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ABSTRACT 

A continuous vacuum bleaching process which has 
been in operation on a plant scale for eight years is 
described, and plant  scale re.suits are compared with 
atmospheric batch bleaching. Advantages of the con- 
timlous vacunnl bleaching process arc shown to be 
greater  color reduction, bet ter  stabil i ty against  oxi- 
dation, no free fa t ty  acid rise, greater  reduction in 
soap content, use of less adsorbent,  less subsequent 
catalyst  poisoning in hydrogenation,  and bet ter  flavor 
stabil i ty of subsequently deodorized oils. 

No comparison between batch vacuum and continu- 
ous vacuum bleaching is presented, but  the probable  
advantages  of the continuons process are deducted. 

~ C O N C L R R E N  I P A I  E ~  (1) by  the same authors 
~ - ~ o n  l a b o r a t o r y  studies of oxidation effects in 

adsorption bleaching of vegetable oils has been 
reeently published. This work may be summarized 
as follows: In bleaching fa t ty  oils an equil ibrium 
exists between two reactions favorable  and two un- 
favorable in respect to color reduction. Adsorpt ion 
of color and oxidative decrease in color are favorable.  
Oxidative increase in color and oxidative stabilization 
against  adsorption are unfavorable.  Adsorbents  are 
shown to catalyze these oxidative reactions. Under  
any  comparable set of conditions significantly lower 
colors result when b l e a c h i n g  is carried out under  
vaennm 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  vacunm conditions. Low 
p I I  clays respond bet ter  than high p I I  clays to vac- 
uum bleaching with respect to improved color re- 
moval and oil stabili ty.  

As a result of the beneficial effect of vacuum bleach- 
ing observed in the laboratory a vacumn bleaching 
s y s t e m w a s  designed and installed in the Sherman, 
Texas. plant  of Mrs. Tueker ' s  Foods inc., in 1940. A 
eontinuons ra ther  than batch procedure was adopted 
because the former  was considered to have certain 
advantages  to be discussed later. This plant  has been 
used eontimmusly for  the past eight years  in contiml- 
ous vaeumn bleaching of soybemt and cottonseed oil, 
and the data herein presented compare results of such 
processing with a t m o s p h e r i c  batch bleaching. No 
batch vacuum equipment  was available. 

The improved results of vaeumn bleaching depend 
pr imar i ly  on the efficiency of deaeration and dehy- 
dration of the oil-adsorbent s lur ry  before it is heated 
to bleaching tenlperatnre.  This deaeration and dehy- 
dration " i n  the co ld"  is accomplished much more 
effectively by  apply ing  a flashing principle of gas 
release in the continuous process than by subject ing 
large amounts to vaeumn as in the batch process. 

Principle of Flashing. The conditions necessary to 
completely deaerate and dehydrate  a s lur ry  of refined 
oil and absorbent  cannot be determined because ac- 
curate methods of analysis are not available for small 

1Presen ted  at  22nd  annua l  fall meet ing,  American ()il Chemists '  
Society, November 15-17, 1948, New York City. 

FEEDER REFiNEO 

SEGTION 

~ B.EACHING 
- -  $EGT~ 

BLE ACHED WATER TO O I L ~  

I~'I(~. 1. Continuous vacuum bleaching flow diagram. 

3 8 9  

quanti t ies of oxygen and moisture in such a mixture.  
Analogous e n g i n e e r i n g  and labora tory  studies on 
other problems of removal of gases from liquids indi- 
cate that  the complete removal of oxygen and water  
vapor  f rom oil-adsorbent s lurry  is a most difficult one, 
especially at low telnperatures.  This makes us feel 
certain that  a flash procedure, in which t i le  s lurry  is 
sprayed  into a vacuum chamber,  wouht be many  
times more efficient than merely agi ta t ing a large 
volume of s lu r ry  under  vacuum as is done ~n batch 
vacuum processes. 

The importance of the flash procedure can best be 
understood by considering numerous examples of the 
difficulty e n c o u n t e r e d  in relnoving soluble volatile 
compounds f rom oil.' The conditions necessary to re- 
move residual solvent f rom extracted oils by  distil- 
lation methods is a good example. In labora tory  tests 
500-gram samples of refined oil containing 1% of 
hexane were vigorously agi tated for 30 minutes at 
t empera tu re  of 220~ and pressure below 10 mm. 
IIg.  The oils average 0.25.% hexane a f te r  such treat-  
ment.  In  other tests we have found that at 250~ 
it is necessary to steam str ip refined oil containing 
hexane for several hours at pressure below 10 m m .  

f ig.  to eliminate detectable traces of hexane. As an- 
other example, it has been observed in the laboratory  
tha! volatile mater ia l  continues to escape f rom e x -  
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T y p e  of  A d s o r b e n t  U s e d  

N a t u r a l  C l a y  1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
N a t t t r a l  C l a y  1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
A c t i v a t e d  C l a y  1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
A c t i - ~ a t e d  C l a y  1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
A c t i v a t e d  C l a y  2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
~ k c t i v a t e d  C),ay 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
A c t i v a t e d  C l a y  2 p l u s  4 %  C a r b o n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
A c t i v a t e d  C l a y  1 p l u s  A c t i ~ ' a t e 4  C l a y  2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
G e n e r a l  A v e r a g e  ( 1 4  T e s t s )  . . . . . . . . . . . . . . . . .  v'='_'v:.'_'"'.'::::-"-::":"== .. . .  ._. 
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pressed refined oil a f te r  it is held several hours at 
tempera tures  of 250~ and pressure below 2 mm. 
Hg. Therefore,  it can be concluded that  it is quite 
difficult to remove even low molecular weight, low 
boiling volatile mater ial  f rom oils by  simple evapo- 
ration. Fur thermore ,  it is reasonable to assume that  
it wouhl be even more difficult in a s lur ry  of oil 
and adsorbent  since the adsorbents  commonly used 
in bleaching f a t ty  oils have a strong affinity for  
gases, water,  amt p robab ly  other volatile mater ial  
often present  in refined oils. The affinity for  gases 
by such adsorbents  is i l lustrated by  their  use in 
gas masks. 

Mechanics of the Process. A flow sheet of the con- 
tinuous vacuum bleaching process (2) is shown in 
F igure  1. Adsorbent  mater ia l  is proport ioned con- 
tinuously, by means of a screw type feeder, into 
refined oil f rom storage at an oil t empera ture  of 
approx imate ly  130~ The s lurry  of oil and adsorb- 
ent is sprayed  into a vacuum chamber  through a 
nozzle impinging upon a baffle plate, thus "f lashing 
of f"  gases and moisture dissolved in the oil, and 
adsorbed to the bleaching material .  The retention 
time in this deaeration and dehydrat ion chamber  is 
approx imate ly  seven minutes. The s lurry  is then 
pumped  through a heat exchanger where the tem- 
pera ture  is elevated to 220~176 and sprayed into 
a second chamber  where it is retained for approxi-  
mate ly  10 minutes. This second flashing into vacuum 
is for the purpose of removing gaseous products  of 
heat decomposition and " b o u n d "  water  released by  
heat. Tile hot s lur ry  is then pumped  through two 
closed filter presses connected in series and cooled to 
150~ before it is exposed to the air. The deaera- 
tion and bleaching chambers  are superimposed to 
conserve space, utilize a single vacuum system, and 
in general s implify design. The entire system is 
closed to atmospheric exposure f rom the time the 
cold unbleached oil enters the system until the cooled 
bleached oil is discharged. 

Two new continuous vacuum bleaching units are 
under  construction at the present  time. These units 
will be equipped with oil to oil heat exchangers to 
conserve heating steam and cooling water. The oil- 
earth s lur ry  will be sprayed  into the vacuum cham- 
ber throngil an improved nozzle design without im- 
pinging on a baffle plate because it is believed that 
the advantages  gained f rom the kinetie effec, t would 
be more than offset due to coalescence of dispersed 
droplets at the points of impact. Otherwise design 
and operation are essentially the same as in the origi- 
nal unit  except that  a luminum alloy filter presses are 
used instead of cast iron presses. 

Experimental Procedures. A limited number  of 
plant  runs  were made comparing the c o n t i n u o u s  
vacm,m bleaching procedure described above with 

the following atmospheric procedure. A pre-deter- 
mined percentage of adsorbent  was added to 60,000- 
to 90,0(}0-pound batches of refined oil in an open 
kettle equipped with a m e c h a n i c a l  agitator.  The 
s lurry  was heate, d to 220~176 with agitation and 
pumped directly through two closed filter presses con- 
nected in serie,s. The discharge f rom the presses was 
continuously cooled to 160~ or below by  means of 
a heat exchanger. 

I n  making a single comprehensive plant  test, a 
minimum of 100,000 pounds of oil is required, or 
200,000 pounds for a set of comparat ive tests. Even 
this quant i ty  is fa r  f rom sufficient to completely fill 
a press with spent adsorbent  material,  The only t rue 
plant  test requires that  the presses be c o m p l e t e l y  
filled with s p e n t  c a k e  where as much as 250,000 
pounds of oil per test is needed. This means that  
up to 500,000 pounds of oil is needed per single set 
of comparat ive  runs. Plant  experimertts, which re- 
quire one-fourth to one-half million pounds of oil, 
have to be made at the conveniene, e of the produc- 
tion d e p a r t m e n t ,  which has definite schedules to 
meet, and it is very seldom that  a set of comparative 
tests can be made on the same day or even on identi- 
cal oil. Therefore,  in some cases, more accurate in- 
formation can be obtained by comparing results over 
long periods of operation using the two different pro- 
cedures than on the basis of individual plant  tests. 

Scope of the Data. I t  is well known in the indus- 
t ry  that  p lant  results cannot be duplicated using 
labora tory  bleaching procedures because of the effect 
of a coated filter press on oil color. In large scale 
bleaching color is sometimes adsorbed not Olfly due 
to contact betwccn oil and adsorbent  in the bleach- 
ing chamber  but  also due to forcing the oil under  
pressure through a layer of adsorbent  material  caked 
on the press cloths. The effect of this " p r e s s  b leach"  
under  vacuum versus atmospheric conditions has not 
been ful ly investigated, but  it is known to occur to 
an appreciable  extent in most cases regardless of the 
type of p lant  methods. 

Plant  bleaching is an extreme example of labo- 
ra tory  sludies having limited application to plant  
conditions. Therefore, if the published scientific lit- 
erature  is to reflect practical aid to industry,  devi- 
ation from and liberties with the orthodox methods 
of presenting academic research work must  be taken. 
Since plant  c o n d i t i o n s  in this type of work c a n  
rarely ever be controlled to the satisfaction of " p u r e  
science," d e d u c t i o n s ,  extrapolations, opinion of ex- 
perienced observers, coupled with i n c o m p l e t e  data, 
must  all be used in some cases to arr ive  at practical 
conclusions. Wherever  such liberties are taken in 
this report ,  they are so indicated. 

Effect on Color Reduction. A total of 14 plant  tests 
were made comparing atmospheric batch bleaching 
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with continuous vacuum bleaching procedures. Re- 
sults are summarized in Table I. 

None of these tests werc made on the same day, 
and identical oils were used in only three compara- 
tive tests; once on refined cottonseed oil using acti- 
vated clay 2 and twice on refined soybean oil using 
a mixture of the two activated clays and activated 
(;lay 2 IflUS 4 ~  of an activate(] carbon. Results of 
all three of these tests were in favor of the continu- 
ous vacuum bleaehing procedure. Although identi- 
cal oils were not used for the ()tiler tests comparing 
atmospheric batch with continuous vacuum bleach- 
ins, the average refined color and official bleach eCor 
of the oils used in each method of bleaching was 
practically the same. Oils used in atmospheric batch 
bleaching average(] 35 yellow-8.0 red color and 20 
yelh)w-2.6 red official bleach. Oils use(] in continuons 
vacuum bleaching averaged 35 yellow-7.8 red color 
and 20 yellow-2.6 red official bleach. 

These data show a definite advantage for continu- 
ous vacuum bleaching over atmospheric batch pro- 
eedures. Tile a d v a n t a g e  ix greater when low p l l  
clays are used as the adsorbent. 

The oils used in making these tests were refined 
from mixtures of several tank car s h i p m e n t s  of 
ernde oil and were withdrawn from refined oil stor- 
age tanks after varying storage periods. Therefore 
no comparison can be made between the relative effi- 
eieney of eontimlous vaennm bleaching on good and 
poor quality oils. 

Effect Or Bleaching Economy. The average of the 
data from Table I, which represents the bleaching 
of approximately three million pounds of oil, is in- 
terpreted to a eolnmon residual color of 3.0 red, by 
means of adsorption isotherms olotted from labora- 
tory data, and shown in Table II .  

T A B L E  I I  

cA, A d s o r b e n t  Colo : ' -Red  

A im.  Vae .  A i m .  "Vac. 

A v e r a g e  d a t a  (Tabh ,  I )  .................... 1.37 1 .16  3.2 2 .9  
Tn. terpreted. : . : . :  ......... : . :  ............... ~ . .  .... 1 .45  1 .12  _ _  3.0 

These data show a reduction in adsorbent usage 
of 23% when the c o n t i n u o u s  vacuum process was 
used as compared to the atmospheric batch process. 
As all plant managers know, the main cost saving 
ill reduced earth (]()sage is nut in the cost of the 
earth itself 1)ut in the reduction of the cost of the 
oil retained in the spent earth. 

Effect of Oil Stability. Stability tests were made. 
using the so-called Swift method, on a composite sam- 
ple of all of the plant tests previously referred to. 
Average results are given in Table I I I .  

Tlle average reduction in oil stability was 20% in 
atmosDheric and 7 ~  in continuous vacuum bleacll- 
ing. This shows an advantage of 13C/c in favor of 

T A B L E  I I [  

K i n d  of  Oi l  

C S O  ........................ 
S i l O  ....................... 

A v e r a g e  .............. 

Almos?aherie Ba tch  
Bleached 

S t a b i l i t y  S t a b i l i t y  of  
R e f .  Oil  B1. Oi l  

hoar.~ htnlrs 
14.1 11.5 
13.2 10.5 

13.65 11.0 

Conl lnuou s V a c u u m  
B l e a c h e d  

St a b i l i t y  S t a b i l i t y  of  
Re f .  Oil  B1. Oi l  

hours hours  
13.4 12.5 
13.0 12.0 

13.2 12.25 

ttle latter procedure. The effect of each of the three 
types of adsorbent use(] in the plant tests on Swift 
Stability is given in Table IV. 

It  is interesting to note that the natural clay, which 
responded least to vacuum bleaching in regard to 
eoh)r reduction, also cause(] the greatest reduction in 
oil stability. The most likely explanation is that oxy- 

T A B L E  I V  

[ [ % R e d u c t i o n  in  Oi l  S ta -  
b i l i t y  D u r i n g  B l e a c h i n g  

T y p e  of  A d s o r b e n t  U s e d  [ ] _ _  _ _  
I pIIo~ ] Atmos-I Continuous 

_ _  __1 A d s o r b e n t ]  p h e r i c  [ V a c u u m  

N a t u r a l  ( ] lay ...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  / 6 .5  ~ 21 14 
A c t i v a t e d  C lay  1 ...... . . . . . . . . . . . . . . . . . . . . . . . . . . .  | 3 .6  [ 15 I 4 
A c t i v a t e d  Clay  2 ...... . . . . . . . . . . . . . . . . . . . . . . . . . . .  " :1.2 25 I 4 

gen adsorbed to this clay is more strongly bound than 
that adsorbed to the activated clays tested. 

Effect on Free Fatty Acid Rise. Theoretically no 
free fat ty acid rise can oe(;ur in bleaching a com- 
pletely dry oil witlt a completely dry adsorbent mate- 
rial because no hydrolysis of soap or neutral  oil can 
take place ill the absence of moisture. Ilowever, some 
moisture is nsually present in refined oils and in the 
adsorbent materials used for bleaching, and conse- 
qnently, some hydrolysis usually takes place. Aver- 
age free fa t ty  acid content of the oils used in these 
plant tests, before and after  b l e a c h i n g ,  with eaeh 
of the three clays in a t m o s p h e r i c  and continuous 
vacnnm ntethods is shown ill Table V. The soap con- 
tent of the unbleached oils used in these tests aver- 
aged slightly over 100 parts per million. 

T A B L E  

P e r c e n t a g e  F r e e  Fa  try A c i d s  
T y p e  of  Ad- p I I  o f  . . . . . . . . .  

s o r b e n t  U s e d  C lay  O r i g i n a l  X.tm. B1. O t i s ] n a i l  Vac .  BI. 

N a t u r a l  C lay  .................. I 6 .5  I ,070  .070 .065 I .060  
A c t i v a t e d  C l a y l  ............ 3 .6  : .063 I .o73 .117  .113 
A c t i v a t e d  C l a y 2  ............. "1.2 I .087 I . l i t  I .090 .093 

These data show there is a significant advantage 
of continuous vacuum bleaching over atmospheric 
bleaching from the s t a n d p o i n t  of free fa t ty  acid 
rise in bleaching when low p t I  value adsorbents are 
used. It shonld be observed that no significant in- 
crease in fa t ty  acids occurred during c o n t i n u o u s  
vacuum bleaching regardless of p l I  value of the 
adsorbent. 

Effect on Soap Conte,nt. The average soap concen- 
tration in oils bleached by the continuous vacuum 
versus atmospheric batch method is given in Table 
VI. 

T A B L E  V I  

- -  P . P . M .  P . P . M .  S o a p  i n  
�9 . ] Sea l )  in  I B l e a c h e d  Oi l  

B l e a c h i n g  P r o c e a u r e  Re f  Oi l  - - -  
( A~x:g. ) I n i g h  L o w  A v e r a g e  

B a t c h  A t m o s p h e r i e .  ............ I 103  55 14 B2 
C o n t i n u o u s  V a c u u m  .......... I 114  I 20 I 3 I 15 

These data show that continuous vacuum bleach- 
ing is decidedly beneficial in regard to soap removal 
flora refined oils. This benefit is no doubt due to 
superior dehydrat ion of the oil and adsorbent. A com- 
p l e t e ly  dehydrated soap is insoluble in oil whereas a 
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hydra ted  soap appears  to be somewhat soluble even 
in a d ry  oil. 

Effect  on Hydrogenat ion Catalyst. Since soap is a 
catalyst  poison, it would be expected that  vacuum 
bleaching wouht increase the active life of nickel cata- 
lyst used in hydrogenat ion of bleached oils. This is 
shown to be t rue f rom studies of catalyst  usage for  
a period of several months in which a continuous 
atmospheric system was used for  bleaching versus a 
similar  period a f t e r  the continuous vacuum system 
was put  in operation. The quant i ty  of catalyst  con- 
sumed per uni t  weight of oil hardened to a definite 
iodine value reduction and, mainta in ing the same 
rigid manufac tu r ing  s tandards  as to selectivity, was 
approximate ly  25% less on the vacuum bleached oil. 
There is little doubt  tha t  this benefit is due prin-  
cipally to soap removal,  but  it may  be due in pa r t  
to improved oil stabili ty.  

Effect on Flavor Stabil i ty.  Since oxidation of the 
oil dur ing bleaching is significantly reduced and the 
stabil i ty of the bleached oil to subsequent oxidation 
is significantly improved in vacuum b l e a c h i n g ,  it 
seems almost certain that  some improvement  in flavor 
characterist ic of the subsequently processed bleached 
oil should result. We are ra ther  well convinced that  
continuous vacuum bleaching improves flavor and 
flavor stabil i ty of deodorized oils to a marked extent. 
This opinion is, however, based more on comparison 
between deodorized oil qual i ty  before and a f te r  the 
continuous vacuum system was put  in operation than 
on results of individual  tests. Oil flavor is such a 
nebulous characterist ic that  a reasonably accurate 
opinion can be formed only a f te r  accumulat ion of a 
relatively large amount  of data and experience. 

Only two c o m p a r i s o n s  have been made under  
controlled conditions between identical oils atmos- 
pherical ly batch bleached versus continuous vacuum 
bleached, in which the oils were kept  separate  through 
hydrogenat ion a n d / o r  deodorization, These tests were 
made on a refined soybean oil, and the same percent- 
age of an act ivated clay was used in both bleaching 
procedures. The vacuum bleached oils, both unhard-  
ened and  hydrogenated,  were decidedly superior  to 
the corresponding atmospherical ly bleached oils in 
flavor stabil i ty a f te r  deodorization. 

A limited number  of tests have been made in our 
own and other laboratories  compar ing plant  proe- 
esse(t samples of continuous vacuum bleached oil with 
identical oil open kett le bleached. ()~l these samples 
subsequent hydrogenat ion and deodorization was (lone 
in the various laboratories.  Results of some of these 
tests showed the vacuum bleached oil to be decidedly 
superior.  Other tests showed no significant difference. 
Results are inconclusive but  are in favor  of vacuum 
bleached oil. 

Batch, Vacuum Versu, s Continuou, s Vacuum Bleach- 
ing. Since no plant  e q u i p m e n t  for  batch vacuum 

bleaching was available, no direct comparisons could 
be made of continuous versus batch vacuum bleach- 
ing. i Iowever,  it is reasonable to deduct that  the con- 
tinuous process wouhl have the following advantages 
over batch vacuum procedures for large scale bleach- 
ing although the magni tude of the difference is not 
known : 

1. More complete deaeration and moisture removal 
because the oil-adsorbent mixture  is flashed into a 
vacuum oh_amber below bleaching temperature .  

2. The contact time between oil and adsorbent  is 
great ly  reduced and the effect of residual oxygen oil 
oxidation of the coloring mat te r  is minimized. 

3. The b l e a c h i n g  operation can be much more 
closely controlled, p robably  affecting e c o n o m y  of 
bleaching. The quant i ty  of adsorbent  may be in- 
creased or decreased at any time dur ing operation, 
to adjust  and mainta in  a desired color effluent with 
a min imum of adsorbent.  

Summary 
A continuous vacuum bleaching method which has 

been in operation on a commercial seale for a num- 
ber of years  is described. The fundamental  principles 
in this process are:  

1. Deaeration and dehydration of the oil-adsorbent mixture 
in the cold by continuously flashing the slurry into a 
vaemm~ to remove moisture and oxygen prior to bleaching. 

2. Fur the r  dehydration and degasifieatiou af te r  heating to 
bleaching temperature  by continuous flashing into a vac- 
uum to remove bound water  and gaseous products of 
decomposition. 

3. Maintaining a closed system throughout  the process to 
avoid atmospheric contact f rom the time the cold refined 
oil enters to the time the cooled bleached oil leaves the 
system. 

This process is shown to have the following ad- 
vantages over atmospheric open kettle bleaching: 

1. l,ower ble'tched oil colors. 
2. A more stable oil to oxidation and flavor reversion. 
3. Free f a t ty  acid rise in bleaching is eliminated. 
4. A greater  reduction in soap content in oil. 
4. Use of less adsorbent.  
6. l,ess subsequent catalyst  poisoning in hydrogenation. 
7. Better  flavor stabil i ty of subsequently hydrogenated and 

deodorized oils. 

Although direct c o m p a r i s o n s  were not made be- 
tween batch va('mun bleaching and continuous vac- 
mini bleaching, it is deducted that  the above ad- 
vantages would be apparen t  for vacuum bleaching 
continuously although p robab ly  not of as a great  a 
magnitude.  
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