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Cattle usual ly  will consume the darker  grades  of f a t  
if it is used with molasses, which has a s trong odor 
of its own tha t  cattle seem to like. 

The rap id  expansion in the use of fa t  in feeds has 
not been without  certain difficulties. The feed indus- 
t ry  had to learn how to handle  fat.  They had to learn 
how to store it, heat  it, and mix it into feed dur ing  
the cold winter  months when other feed ingredients 
were cold and the fa t  had a tendency to fo rm fa t  
balls. Since large tonnages of feed are pelleted, the 
indus t ry  had to learn how to make a hard  pellet con- 
ta ining fat.  

I t  was mentioned earlier tha t  fa t  in the feed re- 
sulted in a lowered power requirement  in pelleting 
but tha t  some lubr icat ing action in the pellet mill 
resulted in a softer  pellet if more than  5% fa t  was 
used. The feed indus t ry  soon learned that  bet ter  
pellets could be made by  first mixing about  3% fa t  
into the feed, runn ing  it  through the pellet mill, and 
then spray ing  hot f a t  onto the pellets as they emerged 
f rom the mill. I t  was found that  high levels of fa t  
could be incorporated into pellets by allowing them 

to absorb hot fa t  in this way and the pellets remained 
hard.  

The indus t ry  also learned tha t  as the energy content 
of the feed was increased, the prote in  and vi tamin con- 
ten t  had to be readjus ted  to take advantage  of the 
increased energy level. Most of the problems of han- 
dl ing fa t  in the feed indus t ry  had been solved by 
the la t ter  pa r t  of 1957 when a s t range new disease of 
chickens appeared  in certain areas of the country,  the 
causative factor  of which appeared  to be in some of 
the fa t  that  had been used. The mater ia l  causing the 
trouble, la ter  called the chick edema factor, was found 
in certain fat-like materials  tha t  had somehow found 
their  way into the fat.  The fac tor  has been isolated, 
but  as yet we do not  know what  it  is. We think tha t  
we know enough about  it  to prevent  its recurrence,  
and the chick disease caused by it has not reappeared  
for  quite some time. 

The increase in the use of f a t  in feeds since 1957 
indicates that  the feed indus t ry  has confidence in the 
produc t  and all indications are tha t  fa t  usage in feeds 
will continue to grow. 
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I ~ T H O U G H  the final products  f rom our indus t ry  

1% may  be only the words, " h y d r o g e n a t e d  vegetable 
o i l s"  or " re f ined  cottonseed o i l "  on a label to 

the ul t imate  housewife, to us who make them they are 
the result  of pa ins tak ing  care in each process f rom 
refining to packaging.  Each step must  be " r i g h t , "  
first to make a qual i ty  p roduc t  but, equally impor-  
tant ,  to insure efficiency in the operation. While this 
efficiency does, of course, affect the profits of each 
company,  the el imination of " w a s t e , "  whether  it be 
of r aw materials,  processing materials,  equipment,  or 
labor, eventual ly  reflects on the cost of our products  
to the consumer and thus has its pa r t  in making the 
s tandard  of l iving of our  country.  F o r  our purpose 
the s ta r t  of this t rai l  is in the refining of crude oils. 

Refining of Crude Oils 
I n  addit ion to neu t ra l  f a t t y  glycerides, the crude 

oils of commerce contain free f a t t y  acids, phospha- 
tides and gums, coloring mat ter ,  insoluble mat te r  and 
settlings, and  such miscellaneous unsaponifiable ma- 
terials as sterols. The purpose of the refining step 
is to lower the level of these nonfa t ty  glyceride mate-  
rials to zero or at  least to negligible values. The 
quanti t ies of these mater ia ls  present  in the crudes 
v a r y  with the type  of oil (cottonseed, soybean, coco- 
nut,  l a rd) ,  with the manner  in which the oil is ob- 
tained f rom the original raw mater ia l  (expelling, 
extraction, wet  or d ry  render ing) ,  with any  pre t rea t -  
ment  tha t  the oil may  be given, such as degumming,  
as well as with the season and geographical  source. 
F o r  these reasons the refining process cannot  be set 

on a fixed procedure  for  op t imum results but  must 
be var ied to suit the characterist ics of the crude 
stock. 

In  the ve ry  ear ly  days fa ts  were washed with min- 
eral acids in order to coagulate the impur i t i es ;  this 
is still the case for some fa ts  intended for  inedible 
use. While one process now being pract iced uses an 
organic acid for  degumming,  pract ical ly  all edible 
fa ts  the world over are refined with some type  of 
alkali. The addit ion of an alkali  solution to a crude 
oil brings about  a nmnber  of chemical and physical  
reactions. The alkali combines with the free f a t ty  
acid present  t o  fo rm soaps;  the phosphat ides and 
gums absorb alkali and are coagulated through hydra-  
tion or degradat ion  ; much of the coloring is degraded, 
absorbed by the gums, or made water-soluble by the 
alkali ;  and the insoluble ma t t e r  is probably  entrained 
with the other eoagulable material .  Wi th  heat  and 
t ime the excess caustic can also br ing about  the 
saponification of some of the neut ra l  oil. While all 

�9 of these reactions have not been completely explained 
because of their  complexity,  i t  is of interest  to note 
some of the physical  changes that  occur. The sketches 
shown in F igure  1 are representat ive  of the appear-  
ance, under  a microscope, of various stages of the 
refining of cottonseed oil with caustic soda solution. 
When the lye is first added (A) ,  the mix ture  appears  
to be an emulsion with the individual  drops  clearly 
seen and evenly dispersed. Each drop seems to be 
surrounded by a darker  layer  and this outer  " s k i n "  
in tu rn  by ve ry  small individual  droplets  tha t  are 
near  the skin surface but  do not touch it. A cloudy, 
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amorphous  mater ia l  appears  to be spread throughout  
the continuous phase. Wi th  continued t ime in the 
cold (B) ,  the drops begin to gather in groups in a 
net of the amorphous  material ,  with clear oil show- 
ing between the groups. At  this stage the droplets,  
which fo rmer ly  appeared  to sur round the main drops, 
now adhere direct ly to them and give a "pincushion" 
effect. As heat ing begins (C) ,  cloudy masses form, 
and the drops begin to lose their  identity.  Much 
more clear oil is seen between these masses. A t  the 
end of the heat ing period, when the t empera tu re  has 
reached 140-150 ~ F. (D) ,  the cloudy masses contract  
and become t rans lucent  and shiny, p robably  by  melt- 
ing or coalescence. Very  few individual  drops  can 
be seen. This is the final " b r e a k "  fami l ia r  to all 
who have batch-refined oil, and the batch is ready  
to settle. 

The process described above is typical  of the open- 
kettle, batch-refining process, which was used for  
many  years  pr ior  to the advent  of continuous cen- 
t r i fugal  refining and is still used in an improved 
form and on some special oils. The kett les usual ly 
have a height equivalent to about one and one-half 
times their  diameter,  with a cone bottom, and are 
fittted with a variable slow-speed agitator,  vert ical  
banks of steam coils, and swing suction-pipes to 
facil i tate the drawing off of the refined oil f rom the 
settled foots. Af te r  the crude oil is pumped  to the 
kettle (p re fe rab ly  at  about  75-85 ~ F . ) ,  it is usually 
allowed to settle in order to remove entrained air  
that  would later  in terfere  with the refining. The 
amount  and s t rength of caustic to be used is deter- 
mined f rom the free f a t t y  acid content of the crude, 
the s tandard  cup loss on the oil, and f rom experience 
with the par t icu lar  oil stock. With  soybean oil the 
caustic s t rength is usually 12-16 ~ BS. with an excess 
ow~r theoretical of about .25% dry  sodium hydroxide.  
Normal ly  cottonseed oil is refined with a slightly 
s t ronger  caustic. In either case tile excess used is 
dependent  to some extent on the expected loss; higher 
execsses are employed for  high loss or high f a t ty  
acid oils, and the total  approaches the theoretical 
as the loss approaches the free f a t ty  acid content. 
With  the oil under  relat ively rapid  agitation, the 
caustic is sprayed over the surface in order t<) insure 
uni form dispersion. The lye should be so chosen that  
a " b r c a k "  will not appea r  immediately  in the cold 
as time in this emulsified state tends to iml)rove the 
color of the final refined oil. At  the first sign of a 
" b r e a k "  the agitat ion is slowed down and heat is 
applied. The t empera tu re  is allowed to rise lo about 
130-140 ~ F., and agitat ion is continued a t  slow speed 
unti l  the loots begin to settle. Should the loots be 
completely coalesced at  this point  and show signs of 
settling, it is best to stop the agitation. Fu r the r  
s t i r r ing may  tear  the loots and result  in a poor settle 
and cloudy oil. Af te r  sett l ing over-night or at least 
for 8 hrs., the clear oil is wi thdrawn by means of 
the swing suction and the soapstock is drained off. 
The refined oil may  then be water-washed or filtered 
through a spent  press to remove traces of soap. 

As in other methods of caustic refining, there is 
usual ly a relationship between the excess of lye used 
and the refining loss and refined color. F igure  2 
shows a typical  example of this relationship. I f  the 
excess is not grea t  enough, abnormal ly  high colors 
will be obtained, decreasing rap id ly  at  first as the 
excess is increased but  appa ren t ly  reaching a rela- 
t ively constant min imum value at  high excesses. The 

loss curve is direct ly  in reverse, r ising but  slowly 
at  the lower excesses and then increasing rapidly .  
I t  is the du ty  of the refiner to determine the excess 
required to balance min imum loss with min imum 
color. 

The general  kettle-refining method (as well as the 
continuous) may  be modified by the addit ion of 
various reagents. Sodium silicate solutions have been 
widely used to improve separat ions by " w e i g h t i n g "  
the loots. Actua l ly  this appears  to be a surface- 
active effect as floceulent foots can be made "wet ter"  
by the use of silicate with the resul tan t  format ion 
of denser part icles tha t  settle out the oil phase more 
quickly and with less occlusion of entrained neutra l  
oil. The silicate in the soapstock however tends to 
be troublesome in la ter  acidulat ion for recovery of 
f a t t y  mater ia l  and tends to increase the amount  of 
bowl cleaning required in centr i fugal  refining. The 
use of various polyphosphates  as additives, especially 
for  degummed soybean oil, has led to the development  
of a successful low-loss, kett le-refining procedure (1).  
In  this process the foots have an entirely different 
character ,  separa t ing  more as a dark, almost liquid, 
phase ra ther  than the usual " b r e a k . "  

The kettle-refining process requires long periods 
of set t l ing and long contact t ime between oil and 
caustic and depends on grav i ty  for the separat ion of 
foots and oil. With  the advent  of suitable centr ifugal  
equipment  for the separat ion of phases of different 
density, it was logical that  a continuous refining 
process be developed. As ear ly as 1.893 such a process 
was used in Europe,  and we have seen data f rom 
experiments  made in this count ry  as early as 1921. 
] t  was not until more than 10 years la ter  (2) how- 
ever that  the first sueeessful continuous-refining proc- 
ess was described in ibis country.  Since tha t  t ime 
many  modifications haw~ been ew>h, ed, including 
the use of soda ash, ammonia,  various chemical ad- 
ditives, and refining in miscella. 

In the conventional caustic process, proport ioned 
amounts  of e, rude oil and caustic solution are sent 
through a mixer  to a heater  (130-185 ~ F.) and thence 
to a e, entrifuga] separa tor  f rom which the refined 
oil and soapstoek are discharged. Tim refined oil is 
fu r the r  mixed with water  ( 5 -10%) ,  heate, d, and 
again centr i fuged in order to remow', residual traces 
of soap. The washing step can be repeated to effect 
a still greater remowtl t)f residual soap, followed by 
passage through a w t e u u m  dryer  for  the removal  of 
moishm+. As in kettle refining, s t rength and amounts  
of caustic must  be var ied with the type of crude 
stock. For  cottonseed oil the s t rength  may  be f rom 
12 ~ to as high as 22 ~ Baumg} with excesses somewhat 
higher thaa  those used in kett le refining. Degummed 
soybean oil can be sat isfactor i ly  refined with fa i r ly  
weak lyes while about 14 ~ Baum6 lye is required for  
nondeguntmed oil. An experieneed operator  can judge 
the amount  of lye necessary by  the character  of the 
foots being discharged. While the s t ra ight  caustic 
process is simple, it requires experienced judgment  
in the selection of lyes to yield op t imum results. 

The next step in the development  of the continuous 
refining process was the carbonate or soda ash process 
(3), which took advantage  of the nonsaponi fy ing  
eharacter  of sodium carbonate.  In  this process the 
crude oil is first heated th rough  an exchanger to 
about 140 ~ F., then propor t ioned and mixed with a 
20 ~ Baum6 soda ash solution. This is usual ly about 
1.5 times the stoiehiometrie amount  needed for  neu- 
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tral ization,  but, with higher-loss oils, more may  be 
required. As the soda ash solution will not affect 
neut ra l  oil, there is no danger  of saponification f rom 
la rger  excesses. The soda ash does however neutralize 
the free f a t t y  acids present,  fo rming  soap and carbon 
dioxide, and precipi tates  the phosphatides and gums. 
The remaining  excess of soda ash reacts  with much 
of the carbon dioxide released, forming sodium bi- 
carbonate,  thus diminishing the amount  of gaseous 
mater ia l  present  in the stream. To remove excess 
carbon dioxide and condition the oiLsoapstock for 
cent r i fugal  separation,  it is then heated to 195-220 ~ 
F. and sprayed  into a vacuum dehydra t ing-chamber  
Here  the free carbon dioxide flashes off together with 
most of the moisture, and the t empera tu re  drops to 
about  160-170 ~ F. I f  insufficient soda ash solution has 
been used, there will be an excess of free carbon diox- 
ide to be removed at this point  and oil can be lost by 
en t ra inment  in the vapor  stream. To br ing the soap- 
stock to proper  fluidity, the s t ream f rom the dehy- 
dra tor  is proport ioned with about 2 -5% of soda ash 
solution, mixed, and reheated to 195-205 ~ F. before 
being centr ifuged.  At this point  the oil is essentially 
" r e f i n e d "  but  is usual ly clark in color and difficult to 
bleach. To wash out this color, a caustic re-refining 
is required. The separated oil f rom the centr ifuge 
is eooled to 85-120 ~ F. by flowing through an ex- 
changer, countereurrent  lo the iueoming crude oil, 
and through a water  cooler and is propor t ioned with 
1-3% of 20-30 ~ B6. caustic soda solution. This mix- 
lure is heated to about 160 ~ F. and again  separated 
~'entrifugally. Because of the high eaustic s t rength 
needed for  color removal, the mixture  in the centri- 
fuge tends to separate  into a three-phase system con- 
sisting of heavy dark  lye, a somewhat l ighter  soap 
phase, and the light oil phase. To br ing  about a 
clean separat ion,  a small amount  of water-flush is 
added di rec t ly  to the centr i fuge bowl in sueh a 
rammer  as to dilute the, lye and soapstock, creating 
a single aqueous phase that  separates  easily. The 
refined oil is then water-washed in the same manner  
as iu the conventional caustic process. 

Fa i r l y  recent ly  (4), modifications of the soda ash 
process have been developed that  eliminate the de- 
hydra t ion  and rehydra t ion  steps. In  one system the 
soda ash solution and oil are mixed and centr i fuged 
under  pressure,  making  carbon dioxide removal  un- 
necessary and discharging a concentrated soapstoek 
low in neut ra l  oil. In  another  system a high excess 
of soda ash is used, sufficient to combine with all of 
the carbon dioxide released. This oil is passed through 
a small float-vent tank to deaerate  pr ior  to centr i fug-  
ing, and no rehydra t ion  is necessary. On normal  oils 
2.5 to 3 times the soda ash needed for  neutral izat ion 
is employed, and for very  low free f a t t y  acid oils 
(such as degummed soybean oil), a min imum of 1% 
is required.  This same pressure-refining system has 
very recent ly  (5) been applied to the caustic refining 
of coconut oils, giving losses equivalent  to the free 
fa t ty  acid content calculated as oleie acid. 

While sat isfactory results can be obtained by  the 
modified soda ash process on cottonseed oils with 
2% or less free fa t ty  acid, the excessive amounts  of 
earbon dioxide released with higher f ree  acid oils 
and the large amounts  of reagent  needed led to the 
development  of the caustic soda ash or CSA process 
(6).  By  first t rea t ing  the oil with jus t  enough s trong 
(30 ~ B6.) caustic solution to neutral ize the free f a t t y  
acids, the format ion  of large amounts  of gas is 

avoided. The fu r the r  addit ion of about one and one- 
half  times the stoichiometric quant i ty  of 20 ~ B6. 
soda ash serves to complete the neutral izat ion and 
precipi ta te  the soapstoek. As all of the caustic is 
immediate ly  used up in the neutral izat ion process, 
any  possibility of saponification of neutral  oil is 
reduced to a minimum. The soapstock produced is 
essentially of the soda ash type  and can be pu t  back 
on cottonseed meal  for  cattle feed. 

A large number  of variat ions of the basic refining 
processes have been or are being used in the United 
States.  and abroad. Among these are the ammonia  
process which uses ammonium hydroxide as a non- 
saponifying alkali (7),  the " L o w - L o s s "  method in 
which a regular  two-stage refining proeess is pre- 
ceded by  the use of citric acid as a gum conditioner, 
the " Q u i c k - M i x "  method in which the oil is first de- 
gummed and then very  quickly mixed with and 
separated f rom a caustic solution (8), the use of 
acetic anhydr ide  as a degumming agent  without  the 
use of an alkaline reagent  (9),  and even tile use of 
ion-exchange resins. One process however that  ap- 
pears  to be definitely of value is refining in miscella 
(10). Miseella f rom a solvent-extraction p lan t  is 
brought  to about  40-50% concentrat ion either by 
mixing prepress  oil with extract ion miscella or by 
the par t ia l  removal  of solvent pr ior  to refining. The 
concentrated miscella is then mixed with fa i r ly  weak 
caustic, about  12 ~ B6., using a 0.4% excess. Miscella 
concentrat ion can be controlled either by the use of 
a l ternate  circulated holding-tanks or by specific grav- 
ity. Care must  be taken to mix miscella and caustie 
thoroughly in order  to get complete precil)itation of 
gums and phosphatides and full color-removal. Af te r  
centr ifugal  separat ion the miscella is water-washed 
and s t r ipped free of solvent. Losses are very  low, 
and colors are excellent. The process however has 
the inherent  dangers  present  when working with 
large quanti t ies  of solvent, is only economical in an 
extraet ion p lan t  where the oil-solvent mixture  is al- 
ready available and makes it necessary for the crusher 
to have an outlet for  refined oil. 

With  the m a n y  refining methods that  are avail- 
able, i t  appears  difficult to decide what  method of 
operat ion a refiner should use. There are however a 
number  of factors  that  will, in pa r t  at least, deter- 
mine the direction to be taken. If ,  for instance, an 
extract ion mill has a ready  outlet for  refined oil as 
mentioned previously,  it now appears  that  a miscella 
refining" process would best fill tile requirements.  I f  
da rk  cottonseed oil is a problem, there is much to 
recommend a two-stage refining operation, using very 
strong lye (25-30 ~ B6.) in the re-refining step. Fo r  
plants  handl ing much oil with a high free f a t t y  acid 
content (more than  2%)  the caustic soda ash process 
would probably  be recommended. The s tandard  caus- 
tic process does a good job on soybean oil and prob- 
ably represents  a min imum of equipment.  I f  a p lant  
needs some extra  capaci ty  and unused kettles are 
available, the addit ive kettle method can be consid- 
ered. A soybean mill tha t  can use gums and phos- 
phat ides  in feeds should examine the meri ts  of the 
ammonia  process. In  every case a thorough s tudy  
of the present  and projected needs, type or types  of 
crude stock, characterist ics of the stock, and  the local 
situation, together  with a knowledge of the available 
processes, will p a y  for itself m a n y  times over when 
a process is to be selected. 
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Bleaching of Refined Oils 

Even  though an oil has been well refined and water-  
washed, traces of a number  of undesired impuri t ies  
can still remain either in solution in the oil or as 
colloidal suspensions. Thus chlorophyll  or pheophyt in  
and their  degradat ion products  can give the oil a 
greenish color, the carotenoids provide yellows and 
reds that  may  be undesirable,  and traces of soaps and 
gums are present  that  will la ter  give trouble in hydro-  
genat ion or deodorization. The purpose  of the bleach- 
ing operat ion is not  only to provide a lighter-colored 
oil but  also to p u r i f y  it  in p repara t ion  for  fu r the r  
processing. 

Bleaching Agents and the Bleaching Process 

Although f rom time to t ime chemical bleaching 
agents have been used or proposed for  use on edible 
oils, pract ical ly  all such oils are now decolorized and 
purified by means of adsorpt ive clays or carbons. 
The clays used are neutra l  or acidic na tura l  clays 
tha t  have been crushed, dried, and screened or the 
so-called " a c t i v a t e d "  clays tha t  have been t reated 
with weak acid a t  boiling tempera ture ,  washed, dried, 
and screened. Active carbon is formed f rom a wide 
va r ie ty  of carbonaceous raw materials  (usual ly  waste 
mater ia ls)  by carbonization at high tempera ture ,  
combined with the use of ac t ivat ing materials,  such 
as phosphoric acid, metal  salts, etc. 

The natura l  clays, while not having the decolor- 
izing power of the act ivated products,  pe r fo rm very 
well with respect to cleaning up  residual soap and 
gums and normal ly  exhibit  a lower oil-retention. A 
na tura l  clay will retain oil up to about  30% of its 
d r y  weight whereas the act ivated clays will retain 
about 50%, and activated carbons, even when mixed 
with clays, appea r  to retain about 100-150% of their  
weight as oil. Rich (11) found tha t  the oil reten- 
tions of both act ivated and neutra l  clays were in- 
versely related to their  apparen t  bulk densities. In  
the data he reported,  individual  p lants  showed this 
definite relationship, but  it is notable tha t  var ious 
plants  differed as much as 10% in oil retent ion for  
the same hulk density. This var ia t ion can only be 
a t t r ibuted  to differences in p lan t  operation, differ- 
enees that  reflect in operat ing costs. 

While the bleaching phenomenon is usual ly  re- 
ferred to as " a d s o r p t i o n "  and the large surface 
areas of the bleaching agents do p lay  a par t ,  the 
theoretical background is not completely known. Ex-  
perimental  evidence (12) can be exhibited which 
indicates that  both physical  and ehemieaI forces and 
reactions are involved. I t  has been found however 
tha t  normal oil bleaching usual ly  follows the equa- 
tion for the adsorpt ion isotherm (13), which relates 
the amount  of mater ia l  adsorbed per  uni t  of adsorb- 
eat  to the residual amount  remain ing:  

X / M  = KC" 

In  this equation X corresponds to the amount  of 
mater ia l  (color) removed, M to the amount  of bleach- 
ing agent  (carbon, (,lay) used, C to the amount  of 
color remaining  while K and n are constants that  
are dependent  on the par t icu lar  system involved. 
B y  wri t ing this equation in the log form, it  is seen 
tha t  a plot  of log X / M  against  log C should result  
in a s t ra ight  line. This is evident in F igure  3, which 
shows both a normal  plot and the isotherms. F igure  

3 also i l lustrates the great  var iabi l i ty  among the 
different types of bleaching agents. The carbon ad- 
sorbs relat ively large amounts  at low levels of usage 
but  is unable  to remove the final traces even at  rela- 
t ively high levels. This var iabi l i ty  is re lated not  only 
to the adsorbent  but  also to the na ture  of the mate-  
rial  to be adsorbed and the conditions unde r  which 
the adsorbent  is used. F o r  this reason, exper imental  
bleaching under  use conditions is the best guide when 
using new adsorbents  or bleaching unusual  oils. 

The normal  variables for  any  given bleaching sys- 
tem are the type  of earth,  dosage, t empera ture ,  and 
contact time. Each must  be considered in the l ight 
of the system used and the oil to be bleached. As 
previously  mentioned, the na tura l  clays do a very  
sa t is factory job at fa i r ly  low tempera tures  when the 
oil is readi ly  bleachable, tend to give more stable 
oils, are lowest in cost, and have low oil-retention. 
I f  the oil is difficult to bleach, such as a " g r e e n "  
soybean oil, the act ivated clays will do the job without  
requir ing the use of excessive dosages. The act ivated 
clays are however higher in cost, re ta in  more oil, and 
tend to deteriorate press cloths faster.  Many  acti- 
vated clays will also cause a rise in the free f a t t y  acid 
content of the bleached oil. Carbon is normal ly  used 
on glyeeride oils in combination with clays;  the 
dosage usually is 5-10% of the amount  of clay used. 
I t  is effective in removing the fluorescence sometimes 
found in oils, in adsorbing certain impuri t ies  thai 
are not affected by clays, and is especially effective 
in the bleaching of cocomlt oil but  is the highest in 
cost and has the highest oil-retention. 

Bleaching wiih most adsorbents is re la t ively rapid,  
and the usual error  is to extend bleaching t ime be- 
yond the optimmn. Tempera tu re  is however a factor,  
with shorter  ol)tinmm times obtained at higher  tem- 
peratures .  Neutral  clays will bleach ~.ottonseed oil 
in 10-30 rain. at 195-210 ~ F. whereas act ivated clays 
will usual ly give an oI>timnm bleach a t  230-250 ~ F. 
It  is impor tant  to mix earth and oil at  a rc la t ively 
low temperature ,  br inging the complete nfixturc up 
to the final bleach temperature .  I t  is believed tha t  
the best bleach is obtaim,d when the moisture in the 
earth is rctnow,t in lhe presence of the oil. As atmos- 
pheric oxidation can darken a bleaehed oil, t empera-  
turcs above 22(}-23(} ~ P. should be employed only 
when operat ing under  vacuum or an inert  atmosphere.  
Exeessive contact t ime at any ten~pcrature usual ly  
tends to darken the oil. 

Bleaching Equipment 

Contact  bleaching is normal ly  (tarried out either 
batch-wise in open kettles or under  vacuum, or con- 
t inmmsly  under  vacuum. Batch bleaching in open 
kettles is the ohtest and simplest method and is still 
in use in many  plants.  The oil is charged to a ket t le  
fitted with a paddle  agi ta tor  and steam coils, the 
agi tat ion and heat ing arc started, and the ear th  is 
added at  about 160-180 ~ F. Agita t ion is continued 
for a t ime a f t e r  t empera tu re  has been reached and, 
when bleaching is completed, the oil is filtered through 
plate and f rame presses to storage. When  a press is 
full, it is blown with air  or steam to remove as much 
oil as possible and  the press is opened for  cleaning. 
Because of its high surface area, spent  clay f rom 
the bleaching of unsa tura ted  oils tends to undergo 
spontaneous combustion, and care must  be taken 
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both in blowing presses and in handl ing the resul tant  
cake. 

The use of act ivated clays and higher tempera tures  
in bleaching led to the need for protect ion f rom at- 
mospheric oxidation, and the vacuum bleaching sys- 
tem was developed. The process is s imilar  to the 
open kettle bleach except that  i t  is conducted in a 
closed vessel under  a vacuum of 27-28 in. The ad- 
sorbent can be added either as an oil s lur ry  f rom 
a separate  clay s lur ry  tank  or be sucked in direct ly 
throuo'h a valved line leading f rom a hopper  above 
the vessel to below the surfa~'.e of the oil. When 
bleaching is completed, the oil is cooled sufficiently 
to avoid oxidative effects, the wwmnn is broken, and 
fi l tration is carr ied out Jn the normal  manner .  

(~ontinuous vacuum bleaching-systems were pro- 
posed many  years ago, but  probably  the first eommer- 
vial ol)eration was s tar ted  about 1940 (14). This 
pr(mess was described by King and Whar ton  (15) 
and bm~r in a modified form t)y Singleton and Me- 
Michael (16). The oil to be tfleaehcd is first deaerated 
and dried by spray ing  iato the ~owcr e.hamber of 
lhe vacuum bleaching-vessel at; abont 130 ~ F. De- 
aerat ion is aided by a small steam spargc below the 
oil level. The (teaerate(l oil is lhcn heated to about 
210-240 ~ F. by passing throngll an economizer count- 
e reurrent  to the hot oil leaving the system and by 
using a steam cxelmngcr. This hot oil is first filtered 
through a closed 1)ress containing 1he spent  clay 
f rom a I)revious bateh and thence to the upI)er bleach- 
ing section of ~lw~ vacuum vessel. A clay s lur ry  is 
made up contim.musly f rom bleached oil and metered 
clay in a scparate  agi ta ted s tu r ry  tank. This final 
s | u r ry  is fed, again through a spray ing  device, into 
the tt|)per t)ortion of the bleaching vessel where it  is 
mixed with the main s t ream of oil. I lcrc,  too, sparge 
steam aids the mixing, and steam coils main ta in  the 
tempera ture .  Af te r  about  10 rain. of average resi- 
denec time, the oil :is filtered through a clean press, 
par t ia l ly  cooled by means of the previously mentioned 
economizer, and finally water-cooled to 130-150 ~ F. 
before being sent to storage. 

As in all other processing steps, when sett ing up  
a bleaching procedure,  one must  keep in mind both 
the final objectives to be reached and the effects on 
or of any  intervening processes. The kind and  amount  
of ear th or carbon used need only be sufficient to 
clean up the oil p r e p a r a t o r y  to hardening  or deodori- 
zation and to remove any  undesirable color that  will 
not be removed in these la ter  steps. The min imum 
required bleach is usual ly  the best as overbleaehing 
can lead to flavor, oxidative, and even eolor instability. 
Open-kettle bleaching ean be very  effective as long 
as care is taken in the seleetion of earths and the 
control of tempera ture .  Vaeuum Meaehing has the 
advantage  of removing the influence of atmospheric  
oxidation when the more active earths or higher 
t empera tures  are employed. The advantage  of con- 
t inuous bleaching is manpower  saving ra ther  than  the 
effectiveness of ear th  usage. One troublesome point  
however has been the regulat ion of clay dosage. Wi th  
bulk shipments  of clay there are savings both in 
ear th  and in handl ing costs. All of these factors  
must  be considered in the selection of a process for  
an individual  installation. 

Deodorizat ion 
Most of the major  oils in use in this coun t ry  today 

retain,  even af ter  refining, cer ta in undesirable  odors 

and flavors. Normal  bleaching impar t s  an " e a r t h y "  
odor while hydrogenat ion adds an odor that  can only 
be described as "typieal" and cer ta inly undesirable. 
To provide the bland and almost  odorless fats  and 
oils required by today ' s  consumers it is necessary 
that  these undesirable impuri t ies  be removed by 
deodorization. 

In  essence, deodorization is a steam distillation, 
carr ied out under  vacuum, in whieh small quanti t ies 
of the more volatile components  are s t r ipped f rom 
the oil, leaving behind only the bland, nonvolatile, 
essentially tr iglyeeride constituents. In  addit ion to 
the removal  of odoriferous mater ia ls  however the 
deodorization process also serves to reduce the free 
f a t ty  acid content of the oil to a desirable low level, 
to destroy the peroxides present,  and to improve the 
color by breaking down carotenoid pigments.  By 
assuming that  the volatile consti tuents in the original 
oil would follow Raoul t ' s  law and Dal ton ' s  law of 
par t ia l  pressures, Bailey (17) derived an equation 
relat ing many  of the variables  involved in deodori- 
zation. ]?~rom this equation it can be seen tha t  the 
amount  of steam required (or the time required at 
a definite s teaming rate)  is direct ly propor t ional  
to the batch size, the absolute pressure in the deodor- 
izer, and tile logari thm of the rat io of initial to final 
concentrations of the volatile substances, and in- 
versely propor t ional  to the vapor  pressures of the 
volatile substances at the opera t ing t empera tu re  and 
the vaporizat ion efficiency of the process. While the 
effects of these variables have been noted in practice, 
the equation serves to emphasize their  relative mag- 
nitudes and interrelationships.  

Although the usefulness of blowing oils with steam 
to improve odor was recognized in the ear ly 1890's 
(18), it was apparen t ly  not until about 1900 that  
David Wesson s tar ted t rea t ing  oit under  vacumn 
in this country.  This system has been used for  many  
years, and large quantit ies of oil are being processed 
m this manner  today. In  the batch system the oil 
is charged direct ly into t h e  deodorizer or " s t i l l , "  
which is held under  "eacuum at  all times. A small 
amount  of sparge steam is tu rned  on to provide agi- 
tat ion as soon as loading starts,  and the charge is 
heated either by  coils within the vessel itself or by 
circulat ing the oil through an external  heat exchanger.  
Hea t  is usual ly provided either by high pressure 
s team or Dowtherm. Vaeuum may  be main ta ined  by 
wet  vacuum pumps,  but  these have been almost en- 
t i rely supplan ted  by steam je t  ejectors with three or 
more stages. Af t e r  the oil has been held at deodori- 
zation t empera tu re  for  the required time, the oil is 
cooled either in the deodorizer itself or more often 
in separate  " d r o p "  tanks or eooling stills or by 
means of external  tubula r  coolers. The cooled oil 
is usual ly  sent through a " p o l i s h i n g "  press to re- 
move any  haze or polymerized particles before being 
pumped  to storage. 

Batch  deodorizers are usual ly  of about 20-30,000 
lbs. capaci ty  al though units  f rom 5,000 to 60,000 lbs. 
capaci ty  have been used. Deodorizations are earriecl 
out at  the highest available vaeuum;  a three-stage 
system provides 6-8 ram. of absolute pressure.  The 
t empera tu re  of deodorization is dependent  to some 
extent  on the oil being processed, being somewhat 
lower for  liquid oils than  for  hydrogenated products.  
In  the United States about  375-450 ~ F. is common 
pract ice with some deodorizations being carr ied  out 
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at even higher temperatures .  In  Europe  the t rend 
is to use lower temperatures ,  in the 340-375 ~ F. 
range. Because of var ia t ions  in opera t ing  pressure,  
both' deodorizing times and total  s t r ipp ing  steam used 
may  va ry  widely. Normal ly  however deodorization 
will be completed in 2-5 hrs. with the use of 5-15% 
of total  s t r ipp ing  steam, based on the charge weight. 

As in all of our other processing steps, there were 
m a n y  early a t tempts  to realize the advantages  of a 
continuous system in deodorization. One of the earli- 
est of these (19), taking advantage  of pet roleum re- 
fining experience, makes use of a bubble cap column 
to br ing  about  int imate contact between oil and strip- 
p ing steam. The oil, deaerated in a separate  chamber,  
is heated and fed to the top bubble-cap t ray,  gradu-  
ally moving downward countereur ren t ly  to a rising 
flow of steam. Al though a vacuum of 6 mm. is pro- 
vided at the top of the tower, pressure drops across 
the t rays  increase this pressure to about  20 ram. at 
the bottom. As the re tent ion t ime in the tower is 
only about  20 min., it is necessary to use higher op- 
erat ing tempera tures  (445-480 ~ F.)  to achieve the 
desired results. Another  t ru ly  continuous deodorizer 
(20) consists of a series of individual  vessels under  
very high vacuum through which the oil flows in 
sequence. Tempera ture ,  vacuum, and sparge steam 
are controlled in each vessel. The oil is gradual ly  
heated while passing through the earlier stages and 
is cooled in the later  stages. This system has proven 
extremely sat isfactory with respect to both quali ty 
and ettieicney, but  the process and equipment  have 
not been put  on the marke t  commercially.  

()ne deodorizer that  has achieved considerable com- 
mercial  success both in this country  and abroad is 
the semieontinuous uni t  manufac tu red  by  the Girdler  
Corporat ion (21). An outline d iagram of this unil 
is shown in F igure  4. The unit  as shown consists of 
five t rays  stacked inside of, but  not quite contacting, 
an outer  shell. Each t r ay  is fitted with a steam sparge 
and is capable of holding one-half of the hourly 
cal)acity of the uni t  when filled to a depth  of about 
24 in. By  means of a measur ing  tank, oil is charged 
to the top t r ay  where it is deaerated while being 
heated with steam to about  320-330 ~ F. At  the end 
of a half-hour  period the charge is automat ical ly  
drol)ped to the second t ray,  and the top t r ay  is re- 
filled. In  the second t r a y  the oil is heated by Dow- 
therm to operat ing t empera tu re  and, again af ter  a 
half-hour period, is automat ical ly  dropped to the 
t ray  helow. When the oil reaches the bottom tray,  
it is cooled to about 130-150 ~ F. and discharged to 
a drop t ank  f rom which it  is lmmped to storage. As 
each t r ay  is independent  within the shell, the shallow 
pool of oil in each receives the benefit of the full  
vacuum. As the t rays  suppor t  only the weight of 
the oil, ra ther  than the outer atmospheric pressure,  
they can be made of l ight-weight resis tant  metals, 
such as pure  nickel, without  unduly  increasing the 
cost. Each t r ay  is fitted with splash baffles tha t  great ly  
increase the s t r ipping efficiency of the steam and 
with secondary baffles tha t  eliminate entrainment .  
Any  vapors  leaving the t ray,  which tend to condense, 
will do so on the outer shell and run  down this outer 
shell ra ther  than reflux back into the oil. The effi- 
ciency of the uni t  has led to its fa i r ly  widespread 
acceptance. 

Deodorization is the last major  processing step 
through which the flavor and  odor and m a n y  of the 

stabil i ty qualities of an oil can be controlled. F r o m  
this point  onward  effort is directed only toward  re- 
ta ining tha t  qual i ty  which the oil then possesses. Fo r  
this reason, considerable care must  be given to the 
selection, operation, and maintenance of deodoriza- 
tion equipment.  Because of the high tempera tures  
involved, it is pa r t i cu la r ly  advisable to avoid the use 
of metals having prooxidant  characteristics.  Carbon 
steel has long been used at t empera tures  below 390- 
400 ~ F., but  nickel or stainless steel is preferred,  
especially a t  higher temperatnres .  Welded construc- 
tion will give fewer changes for  air  leaks, and the 
vessels should be well insulated to minimize heat  
loss. Long vapor  lines are to be avoided as they re- 
duce the efficiency of the vacuum system and, if  
improper ly  placed, will tend to promote  the unde- 
sired reflux of condensed vapors.  There is some ques- 
tion as to the usefulness of baffles for  the prevent ion 
of en t ra inment  in batch deodorizers having ample 
headspace, but  in the limited hcadspaees common to 
the continuous or semieontinuous deodorizers they 
are a necessity. Inefficient or excessive sparg ing  can 
lead to considerable en t ra inment  loss, and sparge 
steam containing air  or impuri t ies  f rom boiler water  
t rea tment  t an  lead to puzzling flavor results in other- 
wise good oil. Again,  to avoid oxidative effects, the 
oil should be well deaerated before reaching de- 
odorization tempera tures  and should be eoolc<t to 
below 140 160~ hefore being discharged Io tile 
atmosphere.  Local overheating, whether  it be f rom 
coils exposed abow', the oil lexel or f rom the use of 
too high a teml>eralure gradient  at  the heat ing surface, 
must  he el imimtlcd ill order lo awfi<l ott'-flavo,'s. While 
many  of these poinls arc obvious, they are all impor- 
tang to lhe a t la imnent  of top qual i ty  in fats  an<l oils. 

Stabil ization 

With lhe a t ta imncnt  of a <lualily <ill, efforts must  
he ma<le lo l>reserve that  qualiW. Since the dawn 
of history and the passing of 1he days of kill-and-eat, 
man has sought ways to I)rolcct and preserve his 
foodstuffs. Fa ts  and <ills, whih~ ]'<',lativ(,'ly :immune 
l:o microhiological Sl>oilage, arc par t icu lar ly  sub.iecl 
to spoilage resul t ing f rom oxidative action, and it, is 
this type of spoilage that  has gained (and mcrite<t) 
the most attention. 

The mechansims of tile autoxidat ive reactions that  
br ing about  rancid i ty  arc emnplex and  much has 
been wri t ten on the suhje<',t (22), hut  much  still re- 
mains to he explored. For  the present  it must  suf- 
fice to say that  the unsatura ted  bonds present  in fats  
and oils create susceptihil i ty to attack, tha t  the reac- 
tion is autocatalytic,  that  unsa tura ted  hydroperoxides  
arc apparen t ly  the p r imary  reaction products ,  and 
tha t  fu r the r  changes iu these p r i m a r y  products  lead 
to the format ion  of odoriferous aldehydes, ketches, 
and acids. Because of the oxidative weakness of 
double bonds, the greater  the unsa tura t iou  in an 
oil, the greater  are the possibilities for  rancidi ty  
development.  The active methylene groups between 
the double bonds in po lyunsa tura ted  compounds are 
par t i cu la r ly  susceptible to oxidation;  thus oils con- 
ta ining such acids as linoleic or linolenie are likely 
to oxidize more rapidly.  These tendencies are, of 
course, grea t ly  modified if na tu ra l  or added anti- 
oxidants are present.  A t  least the ini t ial  reaction 
involved in fa t  oxidation is believed to be a chain 
effect; the peroxides formed act as oxygen carriers. 
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A, IMMEDIATELY AFTER THE ADDITION OF t.u 

B, AFTER SO'EO MINUTs ~N COLD, 

FI(~. 1. Caustic refining process under the microscope. 

The mixing of rancid fa t  with fresh fa t  thereby 
serves to promote the rancidifieation of the entire 
mixture.  I ' r ac t iea l ly  all of the methods for  estimat- 
ing the extent  to which a fa t  has been oxidized are 
dependent  on the measurement  of one or another  of 
the products  of the reaction. The. determinat ion of 
peroxide content (22, 23) is probably  one of the most 
widely used. The estimation is based on the fact  that  
iodine is l iberated f rom acidified potassium iodide 
solution by  peroxidie oxygen. Care must  be exer- 
cised in app ly ing  this test as a number  of condi- 
tions, such as high tempera ture ,  will cause some per- 
oxides to break down while others arc still being 
formed. Many other quali tat ive and semi-quanti- 
tat ive tests, such as the Kreis  test, are based on reac- 
tions of the aldehydic or ketonic by-products .  In 
recent years  considerable research has been aimed at 
the direct  determinat ion of earbonyl  compounds (24). 
Many workers feel tha t  such a determinat ion can 
be made more specific for  rancid i ty  or pr ior  oxida- 
tion than  can the peroxide test. 

While long-term storage tests, under  use conditions, 
are the safest  for  the determinat ion of oil stability, 
there is a constant need for  accelerated methods that  
will indicate the susceptibil i ty of a fa t  toward rancid- 
i ty development.  The most commonly used accelerated 
tests include modifications of a) the active oxygen 
method (25) which depends on measur ing  the per-  
oxide content  of an oil a f t e r  heat ing and  aerat ing 
under  controlled conditions, b) the Schaal Oven test 
(26) in which samples are observed orgauoleptieal ly 
dur ing  storage in an oven, and c) the oxygen ab- 
sorption method (27) ~n which the uptake  of oxygen 
with t ime at  higher tempera tures  is measured. 

As with most oxidative reactions, the oxidation of 
fats  requires the presence of a susceptible material ,  
a source of oxygen, and the appl icat ion of energy to 
promote  the reaction. I t  is through the elimination 
of one or more of these factors  tha t  we t r y  to pre- 
vent  or r e t a rd  oxidative rancidity.  By  the careful  
selection of raw stocks we can reduce the probabi l i ty  
of oxidation and, where possible, we can decrease or 
eliminate the more susceptible components through 
hydrogenat ion  or fract ionat ion.  Mishandling of 
stocks, even in the crude state, can destroy natura l  
antioxidants,  and  the op t imum qual i ty  of the oil 
can never  be realized. While  it is pract ical ly  im- 
possible to shield oils f rom oxygen at  every step f rom 
crude to consumer, m a n y  unnecessary sources of 
aerat ion can be avoided. P u m p s  with air  leaks on 

the suction side, tank-filling lines that  cause splash 
and air  entrainment ,  agi tators  that  swirl and draw 
in air, and leaks in vacuum vessels, all can be cor- 
rected. Storage tanks, t ank  cars, and some consmner 
packages can be blanketed with iner t  gas. Again,  
it is impossible to process and t r anspor t  fats  and 
oils without  subject ing them to heat, but  the heat and 
the effects of the heat  can be minimized. Tempera-  
tures can be held as low as practicable and local over- 
heat ing avoided ; where high tempera tures  are needed, 
special precautions can be taken to avoid air  contact. 
As oxidized fa t  and heavy metals, such as iron and 
copper, catalyze the oxidative process, sources of 
such contaminants  should be eliminated. Oxidized oil 
must  not be allowed to accumulate  on the sides of 
tanks or presses, in pipe lines, or in filling equipment.  
Copper  and brass fittings and many  copper-contain- 
ing alloys should be removed f rom any fa t -handl ing 
system, and iron should be avoided wherever  higher 
tempera tures  are encountered. 

Although the processor makes every effort to pro- 
tect his fa t  products,  it is pract ical ly impossible to 
avoid some traces of the heavy metals, and impos- 
sible for him to control the handl ing of the product  
once it has passed to the consumer. Fo r  these reasons, 
fu r the r  precaut ions must  often be taken to preserve 
the qual i ty  of the product.  The trace metals present  
or with which the fa t  m a y  come in contact, can be 
inact ivated through the use of chelating or sequester- 
ing agents. These agents, such as citric acid, phos- 
phoric acid, ta r ta r ic  acid, and many  others that  have 
been proposed (28), complex the metals so that  they 
no longer have a catalytic effect. They ean be used 
effectively both dur ing  processing ( immediately  af ter  
deodorization) or in the form of a final addition, and 
only extremely small amounts  are required. Many 
of the na tu ra l  fats  contain inhibitors (such as the 
toeopherols or sesamol), which appa ren t ly  react in 
such a manner  as to stop the chain reaction of the 
oxidative process. These inhibitors or "antioxidants" 
are present  in fats  in va ry ing  degrees. The animal 
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FIG. 2. Effect of lye excess on loss and refined color. 
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fats  are pract ica l ly  devoid of na tu ra l  inhibitors. Fo r  
this reason the processor must  often add ant ioxidants  
in order to extend the shelf-life of his fa ts  and the 
products  made f rom these fats. 

The l i te ra ture  is filled with references to mater ia ls  
that  have been proposed as antioxidants,  but  rela- 
t ively few, such as buty la ted  hydroxy  anisole ( B H A ) ,  
butyla ted hydroxy  toluene ( B H T ) ,  nordihydro-  
guaiaret ic  acid (NDGA) ,  and propyl  gallate, etc., 
have been used commercially.  Their  use is regulated 
in this count ry  by  the Food and D r u g  Adminis t ra-  
tion and by  the Meat Inspect ion Division of the 
U.S.D.A. (29). All additions of sequestrants  or anti- 
oxidants mus t  conform to the regulations set for th  
by these bodies. The choice of ant ioxidants  is de- 
pendent  not only on the f a t  concerned but  also on 
the use to which it  is pu t  (30). Many  of the anti- 
oxidants (such as p ropy l  gallate) tend to develop 
off-colors when in contact with metals and  moisture.  
Others are par t icu lar ly  susceptible to heat  and pro- 
vide little " c a r r y - t h r o u g h "  into baked products.  In 
many  instances a combination of ant ioxidants  will 
act synergis t ical ly and provide  more protect ion than 
a single p roduc t  or will provide  necessary shelf-life 
as well as carry- through.  Thus the " b e s t "  antioxi- 
dan t  is the ant ioxidant  or combination tha t  works 
best for the par t icu lar  application. 

Plasticization of Shortening and Margarine 

As we all know, when shortening or lard  in tile 
liquid state is allowed to cool slowly, the more satu- 
rated glycerides will crystallize first, the crystals 
growing in size until, at  room temperature ,  a grainy,  
pasty  mass is obtained. This gra iny mater ia l  is not 
only unsight ly  and difficult to handle but lacks many 
of the basic qualities tha t  arc desired in a shortening 
or margarine.  Fo r  shortening it lacks the creamy 
smoothness, the air  content, and the crystal  struc- 
ture that  arc required for ease in bat ter  mixing and 
the development  of p roper  volume and texture  in 
cake 1)aking. There would be a lack of homogeneity 
in both shortening and margar ine ,  and the pr in t ing  
of margar ine  would be impossible. To achieve these 
desirable qualities the f a t  mus t  be chilled (tuiekly 
or "p l a s t i c i zed . "  

Probably  the earliest device in general use for 
achieving the rap id  cooling of fa t  was the so-(:alle(I 
chill or lard roll. The roll was a hollow, horizontal 
cylinder fitted for  in ternal  cooling by means of brim, 
or ammonia.  By  ro ta t ing  the lower por t ion of the 
roll through a pool of molten fat, a relat ively thin 
fihn was picked up and cooled below its crystalliza- 
tion point  as the d rum ro ta ted ;  the senti-solid layer  
was scraped off by a doctor blade�9 The supercooled 
fa t  then dropped  into a horizontal t rough or picker 
pan, in which a longitudinal  shaft  car ry ing  a number 
of paddle blades rotated.  As the fa t  was supercooled, 
crystall ization would continue in the picker pan 
while the paddle  blades beat  in air, creamed the 
product,  and moved it toward the discharge end. 
At  this point  a steam p u m p  picked up the shortening 
and forced it at  high pressure through a small ori- 
fice or slot in order  to complete the homogenization 
of air  and oil and minimize graininess. While the 
process was a vast  improvement  over chilling in 
.water and while some people still insist tha t  today ' s  
margar ine  i sn ' t  as good as the roll product ,  the chill 
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:FIG. 3. Effect of bleaching agents on chlorophyll removal 
from refined soybean oil. 

roll had many  faul ts  with respect  to control and 
efficiency. 

In  the early 1930's work aimed at the develop- 
ment  of improved heat - t ransfer  equipment  for  the 
freezing of ice cream led to the perfect ion of a con- 
t inuous internal  (.hilling machine tha t  was soon ap- 
plied to the plasticization of shortening and margar -  
ine (31). The liquid fa t  or marga r ine  emulsion to 
be chilled is pumped  into the relat ively small annu la r  
space between the outer  jacket,  through which the 
re f r ige ran t  passes, and the large inner muta to r  shaft .  
As the oil contacts the coht jacket  wall, it congeals 
but  is instmlt ly scroped off by two rows of floating 
scral)er 1)lades at tached to tile rap id ly  ro ta t ing  mu- 
tator. This repeated high-speed c~ongealing-seraping 
se(tuencc provides extremely high heat  t ransfer  rates 
and a homogeneous product .  The muta to r  may  be 
hollow and heated slightly l)y means of warm water  
in ordcr  to prevent  the format ion of adher ing masses 
of crystallized fat.  

In  the usual shortening plasticizing process (32) 
the fat, at  about  130-160 ~ F., is fed to a constant- 
level tank  and then picked ul) by a gear pump,  
which maintains  a p r e ~ n r c  of 300 to 400 Ibs. p.s.i. 
on the chilling system. Air' or ni t rogen is introduced 
into the suction side of this p u m p  in sufficient quan- 
t i ty  to provide about  10-15% by  volume in the fin- 
ished product.  The oil and air  mix ture  leaving the 
l)unq) is 1)fought to about 115-120 ~ F. in a water- 
cooh, d exchanger bcfore passing through the Vota tor  
unit, which is general ly cooled by tile direct expan- 
sion of anunonia. All-vegetable shortenings will nor- 
mal ly  leave tile chiller at  about  55-60 ~ F., and ani- 
mal fa t  products  about l0 ~ higher. While very  
fluid, this supercooled fa t  will set up rap id ly  if 
allowed to remain quiet for  but  a moment.  In  order  
to complete the crystal l ization while re ta ining a fine 
crystal  s tructure,  the fa t  f rom the chiller is sent 
through a cylindrical  " B "  unit  (or two in series) 
equipped with a ro ta t ing  longitudinal  shaf t  having 
prongs that  in termesh with s ta t ionary  prongs pro- 
jeet ing f rom the sides of the cylinder. This " w o rk -  
ing B "  unit  has the effect of the previously-men- 
tioned picker pan. Because of the crystal l ization 
taking place, the t empera tu re  of the fa t  will rise 
about 15 -25~  while passing through the unit�9 
The fa t  f rom the " B "  unit,  still under  pressure,  is 
then extruded th rough  a t ex tu ra t ing  valve;  the sud- 
den reduction in pressure releases the occluded or 
dissolved air  or ni t rogen in the fo rm of microscopic 
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bubbles, and the shearing action fu r the r  homogenizes 
the mixture.  A second gear p u m p  is then used to 
br ing the pressure back up to 300-400 p.s.i.g, and 
deliver it through a second t ex tu ra t ing  valve to the 
filling equipment.  The chilling of margar ine  is a 
sinlilar process except that  "qu iescen t  B "  units and 
lower operat ing tempera tures  are used in order to 
provide a firm body suitable for p r in t ing  ra ther  than 
the c reamy consistency desired in shortenings. 

Al though no chemical changes take place in the 
plasticizing operation, the physical  changes brought  
about  affect both the appearance  and the ut i l i ty of 
the product .  Before the fa t  enters the chilling sys- 
tem, care must  be taken to have the t empera tu re  
constallt to blsure mf i formi ty  of cooling. Drawing  
f rom a constallt-lcvel tank  is necessary to provide a 
constant  feed rate alld, through this, a constant  ratio 
of air  or nitrogen to eih Ulfless the air  is controlled 
all(] proper ly  distributed, streaks m a y  result  and fill 
levels will vary.  St reaking will also occur if pres- 
sures fluctuate or tcxturat i l lg  valves are clogged or 
out of adjustmcllt .  The accumulat ion of hard  stock 
oil the muta to r  can result  in poor p roduc t  texture  
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:FIG. 4. S e m i c o n t i n u o u s  d e o d o r i z e r .  

and can throw the scraper  blades out of p roper  align- 
nlent. Residence time and shaft  speed in the " B "  
unit  must  be so controlled as to allow fa i r ly  complete 
crystal l ization together with sufficient working to 
give a smooth body. The rise in t empera tu re  or 
" k i c k "  in the package because of f u r t he r  crystalli- 
zation should be as low as possible, usual ly  less than 
a few degrees. Even with the product  in the package 
however processing and the need for  careful  control 
is not finished as temper ing  plays an impor t an t  par t  
in the a t ta inment  of quality. This will p robably  be 
touched upon in a later  paper .  
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