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Continuous Countercurrent Vacuum Bleaching 
W. A. SINGLETON and C. E. McMICHAEL, Vototor Division, The Girdler Company, 
a Division of National Cylinder Gas Company, Louisville, Kentucky 

T O review bleaching practice i t  may be stated that  
by  far  the most nearly universally used means 
of bleaching vegetable oils is the use of adsorb- 

ents, such as ful ler 's  earth, the acid-act ivated earths, 
and activated carbon. I t  is with adsorbent  bleaching 
that  this paper  will deal. 

The oldest method of bleaching is practiced in open, 
steam-heated kettles equipped with mechanical agita- 
tors. The oil is heated to, or near, bleaching tempera- 
ture,  the required amount  of adsorbent is added, the 
mixture  is agitated for  a period of about 20 minutes 
while being maintained at the desired temperature,  
and the material  is pumped through a filter to remove 
the earth. This metho~l is still in use in many plants 
throughout  the country. A typical batch atmospheric 
bleaching system is i l lustrated in Figure  1. 

As pointed out by  King and Whar ton  (1),  an equi- 
l ibr ium exists between two factors favorable and two 
unfavorable in respect to color reduction. Of these 
four  factors, three are related to oxidation, two of 
which, oxidative increase in color and oxidative sta- 

bilization against adsorption, are unfavorable.  King 
and Whar ton  show that  lower colors invariably result 
when oxygen is excluded from the process. 

A large number  of the more reaent installations Of 
bleaching apparatus  are :designed to operate under  
vacuum, thus taking advantage of the beneficial effect 
of oxygen exclusion. The operation of batch vacuum- 
bleaching kettles is similar to that  of atmospheric ket- 
tles, except that  the vessel and agitator are designed 
to expose as much oil as possible to the surface and 
consequently provide efficient deaeration. The oil is 
usually cooled either before filtration or at  the dis- 
charge of a closed delivery filter to prevent  exposure 
of hot oil to the atmosphere. A typical  batch vacuum- 
bleaching system iSl i l lustrated in Figure  2. 

As would be expected, an important  advance in 
bleaching technology has been the development of 
continuous processing systems. There have been sev- 
eral such processes proposed. Probably  the one which 
has been in commercial operation for I the longest time 
is tha t  of "King et cd. (2).  This process involves con- 

~TIA~ #N , ? z 

I 

t ,4  

il I 
:: ,}: I1 } ~ L ~  ~ . . . . .  

II 

I 

FIG. 1. Batch open kettle-bleaching system. 
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FIG. 2. Batch vacuum-bleaching system. 

t inuously mixing the adsorbent with the oil f rom stor- 
age and spraying this. s lurry into the upper  portion 
of an evacuated, two-compartment tower. This serves 
to flash off air  and free moisture. The s lurry is then 
pumped through a heat exchanger, where it is brought  
up to the desired bleaching temperature  and sprayed 
into the lower section of the tower. The second spray- 
ing serves to release the " b o u n d "  moisture introduced 
with the earth. Af ter  a short residence time in the 
lower section, the s lurry is pumped out through two 
closed delivery filter presses in series for  earth re- 
moval, thence through a water-cooled heat exchanger 
to storage. 

A newer development which is believed to be a 
major  improvement over the other processes described 
is the Votator  continuous e o u n t e r c u r r e n t  vacuum- 
bleaching plant. A schematic flow diagram is given 
in F igure  3. This system employs c o u n t e r c u r r e n t  
contacting of oil and adsorbent  clay. The adsorbent 
which has reached equilibrium with respect to color 
adsorbing power with the effluent oil still has bleach- 
ing power for the darker  unbleached oil, and this 
residual bleaching power is therefore utilized in the 
countercurrent  system. 

In operation the oil to be bleached, which should be 
at  a temperature  of about  130~ is picked up by  
the charge pump (1) and sprayed into the bottom 
section of the process vessel (2), which is held at an 
absolute pressure of about 1.5 in. of mercury.  This 
spraying of the oil into a vacuum vessel is an efficient 
way of removing small amounts of water, dissolved 
and occluded air, and other gases usually contained 
in refined o i l .  A small amount  of sparging steam is 
introduced into this section to assist in the removal 

of water and gases. The rate of flow of oil is controlled 
by a flow controller on the charge pump discharge 
and controls the product ion rate of the system. 

The deaerated and dehydrated oil is then passed 
through all economizer (3),  steam heater (4), through 
a filter press (5) which contains part ia l ly  spent bleach- 
ing material, and through a back pressure valve (6) 
into the top section of the process vessel (7). A pre- 
determined level of oil is maintained in the bottom, or 
deaerating, section of the process vessel by means of 
a suitable level controller actuating a control valve 
on the discharge side of the first-stage filter pump. 

A side stream of bleached, effluent oil (8) (about 
10% of the throughput)  is continuously returned tc 
the clay s lur ry  tank (9),  measured through a flow- 
meter, and used for  s lurrying the clay used for the 
final bleaching step. The clay is metered into the 
s lurry  by  means of a calibrated feeder (10) so that  
any desired clay dosage can be used. This clay s lur ry  
(usually about 25% clay) is continuously drawn by 
vacuum through a spray nozzle (11) into the top sec- 
tion of the process vessel (7). The spraying action 
here removes from the s lurry  the air and water which 
has been introduced by  the clay. A small amount of 
sparging steam is introduced in this section to provide 
thorough agitation and to assist in removing air and 
moisture f rom ~he s lurry ~ntroduced in this top sec- 
tion. A steam coil is provided in this section to main- 
tain the oil at b leaching temperature.  The oil and 
earth are withdrawn from this section by  the second- 
stage filter pump (12) and passed through a second 
filter (13) for  clay removal, thence through the econo- 
mizer (3),  and after-cooler (14), and to bleached oil 
storage. When this filter has been filled with clay, 
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valves are manipula ted  to make it  the first-stage fil- 
te r ;  a clean filter is employed as the second-stage 
filter, and the one which has been the first-stage filter 
is removed f rom service and may  be blown, steamed, 
and cleaned to be used for  a second-stage filter later. 
Thus one filter is out of service at  all times, being 
cleaned or ready for  service, and there is no in ter rup-  
t ion to the process. 

The clay dosage is accurate and can be var ied in- 
s tant ly  without s topping the process. The operation 
is automatic  and requires only at tent ion time plus 
filter cleaning time. Feedstocks can be changed with- 
out fear  of contamination, and with a min imum of 
down time. All vessels can be pumped  clean and the 
heat  exchangers and  presses blown free of oil and 
drained. 

The advantages of this system are:  
a) economy of operation, 
b) improvement in oil quality, 
e) significant reduction in space requirements, 
d) automatic design features which make the system Mm- 

pie to operate, 
e) cleanliness of plant,  
f )  part icular  effectiveness in bleaching excessively dark 

oils, 
g) tentat ive approvM of 5s of B.A.L for alternatively 

processing animal and vegetable oils without intermedi- 
ate cleaning, and 

h) other merits of any continuous process. 

With the assistance of others we set about some t ime 
ago to develop and compile data, based on both pilot 
p lant  and commercial  p lan t  tests, to measure a) the 
advantages  of batch vacuum-bleaching over open ket- 
tle-bleaching and b) the advantages  of the Vota tor  
continuous countereurrent  vacuum-bleaching method 

over the conventional ba tch  vacuum system. Our find- 
ings indicate tha t  a bleached oil of superior  qual i ty  
can be produced at  lower cost by  the Vota tor  system 
than by  any batch method. The economic consider- 
ations will be presented first. 

Economic Evaluation 

There are several factors  which affect the economy 
of any  p r o c e s s i n g  p l a n t .  The most impor tan t  are 
a) operat ing costs, b)  space requirements,  and e) ini- 
tial investment.  

Operating Costs. A tabulat ion of the results of 
comparat ive  performance  tests by  open kettle-bleach- 
ing, batch vacuum-bleaching,  and  the Vota tor  contin- 
uous method is given in Table I.  

I t  will be noted tha t  the batch vacuum-bleaching 
method requires approx imate ly  16% less bleaching 
agent  to reduce the color of a given oil to a given 
level than  does the atmospheric method. As a conse- 
quence of the util ization of the residual bleaching 
power of the par t ia l ly  spent  earth,  a p p r o x i m a t e l y  
10% less adsorbent  is required to reduce the color of 
a given oil to a given level, by  continuous counter- 
cur rent  system than b y  the batch vacuum-bleaching 
system. Par t icu lar  a t tent ion is invited to the com- 
para t ive  ease with which excessively dark  oils are 
bleached by  the continuous countercurrent  method. 

Since the amount  of adsorbent  required to bleach 
a given oil to a given level is reduced, it follows that  
the gross amount  of oil retained in spent  adsorbent  is 
also reduced. I t  is well known among the processors 
of edible fa ts  and oils tha t  the pr incipal  saving re- 
sult ing f rom reduced adsorben~ dosage is in reduced 
oil losses ra ther  than  in the cost of adsorbent.  This 
reduction in oil loss becomes even more  impor tan t  
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FIG. 3. r o t a t o r  continuous countereurrent vacuum-bleaching system, 
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TABLE I 

R, esu l t s  of  C o m p a r a t i v e  B l e a c h i n g  Tes t s  ( B l e a c h i n g  E f f i c i e n c y )  

K i n d  A d s o r b e n t  
Colors  

of  B l e a c h i n g  L o v i b o n d  red  
oil  m e t h o d  

T y p e  D o s a g e  I n i t i a l  F i n a l  % 

B a t c h  o,p,eal k e t t l e  1.25 5.0 
SBO C o n t i n u o u s  co,unter-  N e u t r a l  10.5 

c u r r e n t  v a c u u m  0.675 3,5 

B a t c h  open  ke t t l e  1.0 5.5 
Batch ~ a c u u m  A c i d  0.5 6.4 

SBO C o n t i n u o u s  c o u n t e r -  a c t i v a t e d  23.0 
c u r r e n t  v a c u u m  0.5 4.6 

B a t c h  o p e ~  ke t t l e  1.0 2.8 
S B 0  B a t c h  v a c u u m  A c i d  1.0 2.1 

C o n t i n u o u s  c o u n t e r -  a c t i v a t e d  11.5 
c u r r e n t  v a c u u m  0.8 1.9 

B a t c h  o p e n  ke t t l e  1.0 3.5 
CSO B a t c h  v a c u u m  N e u t r a l  1.0 8.0 3.1 

C o n t i n u o u s  court,tot- 
c u r r e n t  v a c u u m  1.0 2.8 

B a t c h  o p e n  ke t t l e  2.0 2.4 
B a t c h  open  ke t t l e  1.0 3.3 

C'SO Batc~h v a c u u m  N e u t r a l  1.0 8.2 2,5 
C o n t i n u o u s  co,unter- 

c u r r e n t  v a c u u m  1.0 2.3 

B a t c h  o,pen ke t t l e  2.0 2.1 
CSO B a t c h  v,a c u u m  Neut:ral  1.5 2.1 

C o n t i n u o u s  c o u n t e r -  7.3 
c u r r e n t  v a c u u m  1.0 2.1 

B ~ t c h  ope~l ke t t l e  2.0 4.6 
B a t c h  v a c u u m  Ac id  2.0 12.3 4..1 

C'SO Continuous c o u n t e r -  ac t iva ted  
cun'ent  vacuum 1.5 2.6 

B a t c h  o p e n  ke t t l e  3.0 4.4 
CSO Batch v a c u u m  Ac id  2.0 4.0 

Cont inue ,us  c o u n t e r -  a c t i v a t e d  11.3 
c u r r e n t  v a c u u m  1.3 3.7 

when using acid-treated adsorbents which retain ap- 
proximately 6% by weight more oil than do neutral 
adsorbents. Also of importance  are reduc t ions  in 
press cleaning labor, cloth wear, handling, and stor- 
age, which result from smaller adsorbent dosages. 
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I~IG. 4. B l e a c h i n g  d i r e c t  o p e r a t i n g  c o s t s .  

Figure 4 shows graphically the relationship be- 
tween the direct operating costs of batch open ket- 
tle-, batch vacuum-, and continuous eountereurrent 
vacuum-bleaching plants. For this plot, reasonable 
values were assumed for the unit  costs of oil, ad- 
sorbent, labor, and utilities. The exact figures, of 
course, will vary from plant to plant and from time 
to time, but the comparison will hold approximately 

true when these costs are calculated for a specific 
instance. The factors taken into consideration in cal- 
culating these costs include labor, utilities, cost of 
adsorbent, cost of oil, and repairs and maintenance, 
but  do not include any fixed charges such as taxes, 
insurance, amortization, etc., which vary widely from 
plant to plant. 

From Figure 4 it is apparent that, at any capacity, 
an appreciable savings in operating coss will result 
from the continuous countereurrent system. In gen- 
eral, the saving will amount to about $0.03 per hun- 
dred pounds of oil processed over batch open kettle- 
bleaching, and about $0.02 per hundred pounds of oil 
processed over batch vacuum-bleaching. The savings 
increase as the production capacity increases, making 
the process even more attractive for larger producers. 
This decrease in operating cost with increased capac- 
ity is largely due to the fact that with the automatic 
features incorporated in the process, a plant of ex- 
tremely large size can be operated with little more 
labor than is required for a single batch kettle. 

Space Requirements. Since the capacity of batch 
systems can be increased only by install ing duplicate 
units, the floor space required increases very rapidly 
with increased capacity. 
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I~IG. 5. B l e a c h i n g  f l o o r  s p a c e  r e q u i r e m e n t s .  

Figure 5 shows the relative floor space require- 
ments of batch open kettle-, batch vaelmm-, and con- 
t inuous eountercurrent vacuum-bleaching plants of 
various sizes. In this figure no absolute values are 
are given on the floor space ordinate since the actual 
amount of space required depends to a large extent 
upon local conditions. With the eountercurrent sys- 
tem, savings in floor space are generally possible over 
equivalent batch bleach!ng capacity at production re- 
quirements of 10,000 pounds per hour or more. At a 
production capacity of 20,000 pounds per hour the 
space requirement for a continuous c o u n t e r e u r r e n t  
vacuum-bleaching system is roughly 75% of that for 
the batch system. This item can be extremely sig- 
nificant in increasing the capacity of already over- 
crowded plants or in new construction. 

Initial Investment. A comparison of the initial in- 
vestment, again expressed in units, for batch open 
kettle-, batch vacuum-, and continuous countercurrent 
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vacuura-bleaching plants  of various sizes is given in 
F igure  6. This comparison indicates tha t  the invest- 
ment  for  continuous countereurrent  vacuum-bleach- 
ing appara tus  is considerably greater  than  for  either 
of the batch methods at  product ion capacities of less 
than 10 tank cars per  day. In  the lower capacity 
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:~m. 6. B l e a c h i n g  i n v e s t m e n t  costs .  

ranges the difference is quite large. However,  consid- 
ering the savings in operat ing cost (neglecting floor 
space),  it can be proven tha t  even at the low produc- 
tion rate of 2 tank  cars per  day, replacement of batch 
open kettle-bleaching appara tus  with the continuous 
countercurrent  vacuum system will result  in an oper- 
at ing saving which will ret ire  the entire iuvestment 
in less than  four  years, or tha t  the choice of the 
continuous countereurrent  vacuum system over batch 
open kettle-bleaching for  a new installation of this 
capacity will pay  off the difference in investment  in a 
period of two years. At  a capaci ty of 15,000 pounds 
per  hour  (6 tank  cars per  day)  the operat ing savings 

over batch vacuum-bleaching will ret ire  the entire 
investment  in slightly over five years, or pay  off 
the difference in about one and one-third years. At  
this same capacity, savings over batch open kettle- 
bleaching will retire the entire investment  in about  
two and one-third years, or pay  off the difference in 
investment  in about  250 days. F igure  7 is a plot  of 
the time required for  the Votatov sys tem's  operat ing 
savings as compared to batch systems to ret ire the 
entire e q u i p m e n t  i n v e s t m e n t  of plants, of various 
capacities. F igure  8 shows the time required for  these 
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F]Q. 8. Time for operating savings to retire cost differential 
between continuous countercurrent and batctl bleaching systems. 

savings to pay  off the difference in investment  be- 
tween the Votator system and the two batch systems. 
Thus it is appa ren t  tha t  the continuous countercur-  
rent  vacuum-bleaching system definitely should not 
be ruled out economically even in the small plants  
where the investment  per  uni t  of capaci ty  is quite 
high compared with batch appara tus .  
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FIG. 7. Time for  ogerating s~vings over batch bleaching 
methods to reth'e entire investment of continuous counter- 
current plant. 

Q u a l i t a t i v e  E v a l u a t i o n  

The data in Table I I  give some of the qualitative 
results of comparat ive bleaching tests under  batch 
open kett le  a~ad continuous eountercurrent  vacuum 
conditions. 

I t  is an established fact  tha t  the free f a t ty  acid 
content of a refined oil f requent ly  increases, dur ing 
the bleaching operation. This can be a t t r ibu ted  to 
hydrolysis  of soap or neutra l  oil. In  the absence of 
moisture no hydrolysis  can take place. Thus if both 
the oil to be bleached and  the adsorbent  are thor- 
oughly dehydra ted  before rais ing the  oil t ob l each ing  
temperature ,  a marked  decrease in the amount  of hy- 
drolysis can be expected. I t  is also recognized tha t  
the use of adsorbent  earths with a low p t I  value 
accelerates this tendency toward  free f a t t y  acid rise. 

Examina t ion  of Table i I  shows tha t  there is sel- 
dom a significant increase in the F F A  content  in oils 
bleached by  the continuous eounte~current  vacuum 
method, and quite f requent ly  there is a significant 
decrease. This decrease is p robab ly  due to absorpt ion 
of the f a t t y  acids. This holds t rue  for  bleaching with 
ear ths  of low p H  as well as neut ra l  earths. Since to- 
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T A B L E  I I  

Resu l t s  of C o m p a r a t i v e  B l e a c h i n g  Tes t s  ( 0 i l  Qua l i ty )  

K i n d  of 
oil 

S B O  

S B O  

C S 0  

CS,O 

CSO 

C'SO 

Bleach ing  me thod  

Ba tch  open ket t le  
Ba t ch  v a c u n m  
Cont inuous  coun te r cu r r en~  v a c u u m  

Ba tch  open ket t le  
C!ontinuous c o u n t e r c u r r e n t  v a c u u m  

B a t c h  open ket t le  
Ba t ch  v a c u u m  
C~ontinuous c o u n t e r c u r r c n t  v a c u u m  

B a t c h  open ket t le  
B a tch va  c u u m  
C~ontinuous c o u n t e r e u r r e n t  v a c u u m  

B a t c h  open ket t le  
Ba t ch  v a c u u m  
Cont inuous  c o u n t e r c u r r e n t  v a c n u m  

B a t c h  open ket t le  
B a t c h  v a c u u m  
Cont inuous  c o u n t e r c u r r e n t  v a c u u m  

Cont inuous  e o u n t e r c u r r e n t  vacuum 

Type  of 
adso rben t  

Acid ac t iva ted  

Neu t r a l  

N e u t r a l  

N e u t r a l  

Acid ac t iva ted  

N e u t r a l  

I n i t i a l  

0.12 

0.09 

0.04 

0.04 

0.07 

0.06 

F i n a l  

0.15 
0.19 
0 .14 

0.08 
0.07 

0.05 
0.05 
0.05 

0 .04 
0 .04 
0 .04 

0 .07 
0.07 
0.08 

0.08 
0.08 
0.04 

0.035 
0.03 

P e r o x i d e  
v a l u e  of 
b leached 

oil 

Neu t r a l  
Acid  ac t iva ted  

Percent F F A  

23.6  
2.8 

10.4  
5.0 
0.2 

AO~I 
s tabi l i ty  
(ho,urs) 

9 
11 
14 

19 
21 

12 
14 
17 

11 
12 
13 

12 
14 
16 

8 
7 

12 

S B O  0.04 

0 .04 3.6 13 B a t c h  open ket t le  Ne.utral 0.07 
C'ontinuous c(>untercurrent  v a c u u m  0.03 0.3 15 

C S 0  
B a t c h  open ket t le  Acid  ac t iva ted  0.07 0.10 0 .4  14 
C'ontinuous c o u n t e r c u r r e n t  v a c u u m  0.06 0.1 16 

day ' s  marke t  demands the product ion of low color, 
low F F A  bleached oils, i t  is of p r i m a ry  importance 
that  the more efficient acid-activated earths which 
give a much greater  color reduction per  uni t  weight 
of adsorbent  can be used without  the increase in F F A  
content which usually at tends the use of these earths. 

The stabil i ty of v a c u u m - b l e a c h e d  oils has been 
shown previously (1) to be greater  than tha t  of open 
kettle bleached oils. This also is shown by  the data 
in Table I I ,  which indicate tha~ the stabil i ty of a con- 
tinuous eountercurrent  vacuum-bleached oil is about 
10% to 20% greater  than tha t  of the same oil bleached 
comparat ively  in atmospheric kettles. Also notable is 
the fact  tha t  the peroxide value of the continuous 
eountereurrent  v a c u u m - b l e a c h e d  oils average about  
15% of tha t  of the open kettle-bleached oils.. 

These effects are due, of course, to the efficient ex- 
clusion of air  f rom the oil and adsorbent  at elevated 
temperatures .  Since oxidation is effectively prevented,  
the tendency of the ear th to adsorb products  of oxida- 
tion results in an extremely low peroxide value in the 
bleached oil. Although the peroxide value is not neces- 
sari ly an indication of  the actual  stabil i ty of the oil 
(3),  it is cer tainly not without  meaning in two por- 
tions of the same oil bleached with the same earth 
under  different conditions. 

The re  has  p r o v e n  to be little difference iu the 
color s tabi l i ty  of vacuum-bleached and atmospheric- 
bleached oils. An illustrative set of data  f rom pilot 
p l a n t  o p e r a t i o n s  is given in Table I I I .  Qualified 
flavor panels have repor ted a marked  advantage in 

T A B L E  I I I  

]~esults of C o m p a r a t i v e  B l e a c h i n g  Tes ts  (Color R e v i s i o n )  
B leach ing  L i g h t  Cot tonseed Oil 

~Iethod 

Ba t ch  open ket t le  ................................. 
Ba t ch  open kett le. . . . . :  ........................... 
Ba t ch  v a c u u m  ...................................... 
Con t inuous  eo .un te rcnr ren t  v a c u u m  .... 
Con t inuous  c o u n t e r c u r r e n t  v a c n n m  .... 
Con t inuous  c o u n t e r c u r r a n t  v a c u u m  .... 

Clay 
(%) 

2.0 
1.O 
1.0 
1.0 
1.0 
1.0 

Bleached  Color a f t e r  
color 24 hrs .  a t  

(Lov ibond  212~ 
red )  ( L o v i b o n d  

red )  

2.4 2.1 
3.3 3,0 
2~5 2.3 
2.6 2.3 
2.4 2.1 
2.3 2.0 

flavor stabil i ty for  v a c u u m - b l e a c h e d  oils over open 
kettle-bleached oils. These results  indicate that  the 
oil f rom a vacuum-bleaching process is superior in 
many  respects to the same oil bleached in atmospheric 
kettles, and tha t  this oil can be produced using less 
adsorbent  by  countercurrent  contacting of oil and 
adsorbent.  

Summary 
The Votator  continuous e o u n t e r c u r r e u t  v a c u u m  

bleaching systeul has been described and compared 
with older methods of bleaching. Data  have been 
presented, compar ing the performance  of batch open 
kettle-, batch vacuum-, and continuous eountereurrent  
vacuum-bleaching systems. These data indicate tha t  
the vacuum methods of bleaching result  in a superior  
quali ty bleached oil with the use of less adsorbent.  
They also prove the value of eountereurrent  contact- 
ing of oil and adsorbent  as pract iced in the Votator  
system. 

The economic aspects of bleaching have been dis- 
cussed, proving tha t  the continuous e o u n t e r c u r r e n t  
vacumn-bleaehing system, due to its automatic opera- 
tion, compactness, and savings in adsorbent  operates 
at a considerably lower cost than either batch method. 
Da ta  have been offered to show the qualitative ad- 
vantages of vacuum-bleached oils over atnlospheric- 
bleached oils. 
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