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Use of the Multistage Countercurrent 
Contactor For Degurnming and 

Refinint of Vegetable O i | s  1 

T 
HE I~E~OVAI, O,F Gu51s (phosphatides) and certain other non- 
triglyceride impurities from vegetable seed oils has been 
practiced for many years in the edible and inedible oil 

industries. The process generally employed consists of mixing 
water with the oil (for degumming) or caustic soda (for refin- 
ing) and then separating the added phase centrifugally. Fur- 
ther steps in the refining process are water-washing to remove 
dissolved soap, vacuum-drying, and bleaching. 

This paper describes the use of a centrifugal countereurrent 
multistage extractor, which carries out the degumming or re- 
fining process with lower centrifugal force than is used in 
conventional centrifuges and yet gives more complete removal 
of gums or soaps, with lower initial outlay and lower cost for 
operation and maintenance. Data are given for installations 
handling edible and inedible vegetable oils. 

The good results are attribut~lble to radical differences be- 
tween the multistage contaetor and the usual centrifugal oil 
refining equipment. These are made clear by the following 
brief excursion into the theory of centrifugal separation. 

Theory of Centrifugal Separation (2) 
A particle in a flowing stream of liquid, acted on by an 

external force, will be removed from the stream if  the velocity, 
V~ (determined by the throughput and diameter of the con- 
ducting passage), is sufficiently low for the settling velocity, 
V~, to bring the particle through the settling distance, S, 
before it has been swept on out in passing through the travel 
distance, Y (Figure 1). 

V c -  VELOCITY 

V s -  SETTL ING VELOCITY 

S - SETTLING DISTANCE 

Y - TRAVEL DISTANCE 

T s -  SETTL ING TIME 

FIG. 1. Theory of centrifugal separation. General design 
hollow bowl centrifuge. 

The limit for  settling out such a particle is that its settling 
time, T~, through the settling distance, S, shall be just  equal 
to, or less than, the time, T¢, required to move through the 
travel distance, Y. 

S Y 

V~ V¢ 

Limiting V¢, and simplifying, we obtain the equation: 

¥o ~ Y V~ 
S 

Therefore clarifying throughput capacity is directly propor- 
tional to the travel distance, ¥ ,  and inversely to the settling 
distance, S. 

Centrifuge Design 
Hollow bowl centrifuges were the first type developed. They 

are relatively sinlple in design and, when built in long tubular 
form of small diameter, allow the use of high centrifugal 
force with reasonable ratio of travel to settling distance (Fig-  
ure 2). Centrifuges of this type have however the following 
inherent limitations: 

1. The settling distance must be nearly equal to the radius 
of *~he tubular bowl. 

1 Presente:d before the American Oil Chemists' Society, Houston, Tex., 
April 23, 1956. 
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FIG. 2. General design of tubular centrifuge. 

2. The liquid, entering at the center, is at first exposed to 
only a small percentage of the centrifugal force available 
at the periphery of the bowl. 

3. Any sediment collecting on the inside of the bowl de- 
creases settling distance and reduces the maximum cen- 
trifugal force on the liquid. I t  reduces holdup, which, 
with constant liquid velocity, also reduces the time of 
exposure to centrifugal force. 

4 .  Extremely high centrifugal force is necessary to maintain 
efficiency of separation. 

5. As single machines of high capacity are not feasible, mul- 
tiple installations are necessary. 

6. The necessity of operating at tremendous speed results in 
high maintenance costs. 

In another widely used type of centrifuge the separating 
chamber is a bowl containing cone-shaped discs with thin 
spacers which produce very shallow settling Spaces. The liquid 
is subjected to long travel with guided flow and moves with 
a moderate velocity. Centrifuges with this type of bowl also 
have several disadvantages. The bowl is heavy, has an ob- 
jectionable number of internal parts to be handled and cleaned, 
is expensive, and has high maintenance cost. Like the tubular 
form of machine, the capacity of a single unit is limited, mak- 
ing multiple installations necessary. 

Multistage Countercurrent Contactors 
Countercurrent centrifugal contaetors, specially designed to 

handle fa t ty  oils and known as Duozons, make the most effec- 
tive use of centrifugal force of any machine yet devised. The 
settling distance, S, is very small compared with the travel 
distance, ¥ .  Of particular importance is the fact  that  the 
direction of travel is separated by 180 ° from the direction of 
settling, in contrast with the conventional centrifuge where 
Y and S are separated by 90 °. The travel distance ¥ may be 
increased, keeping the same S distance, by increasing the 
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FIG. 3. General design of Podbielniak Duozon. 
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d iamete r  of  the  rotor  w i th in  the  l imi ta t ions  of  al lowable r ,p.m. 
and  re ten t ion  t ime  ( F i g u r e  3) .  

The Duozon cons is t s  essent ia l ly  of  a hor izonta l ly  posi t ioned,  
to ta l ly  enclosed rotor,  m o u n t e d  on a s h a f t  wi th  heavy  du ty  
ball  bea r ings ,  force-feed lubr ica ted .  I t  is cons t ruc ted  of s ta in-  
less steel with  heavy  welded steel  base  a n d  rotor  cover. In s ide  
the  ro tor  a re  m a n y  con tac t i ng  e lements  which provide fo r  in t i -  
ma t e  m i x i n g  coupled wi th  low" l iquid veloci ty a n d  control led 
se t t l ing  rates .  The  m a n y  con tac t i ng  e lements  provide several  
t imes  as much  coalescing su r f ace  p e r  un i t  volume processed 
as do convent ional  cen t r i fuges .  

The  heavy  l iquid and  l igh t  l iquid a re  kep t  s epa ra t e  by 
p ressure  ba lanced mechanica l  seals ,  two on each side of  the  
rotor.  These  seals  a re  des igned  for  p res su res  u p  to 700 p . s . i .  
and  t e m p e r a t u r e s  of  300 ° F .  

Des ign  fac to r s  have  been worked out  which allow re ten t ion  
of the  a d v a n t a g e o u s  charac te r i s t i cs  of  c en t r i f uga l  con tae tor :  
h igh  ra t io  of  ho ld ing  t ime wi th  low flow rate ,  h igh  ra t io  of  
t ravel  t ime  to se t t l i ng  t ime,  and  effective opera t ion  wi th  rela- 
t ively low grav i t i e s  by  mach ines  o f  a n y  prac t icab le  size. 

The  opera t ion  o f  the  mach ine  when  used  as  a coun te rcu r ren t  
l iquid contac tor  ( F i g u r e  4) is as  follows. The  l igh t  l iquid 

FIG. 5. I n s t a l l a t i o n  of Duozons  and  wa te r -wash  H y d r a z o n s  
a t  the  A. E.  S ta ley  p lant .  

FIc~. 4. F low of  f luids in  the  Duozon m u l t i s t a g e  coutactor .  

en te rs  t h r o u g h  the  s h a f t  and  is d i rected to the  outer  pe r iphery  
of the  rotor.  The heavy  l iquid en te r ing  t h r o u g h  the s h a f t  a t  
the  opposi te  side is d i rected to the  center  of  the  rotor.  Cen- 
t r i f u g a l  force moves  the  heavy  l iquid outward ,  a n d  i t  d isplaces  
the  l i gh t  l iquid toward  the  center  o f  the  rotor .  The  con tac t i ng  
e lements  a re  so des igned  t h a t  pa s sage  t h r o u g h  the orifices 
provides  m u l t i s t a g e  m i x i n g  and  separa t ion .  

W h e n  a semi-solid,  such as soapstoek,  is processed,  i t  coa- 
lesces on the  inne r  su r faces  of  the  con tac t ing  e lements  a n d  as  
i t  increases  in  amoun t ,  moves  to the  outer  pe r iphe ry  of the  
rotor,  where  i t  depos i t s  on the  V-shaped  annu lus ,  which directs  
i t  to the  spill-over s ides  o f  the  rotor,  whence i t  moves  to the  
s h a f t  and  is d i scharged  t h r o u g h  a sea l - sha f t  annu lus .  

The  l igh t  l iquid  moves  t h r o u g h  the  con tac t i ng  e lements  to- 
wa rd  the  s h a f t  and  is d i scharged .  A back  p ressu re  r egu la to r  
au toma t i ca l ly  m a i n t a i n s  a p res su re  on the  l i gh t  l iquid a t t emp t -  
i ng  to leave. The  effect o f  th i s  p ressure  i s  to control  the  posi- 
t ion  of  the  i n t e r f ace  ( i t  is comparab le  to the  r ing  d a m  i n  an  
o rd ina ry  cen t r i f uge )  s e p a r a t i n g  l i gh t  and  heavy  liquid,  e.g., 
oil a n d  soapstock,  in the  rotor.  The  pos i t ion  o f  the  i n t e r f ace  
can  be  var ied  a t  will while the  mach ine  is opera t ing .  

Degumming and Refining Soybean Oil 
The  A. E.  S ta ley  M a n u f a c t u r i n g  C ompany  in Deca tur ,  Ill., 

h a s  m a d e  extens ive  use  of  t he  Duozon  in  d e g u m m i n g  soybean  
oil. A pi lot  p l a n t  ex t r ac to r  was  used  in  deve lopment  work. 
The  mach ine  had  a ro tor  1 in. wide and  25 in. in  d iamete r  
and  was  des igned  for  a t h r o u g h p u t  of  1 gal.  per  m inu t e  
(500 ]bs. per  h o u r ) .  A series of  t e s t s  was  made  in  which 
t h e  water-oi l  rat io,  t empera tu re ,  back-pressure  a d j u s t m e n t ,  
a n d  speed were var ied  in order  to de te rmine  o p t i m u m  opera t -  
i ng  condi t ions .  

A t  flow ra tes  up  to 3.5 gal.  per  m i n u t e  and  water  ra tes  
previously  used  the  p roduc t s  ob ta ined  were be t t e r  t h a n  those 
f rom the  ex is t ing  cen t r i f uge  ins ta l la t ion .  The leci thin ob- 
ta ined,  as shown in Tab le  I, h ad  abou t  70% acet0ne- insoluble  
( d ry  ba s i s ) ,  and  the  d e g u m m e d  oil had  as  low as  0.11% Gard-  
ner  break.  A t  a t h r o u g h p u t  of  2 g . p . m ,  resu l t s  super ior  to 
previous  cen t r i f uge  opera t ions  were ob ta ined  wi th  a wa te r  
t r ea t  cons iderably  below the no rma l  figure of  1.6~/~. 

TABLE I 
Duozon Soybean Oil Degumming 

Analysis of Wet Gum 

Oil Rate 1.0% Treat 1.2% Treat 1.4% Treat 1.6% Treat 

g.p.m. H_,OAI(DB) a H2OAI(DB) H2OAI(DB) H2OAI(DB) 

% % % % % % % % 
1,0 24.0 71,8 30.6 69,8 34,2 68,6 32,0 69.9 
1.5 25.0 71,0 27.4 69,7 31.5 68.7 32.7 67.5 
2.0 21.6 73.6 23.5 70.7 29.1 69.3 29.6 68.9 
2.4 21.4 71.8 22.4 69,8 26.1 69.1 30.5 66,4 

Gardner Break on Degummed Oil 

GB b GB GB GB 

% % % % 
1.0 .16 .19 .12 .12 
1.5 .15 .13 .17 .12 
2,0 .30 .11 .10 .13 
2.4 .25 .15 .12 .11 

a Acetone Insoluble (Dry Basis). 
b Gardner Break. 

A t  the  conclusion of pi lot  p l an t  t e s t i ng  in Ju ly ,  1953, Sta ley 
engineers  repor ted  t h a t  " t h e  t e s t s  indica te  t h a t  the  Duozon 
can  be used  qui te  successfu l ly  in  the  d e g u m m i n g  of soybean  
o i l . "  I n  an  economic survey  which they s u b m i t t e d  to the  
execut ive  commi t tee  o f  th i s  company ,  the  fo l lowing a d v a n t a g e s  
o f  use  of  the  Duozon over prev ious  opera t ions  were empha-  
s ized:  h ighe r  t h r o u g h p u t  wi th  g iven  capi ta l  i n v e s t m e n t ;  g u m s  
of  h ighe r  ace tone - inso lub le  va lue ;  more  nea r ly  con t inuous  
opera t ion,  wi thou t  periodic s h u t - d o w n s  for  c l ean ing ;  lower 
ope ra t ing  and  m a i n t e n a n c e  cos t s ;  more  au toma t i c  operat ion,  
r equ i r ing  less a t t e n t i o n  f r o m  the  opera tor .  

On  the  bas i s  of  the  extens ive  t e s t  work  the  S ta ley  company  
pu rchased  in  1953 a p roduc t ion  size un i t  fo r  wa te r  degum-  
m i n g  of  soybean  oil. I t  h ad  a ro tor  15 in. wide an d  36 in. 
in d iameter .  The  r a t ed  capac i ty  was  10 t a n k  cars  per  day  of  
crude t h r o u g h p u t .  I t  was ins ta l led  wi th  au toma t i c  control  
equ ipment .  

A ca re fu l  eva lua t ion  was m a d e  of  th is  m a c h i n e ' s  pe r fo rm-  
a n t e  on wa te r  d e g u m m i n g  of soybean  oil. One sus t a ined  run  
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of four mon ths '  duration was made without interruption for 
maintenance or cleaning. At the same time development work 
was carried out on a unique degumming process with the pilot 
plant extractor. On the basis of the production experience 
and the pilot plant  experience, one additional Duozon and two 
water-washing mult is tage centr i fugals  (Hydrazons)  were pur- 
chased. In  February,  1956, these machines were placed on 
stream, water degumming and water washing soybean oil di- 
rectly into an oil suitable for bleaching and deodorizing with- 
out caustic refining. The physical chemistry of the process 
was described in the paper Hayes and Wolff presented at  the 
A.O.C.S. Meeting in Houston, Tex., April 24, 1956. P lan t  
operational details will be the subject of a later paper. The 
plant  installation is shown in Figure 5. 

Other Applications 
Caustic refining of extracted degqlmmed soybean oil and of 

crude soybean oil and cottonseed oil with the Duozon has 
been carried out by another refiner. While a complete report 
will not be available until  a later date, preliminary results 
are presented in Table II .  The caustic refining of degummed 
soybean oil shows a 50% saving over cup loss. Caustic refin- 
ing of erude cottonseed oil gives a 24% saving and of crude 
soybean oil a saving of 48%. 

TABLE II 
Caustic Refining of Cottonseed and Soybean Oil 

Pro *erties of Original Oils 

Crude Oils Degummod Oils 

FFA, % ............................... 
Color, Lovibond ................... 
Concentration 

caustic solution, % .......... 

Cottonseed Soybean 

50/5.0 ] 55/5.5 

11.5 L 8 

Soybean Soybean 

0.i~I" 0.18 50/5.0 15o/5.o 
10.5 ~ 12.0 

Pro turtles of Refined Oils 

FFA, % . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  04 .03 .02 .02 
Color, Lovibond ................... 20/3.5 32/3.8 35/3.5 35/3.3 
Soap, p.p.m ......................... 450 06 900 19 600 g00 
HzO,% . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  12 .16 
Loss, % ............................... 415 216" .87 .89 
Cup Loss. % ........................ 5.9 .... 1.89 1.8 
Wesson Loss. % .................. 2.5 .6 .6 

Similar refining tests are under way in four other refineries 
on the following oils: crude peanut,  crude linseed, crude coco- 
nut, lard, and tallow. 

Encouraging preliminary reports have been received from 
these operations. One refiner has reported that ,  in degumming,  
the Duozon showed a savings over parallel operations, us ing 
high speed centrifuges of 0.8 lb. oil per 100 lbs. processed, 
and in caustic refining a saving of as much as 1.9 lbs. oil per 
100 lbs. processed. 

Figure 6 presents a typical flow sheet for  the continuous 
caustic soda refining of vegetable oils with the Duozon. The 
combined oil and caustic solution are automatically metered 
to the pr imary machine where the soapstoek is separated f rom 
the refined oil. The oil is then water-washed in a second uni t  
where af ter  six to eight stages of extraction, it contains not  
over I0 par ts  per million of soap. The wash water has a maxi- 
nmm total  f a t ty  acid content of 0.60%. 

The plant  is furnished as a completely engineered unit ,  
fabricated largely of stainless steel. The system is air-t ight 
with no open tanks, which allows the refiner to keep the 
process areas clean and free from oxidized oil. 

A recently installed Duozon has  operated very sat isfactori ly 
in an inedible oil plant.  I ts  ability to operate continuously 
under adverse conditions was notable. The refinery was proc- 
essing solvent-extracted oil containing a large proportion of 
fines. During a one-week test period the high speed cent r i fuges  
running parallel to the Duozon had to be stopped and cleaned 
22 times, a f te r  every four hours of operation. The Duozon 
operated without a single stop, and it is est imated tha t  oper- 
ation could have been eontinued indefinitely. 

Conclusions 
Duozon centr i fugal  contactors seem to have the following 

advantages  in the refining of glyceride oils: decreased losses 
,ad increased yields of products;  l a r g e  capacity in a single 
machine result ing in low first cost, redueed requirement for 
floor space,, and simple flow and installat ion; because of 
comparatively /o~ , speed, low maintenance cost and low power 
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Fro. 6. Continuous caustic refining of vegetable oils with 

countercurrent centrifugal  contactor. 

requirement;  practically automatic operation; continuous oper- 
ation unhampered by particles of meal in the charge; and an 
entirely enclosed system, allowing no oxidation of hot oil. 

Acknowledgments 
Gratefully acknowledged are the contributions made by Noel 

Myers, senior chemical engineer, A. E. Staley Manufac tur ing  
Company, Decatur, Ill., and others who submitted data on plant 
operations but  who prefer to remain anonymous at  present. 

REFERENCES 
1. Bailey, A. E., "Industrial Oil and Fat Products," 2nd ed., Inter- 

science Publishers Inc.. New York. 
2. Flowers, A. E., "Centrifuges," in Perry, Chemi:cal Engineers Hand- 

book, 2nd ed., 1941, McGraw-Hill Book Company, New York. 

WALTER J. PODBIELNIAK~ 
ARICOLD M. GAVIN, AND 
HERBERT R. KAISER, 

Podbielniak, Ine., Chicago, Ill. 

On the Educational Front 
Shell Companies Foundat ion Inc. will contribute about 

$450,000 during 1956 to educational programs, aecording to 
M. E. Spaght,  executive vice president of Shell Oil Company 
and president of the Foundation. This will include 50 gradu- 
ate fellowships, 20 grants  for fundamenta l  research to 42 
colleges and universities, and merit  fellowship seminars a t  
Cornell University and Stanford University for  60 high school 
science and mathematics  teachers. 

.:, 

" R e c e n t  Advances in Catalytic Polymer iza t ion"  will be the 
subject of a special two-week summer program at  Massachu- 
setts Ins t i tu te  of Technology, Cambridge, Mass., Ju ly  17-27, 
1956. 

A five-day conference on the management  of industrial  re- 
search will be held June  11-15, 1956, under the auspices of 
Columbia Universi ty on its campus in Harr iman,  N. Y. 

~.o 
" C a r e e r  Opportunities vs.  the Shortage of Scientific Per- 

sonnel in I n d u s t r y , "  by Theodore S. Hodgins, is the title of 
the leading article in a recent issue of Appara tus  Digest, 
published by A. Daigger and Company, Chicago, Ill. I t  is 
the first in a series of articles comprising a symposium on 
opportunities in industr ial  research which will eventually be 
reprinted in booklet form. 

o:. 
Podbielniak Inst i tute,  Chicago, Ill., has announced a two- 

week course in analysis of gases and vaporizable liquids with 
sessions beginning on September 24, November 5, and December 
3, 1956, and J a n u a r y  21 and February 25, 1957, respectively. 

Announce New Bibliography 
The National Bureau of Standards has issued as Circular 

566 a 1528-page "Bib l iog raphy  of Solid Adsorbents, 1943 to 
1953, ~' by Victor R, Deitz, containing about 'twice as many 
references as are found in " B i b l i o g r a p h y  of Solid Adsorbents, 
1900 to 1942."  Copies are available at  $8.75 each from the 
Government Pr in t ing  Office, Washington  25, D. C. 


