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MOLE % METHYL LAURATE IN LIQUID 

Fro. 6. Vapor composition vs. liquid composition for methyl  
laurate-laurie acid at 4 ram. pressure. 

Circles, experimental data. 
Solid line, calculated from Raoul t ' s  law. 

ideal data. Deviat ion factors  do not show any definite 
positive or negative t rend  f rom a value of 1.0, and the 
system can be said to obey Raoul t ' s  law at  a pressure 
of 4.0 ___ 0.2 mm. Hg.  

Conclusions 
The exper imenta l  vapor- l iquid equi l ibr ium data ob- 

ta ined with  a mixture  of methyl  esters, and  a mixture  
o f  a f a t t y  acid and the corresponding methyl  ester, 
were in agreement  with calculated Raoul t ' s  law data 
at  a pressure of 4.0 _ 0.2 mm. Hg. 

The system laurie aeid-myrist ic  acid was observed 
to be non-ideal or not obeying Raou l t ' s  law at a 
pressure of 4.0 ___ 0.2 ram. Hg.  An average rate  of 
po lymer  format ion  of 0.23% per  hour  a t  155-170 ° C. 
was determined for  mixtures  of laurie acid and  my- 
ristic acid. 

The above work shows the feasibi l i ty of obtaining 
useful  vapor- l iquid equi l ibr ium data  for  f a t t y  ma- 
terials a t  low pressures.  
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NomoSraphs for Determining Relat ive Bleaching 
Costs of Adsorbents 

R. B. LANGSTON and A. D. R I C H  
Filtrol Corporation, Los Angeles, Calif. 

O NE of the problems c o n f r o n t i n g  the refiner or 
chemist is to determine the relative meri ts  of 
various bleaching adsorbents.  I t  is f requent ly  

found,  for  example, tha t  the more expensive absorb- 
ents are more economical to employ because their  use 
effects a savings in handl ing costs and in lower loss 
of oil in the press cake. 

The accompanying monographs  offer a rap id  method 
for  evaluat ing these differences between bleaching ad- 
sorbents. Two operations are involved:  first, the deter- 
minat ion of cost of adsorbent  itself plus adsorbent  
handl ing cost, and  second, the determinat ion of value 
of oil lost in the press cake. The sum of these two 
items offers a basis f o r  compar ing adsorbents  and  is 
taken as the bleaching cost, Motive power and other 
costs incident to bleaching are assumed to be con- 
s tant  for  all adsorbents.  F o r  convenience the compu- 
tat ions are based upon bleaching one ton of oil. 

The procedure is as follows: 
(1) Cost of adsorbent itself plus adsorbent handling cost. 

Determine the cost of the adsorbent per ton as used. Add to 
this  the cost of handl ing one ton of adsorbent. T h e  example 
following il lustrates how the Cost of handl ing may be deter- 
mined. Any plant  can establish its own handling costs by 
subs t i tu t ing  in the example its specific conditions. 

(a) Unloading c a r - - t r u c k i n g  to storage and stack- 
ing. (Requires 8 tr ips for  one man, at  $0.70 per hour, 
handl ing 5 bags at  a time. Assuming 5 minutes  per 
round trip, this Would equal 40 minutes,  or) .................. $0.47 
(b) Trucking from storage to bleach tanks.  (Re- 
quires 8 trips for one man, at  $0.70 per hour, handling 
5 bags  a t  a time. Assuming  2 minutes  per round trip, 
this would equal 16 minutes,  or) ....................... ~ .............. $0.18 
(e) Opening bags and dumping into bleach tanks. 
(Requires  one man, at  $0.70 per hour, 20 minutes to .  
open 40 bags and dump into tank at ½ minute per 
bag, or) . . :  .............................................................................. $0.23 
(d) Dressing press. (Requires one man, at  $0.70 per 
hour, one hour to dress a 1,000-pound press, or about 
2 hours per ton of clay as charged) ................................ $1.40 
.(e) Opening and cleaning press.  (Requires one man, 
at  $0.70 per' hour, one hour to open and clean a 1,000- 
p o u n d  press, or about 2 hours per ton of clay as 
charged) ........................................ : ....................................... $1.40 

( f )  Trucking spent clay and bags away: (Requires 7 
trips for  one man, at  $0.70 per hour, handl ing 400 
pounds per trip. Assuming  5 minutes  per trip and 
2,800 pounds of used clay per ton of clay as ~charged, 
this  would equal 35 minutes,  or) ...................................... $0.41 
(Total  handling, 5.85 man-hours at  $0.70 per hour = 
$4.09) 
(Assuming i 0%  of the sum o f  the a b o v e  items for  
overhead, or) ................................. , .................. . .................... $0.41 
Total  Clay Handl ing Cos t  per Ton of C~lay as Charged..$4.50 
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Then, us ing Nomograph No. 1, extend a s t ra ight  line f rom 
the " P u r c h a s e  and Handl ing Cost per Ton of A d s o r b e n t "  
(A-axis) through the " A d s o r b e n t  D o s a g e "  (B-axis) .  The 
intersection with the C-axis gives the cost of adsorbent  itself 
plus adsorbent  handl ing cost based upon bleaching one ton 
of oil. 

(Example :  Cost of adsorbent as used is $52 per ton and 
cost of handl ing is $5 per ton. The sum is $57 per ton. Ad- 
s6rbent dosage is 1.00%. Extending a line f rom $57 on the 
A-axis through 1.00% on the B-axis gives $0.57 as the cost of 
adsorbent plus handling to bleach a ton of oil.) 

(2)  Vq.z~.e o f  oil l ~ t  ~ ~are~s ca~e~ 
Determine the oil retention of the press cake as per cent of 

the adsorbent  as charged. I f  the oil retention is calculated 
upon the basis of the spent cake (as is) ,  or upon the basis of 
the spent cake (dry basis) ,  employ whichever of the following 
formulae applies to convert the figure to the basis of adsorbent 
as charged : 

(a)  When oil retention is calculated on spent  cake 
(as is basis) ,  the oil retention basis adsorbent as 
charged : 

A(100-D) 

100-A-C 

(b) When oil retention is calculated on spent cake 
(on dry basis) ,  the oil retention basis adsorbent as 
charged : 

B(100-D) 

100-B 
where 

A ---- % oil retention of spent cake (on as is basis) 
B ~ % oil retention of spent cake (on dry basis) 
C ~ % moisture of spent cake 
D ~ % moisture of adsorbent as charged 

Then us ing Nomograph No. 2, connect a s t ra ight  line f rom 
" A d s o r b e n t  D o s a g e "  (upper side of D-axis) through " O i l  
Retention (Basis  Adsorbent as C h a r g e d ) "  (upper side of 
E-axis) .  This line will intersect the F-axis to give the pounds 
of oil lost i n  the press cake .  

Extend a line f rom this la t ter  point upwards through the 
" V a l u e  of Bleached O i l "  (lower side of E-axis) .  T h i s  will 
intersect the lower side of the D-axis to give the value of oil 
lost in the press cake. 

[Example:  Adsorbent dosage is 1.00%, oil r e t e n t i o n ( b a s i s  
adsorbent as charged) is 35.0%, a n d  value of bleached oil is 
J.5~ ~ pannd.._. Ex tend ing  a ~ :fr01~ I ~ Q ~ ,  ~ l O ~  
dosage on the upper side of the D-axis, through 35.0% oil re- 
tention (upper side of E-axis) ,  intersects the F-axis at  7. This 
is the pounds of oil lost in the press cake in bleaching a ton of 
oi !. Extending  a line upward f rom 7 on the F-axis through 15c, 
the value of the bleached oil, intersects the lower side of D-axis 
a t  $1.05. This is the value of oil lost in the press cake in bleach- 
ing a ton of oii.] 

The total cost of bleaching is taken as the sum of 
(1) the adsorbent and handling cost plus (2) the 
value of the oil lost in the press cake. (In the exam- 
ple, the total bleaching cost equals $0.57 plus $1.05, 
or $1.62 per ton of oil bleached.) 

When the adsorbent dosage is greater than that 
covered by the scale of the nomograph, divide the 
adsorbent dosage by two and double the resulting 
adsorbent purchase and handling costs. Use the same 
method when calculating the value of the oil lost in 
the press cake. A similar procedure can be employed 
when the dosage is less than that covered by the scale. 

Kinetics  of AntioxySenesis'  
C A L V I N  G O L U M B I C  2 

Biochemical Laboratory, State  University of Iowa 
I o w a  City, Iowa 

T HE oxidative deterioration of natural fats and 
oils can be inhibited by certain phenolic and 
acidic substances. Mattill (1) recently proposed 

a tentative classification of such inhibitors into two 
broad groups, antioxidants and synergists. The anti- 
oxidants are phenolic compounds which have a pri- 
mary  antioxygenic action; the synergists are usually 
di- and poly-basic acids which reinforce the effect of 
the phenolic compounds instead of acting directly. 

Upon exposure to air fats stabilized by antioxidants 
manifest a kind of behavior that is characteristic.of 
chain reactions. There is a latent period, called the 
induction period, during which the absorption of 
oxygen and the accumulation of peroxides are slow, 
followed sometimes rather abrupt ly  by a period of 
increasingly rapid oxidation. The induction period is 
generally attributed to a chain-breaking reaction be- 
tween the activated fat peroxides (the carriers of the 
chain) and the inhibitors present. 

Some idea of what may happen to antioxidants 
and synergists duri~lg the induction period has been 
gained from a series of kinetic studies on the oxida- 
tion of typical inhibitors in fat substrates (2, 3, 4, 5). 

The first study (4) dealt with the oxidation of syn- 
thetic a-toeopherol in an animal fat substrate. It was 

1Presented at the Conference on Problems Related toFa t  Deteriora- 
tion in Foods, under the auspices of the Committee on Food Research, 
Research and Development Branch, Military Planning Division, Office 
of the Quartermaster General in Washington, D. C., on June 21, 1945. 

2Present address: Department of Chemistry, University *of Pitts- 
burgh, Pittsburgh, Pennsylvania. 

found that tocopherol was rapidly oxidized through- 
out the course of the induction period of the fat 
substrate. Upon the complete disappearance of the 
tocopherol the induction period came to an end. At 
this point only about 30% of the initial tocopherol 
could be accounted for as tocoquinone. The further 
oxidation products have not been identified except in 
the case of 7-toeopherol (6), whose oxidation in fat 
substrates gives rise to a red chromane-5,6-quinone. 
This red ortho quinone had been isolated previously 
(8) from partially oxidized vegetable fats containing 
a native mixture of tocopherols and was found to 
possess some antioxygenie properties in contrast to 
tocoquinone, which has none. 

During the induction period of a hydrogenated 
vegetable fat (4), the chromane-5,6-quinone formed 
rather gradually and subsequently disappeared at a 
more rapid rate. Its rate of oxidation, however, was 
relatively slow in comparison with that of toeopherol. 
This difference in oxidation rates between the two 
inhibitors offers a plausible explanation for the ab- 
sence of a clearly defined induction period in vege- 
table fats. Organoleptic rancidity may appear in 
such substrates before there is a sudden increase in 
peroxide concentration. I t  was observed that perox- 
ide formation continued at a slow rate even after the 
disappearance of tocopherol and did not rise abruptly 
until the  concentration of chromane-5,6-quinone be- 
gan to diminish. The successive action of the two 
inhibitors present thus appears to cause a retarda- 


