample), Norit  O.L.P., Darco 97, and 
Marco, which are quite suitable. 

We find that there is a relationship between the 
ratio of the decrease in the yellow color of the oil 
(Yh) and the Baudouin fall (Rb) for  a par t icular  
bleaching earth or carbon and its suitabili ty for  use 
in the manufacture  of Banaspati. For  all the unsuit- 
able earths or carbons Yb<Ri); for all those which 
arc suitable Y b ~ O r > R b .  This relationship is indi- 
cated in Figure 1. 
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This article outlines the relationship of Baudouin 
fall to bleaching action of various bleaching agents 
to determine their  suitability. 

In  general, the suitable earths and carbons are 
manufac tu red  in dollar areas which are inaccessible 
to Ind ian  importers  and manufac tu re r s  of Banaspati ,  
and those earths and carbons manufac tu red  in ster- 
ling areas, which are open to Indian  importers,  are 
unsuitable. This works a hardship  on Indian  manu-  
fac turers  of Banaspat i  as this product  is required by  
law to pass the Baudouin test. 

A comprehensive investigation of the effect of dif- 
ferent  bleaching agents upon the change in color of 
the oil and of the sesamol and color bodies adsorbed 
by  different earths is now being conducted by  the 
authors. 
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Catalysis of Fat Hydrolysis by an Acid Regenerated 
Cation Exchange Resin 
WILLIAM J. L. SUTTON and HAROLD E. MOORE, Capital City Products Company, Columbus, Ohio 

I O N - E X C H A N G E  resins have been used in recent 
years as catalysts in a number  of chemical reac- 
tions. An acid regenerated cation exchange resin 

(Zeo:Karb t I . )  was used by  Sussman (4) in 1946 as a 
catalyst  for  certain esterification and ester hydrolysis  
reactions. A cation exchange resin (Amberl i te  I.R. 
100) was investigated by  Thomas and Davies (5) in 
1947 and found to be an effective catalyst  for  ester 
hydrolysis. Levesque and Craig (2) have studied the 
kinetics of esterifieation by  a cation exchange resin, 
and in a recent paper  Schlenk and I to lman  (3) used 
an anion exchange resin to catalyze the methanotysis 
of triglyeerides.  I Iydrolys is  of triglycerides,  employ- 
ing an ion exchange resin catalyst,  has not yet  been 
reported.  

In  the Twitehell process of fa t  spli t t ing a mineral  
acid is used as catalyst. The use of a cation exchange 
resin catalyst,  instead of a mineral  acid, would have 
many  features  to recommend it. Corrosion of equip- 
ment  could be reduced, the resin catalyst  could be 
recovered and used again, and the acid-neutralization 
stage in the t rea tment  of the crude glycerol-water 
would not be necessary. F a t t y  acids produced by  fa t  
spli t t ing with mineral  acid catalysts are often dark 
in color, bu t  an ion exchange resi n catalyst  may  yield 
a l ighter  product.  

I t  was therefore considered of interest to investi- 
gate certain cation exchange resins as fa t  spli t t ing 
agents. This paper  describes the use of an acid regen- 
erated cation exchange resin (Dowex-50) as a catatyst  
in the hydrolysis of tallow. The propert ies  and oper- 
ating characterist ics of Dowex-50 have been described 
by  Bauman et al. (1). 

Materials 
The tallow samples used in this investigation were:  

a) a " s p e c i a l "  grade tallow, refined and bleached in 
the laboratory,  b)  a " s p e c i a l "  grade tallow, used 
without any fu r the r  t reatment,  and c) a No. 1 grade 
tallow. The catalyst  employed was an acid regener- 
ated cat ion exchange resin (Dowex-50, 200-400 mesh, 
12% cross links). The resin was weighed out in the 
moist condition and used in the hydrogen form. The 
fa t  spli t t ing reagent  employed was Petronate  L (low 
moleeular weight) ,  described by  the manufac tu re r  as 
" a  highly refined petroleum su l fona te . "  This reagent  
produces a good emulsion of the fa t  in distilled water  

and ensures int imate contact of these two components. 
Reagent  grade hydrochloric acid was used for  cata- 
lyst regeneration. 

Experimental Method 
In each experiment  the reaction mixture  consisted 

of 150 g. of tallow, 60 g. of distilled water,  and 2.50 
g. of Petronate  L. The amount  of water  used through- 
out this investigation was mainta ined at 40% of the 
weight of tallow. The resin was weighed out in the 
moist condition. Generally 4.50 grams of Dowex-50 
(200-400 mesh) were used as catalyst. This amount  
was 3% of the weight of tallow. 

The weighed amount  of resin catalyst  was placed in 
a li ter round-bottomed flask. The Petronate  L was 
dissolved in 60 g. warm distilled water,  and this solu- 
tion was poured into the flask. The tallow sample was 
heated on a steam ba th  until  liquid, and the liquid 
tallow poured into the flask. The contents of the flask 
were thoroughly :nixed by  careful swirling of the 
flask to produce a fa t -water  emulsion. This mix tu re  
of emulsion and resin catalyst  was now refluxed at  
100~ with continuous stirring' for  6 hours. S t i r r ing  
was discontinued af ter  6 hours, and the emulsion 
readily separated into two layers. The resin remained 
at the bot tom of the flask in the lower layer  of glyc- 
erol-water. F a t t y  acid and glyceroLwater  layers were 
separately  decanted off f rom the resin catalyst.  The 
resin particles were washed  in the flask with about 
500 rot. of distilled water. Af t e r  the resin particles 
had settled, the water  was decanted off. 

The yield of free f a t t y  acids (stated as % oleic 
acid) at the end of this first stage of the two-stage fa t  
split t ing operation was approximate ly  88%. The 
resin catalyst  was used in the second stage of the fa t  
split t ing operation without any fu r the r  t reatment .  

In  this second stage the glycerol-water was removed 
and replaced by 60 g. distilled water.  The reaction 
mixture was again refluxcd for  6 hours at 100~ At  
the end of the reaction f a t t y  acids, glycerol-water, 
and catalyst  were separated. The final yields of free 
f a t ty  acids (stated as % oleie acid) ranged f rom 96% 
to 100% in a number  of experimental  runs. No addi- 
tional fa t  spli t t ing reagent was required for the see- 
ond stage of the reaction. 

A 5 g. sample of f a t  was removed for  analysis for  
free f a t ty  acids. This f a t  was dried with Fu l l e r ' s  


