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column. Special molybdenum steel alloys are used to 
prevent corrosion. 

The first column, fed continuously with split soap- 
stock, removes moisture, low-boiling unsaponifiable 
matter, odorous constituents, low-boiling coloring mat- 
ter, and some low-boiling fa t ty  acids. The residue 
from this column is fed into the side of the second 
column, where the major  fractionation by chain length 
occurs. A palmitic acid fraction is removed from the 
top of the second column. The main linoleie-oleic 
fraction may be taken off at a lower point in the 
second column, or the residue from the second column 
may be fed to the third column, where the linoleic- 
oleie fraction is taken off overhead. The final undis- 
tilled residue is withdrawn from the bottom of the 
third column and is fur ther  treated in a separate 
pitch still to produce pitch of required properties. 

By thus removing the saturated acids from cot- 
tonseed acids by distillation or crystallization, the 
composition is changed from that of a slow or semi- 
drying oil (iodine value of 100 with 40-45% linoleic 
acid) to that  of a drying oil (iodine value over 130 
with 55 to 60% linoleic acid). Similarly, soy acids 
with iodine values over 140 with 60-65% linoleic 
and 5-8% linolenic acid, can be made. Very light- 
colored acids can be produced by fractional distil- 
lation. 

These fraetionated cottonseed and soy acids are 
used extensively for making air-drying and baking 
alkyd resins for use in protective coatings such as 
paints, enamels, and varnishes. The low linolenic 
count of soy acids, and its absence in fractionated 
cottonseed acids results in drying alkyds with a mini- 

mum of after-yellowing. This is especially desirable 
in white and light-colored enamels. 

Fractional  vacuum distillation is also used in frac- 
tionating coconut oil acids, which contain acids rang- 
ing from eaproic and eapric acids up to the 18 carbon 
acids. The principal acid is the laurie acid, which is 
readily obtained 90-95% pure. 

Refractionation also affords the other component 
acids, capric, caprylic, and myristic acids, in equal 
purity. 

Similarly stearic and palmitic acids over 90% pure 
are produced by fractional distillation of hydrogen- 
ated fractions of cottongeed and soy acids made from 
soapstocks. 

Thus fractional distillation and crystallization of 
the fa t ty  acids which are produced as by-products 
of vegetable oil refining now afford a series of fa t ty  
acids whose composition can be controlled to a con- 
siderable degree, compared to the mixture 'of acids 
which occur natural ly  as glycerides. This control of 
composition makes them of use as chemical start ing 
materials for many applications where the unfrac- 
tionated acids would be useless or less desirable. 
Where the na tura l  composition of fa t ty  acids is ac- 
ceptable and the natural  chemical combination with 
glycerol is desirable, the oils as such will maintain 
their useful place as raw materials for industrial uses. 
In  uses where composition is important,  and where the 
free acid affords more latitude or convenience in re- 
synthesis of new materials, fraetionated acids will find 
an increasing field of use, part icularly as new knowl- 
edge is gained as to the effect of composition to the 
properties and usefulness of fa t ty  acids. 

Recovery of Animal Fats 
CLARK B. ROSE, Darling and Company, Chicago, Illinois 

T H E  general field of fats and oils has developed 
technologically into a varied and viciously com- 
petitive one. I t  covers all of man ' s  general classi- 

fications for matter, animal, vegetable, or mineral. 
The struggle for progress has been energized by 

human motivation of pleas- 
ure,  p ro f i t ,  and  more  re- 
cently the desperate one of 
survival. The seriousness 
of the struggle for survival 
has  been  a g g r a v a t e d  in  
some instances by the fail- 
ure to recognize and prac- 
t i ce  some of  t he  n a t u r a l  
fundamentals that  control 
the very existence of the 
industry. 

Any  intelligent approach 
to the proper evaluation of 
optimum methods for pro- 
ducing animal fat products 
implicitly requires that the 
evaluation include the com- 
p e t i t i v e  p o s i t i o n  of the 

Clark Rose process not only within the 
animal fat  industry, but 

also competitively to the corresponding mineral and 
vegetable products and processes. 

The development of new frontiers in the production 
and utilization of animal fats must therefore never 
overlook these fundamental  factors: 

I. Animals not intended for edible uses cannot economically 
be produced solely as a source of fats. Therefore the 
recovery of animal fats is of necessity a by-product 
process. This is of extreme importance in the ~survival" 
picture since it follows that low net production cost is of 
paramount importance. 

2. As a compensating corollary, it follows that there will 
always be a C'rendering" industry since inedibles must 
be disposed of. The nature of the disposal will be dictated 
by the economics of the best plan for such disposal. 

3. As a by-product industry, the volume of raw material is 
relatively inflexible and measured only by the production 
and consumption of edible products. This seriously limits 
its end-use competitively with mineral or vegetable sources 
where supplies can be developed in line with demand. 

4. In the animal by-products economy, the revenue from the 
recovery of fats is not necessarily the principal source of 
process revenue. At times other products may have the 
higher market value so that fat or oil may be in reality a 
by-product of a by-product. Fat may be 20% to 80% of 
the product revenue, and this fact serves definitely to limit 
the process selection since the specifications of the other 
products play u big part in the process eeonomlcs. Pro- 
teins, minerals, biologicals, and other products have to be 
considered. 

5. The various segments of the livestock, packing, canning, 
and merchandising elements of the meat industries all 
contribute their particular share of the raw materials 
supply, varying both in nature and quality. Raw material 
diversification is quite extensive. 
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The conclus ion  t h a t  fol lows these  f ac to r s  r e q u i r e s  
t ha t  a n i m a l  f a t  r ecove ry  m u s t  be i n h e r e n t l y  low-cost ,  
necessa r i ly  efficient, a n d  capab le  of  g r e a t  v e r s a t i l i t y  
as to r aw  m a t e r i a l  consumpt ion ,  p r o d u c i n g  p r o d u c t s  
of u n i f o r m l y  h igh  q u a l i t y  a t  m a x i m u m  yie lds .  This  
is the  p a t t e r n  fo r  surv iva l .  

Raw Materials 
H a v i n g  r eached  th is  conclus ion,  the  f irst  cons idera -  

t ion  in e v a l u a t i n g  a r e n d e r i n g  process  c o m p e t i t i v e l y  
is the  quest ion,  " w h a t  r a w  m a t e r i a l s  is i t  r e q u i r e d  to 
h a n d l e ? "  The  gene ra l  sources  of r a w  m a t e r i a l s  for  
a n i m a l  f a t s  in  the  chrono log ica l  sequence of t h e i r  
a v a i l a b i l i t y  a re :  

1. Dead s tock--Fal len  f a r m  a n i m a l s  be c a us e  of  a g e ,  d i sease ,  
accident, weather, exposure, etc. 

2. Slaughter by-products--15 to 100 lbs. of raw material per 
animal slaughtered make up the material in this classifi- 
cation, which includes viscera, trimmings, heads, feet, 
catch basin skimmings, and condemned carcasses., 

3. Wholesale cutting and boning--This includes the trim 
bones, and trimmings from operations producing canned 
and boneless products and primal cuts, or special products 
for hotel, restaurant, and retail trade. 

4. Retail marIcets--This includes the fat and bone scrap 
trimmings produced in retail store operations incident to 
retail merchandising of the meat. 

5. Hotel and restaurant scrap--Which comprises the scrap, 
both raw and cooked, from the operation of public res- 
taurants. In this category should be classified the "house- 
hold grease" which was salvaged during the war with 
rationing as its motivation but which is not economical, 
practical, or popular in peace-time. 

Cons ide r a t i on  of these  c lass i f ica t ions  wi l l  l e ad  
qu ick ly  to the  conclus ion  t h a t  the  source,  qua l i t y ,  
condi t ion ,  a n d  n a t u r e  of the  r a w  m a t e r i a l s  fo r  ined ib le  
r e n d e r i n g  wi l l  v a r y  wide ly ,  a n d  q u a l i t y  a n d  un i -  
f o r m i t y  h inge  on ca r e fu l  con t ro l  of a l l  ope r a t i ons  
f rom the  t ime  of  i n i t i a l  p r o d u c t i o n  of the  r a w  m a t e r i a l  
t h r o u g h  p rocess ing  to the  f in ished  p r o d u c t .  

Q u a l i t y  wi l l  have  to be a t t a i n e d  by  c a r e f u l  se lect ion 
a n d  p r o m p t  a n d  con t ro l l ed  h a n d l i n g  t h r o u g h o u t  
process ing.  U n i f o r m i t y  m a y  be a s su r ed  e i the r  by  
spec ia l i z ing  on one r a w  m a t e r i a l  source,  such  as a 
s ingle  p a c k i n g  house, or b y  c o n d u c t i n g  a we l l -ba l anced  
and ,  in  genera l ,  a b r o a d  o p e r a t i o n  se rv i c ing  a l l  sources  
of m a t e r i a l  in  a heav i l y  p o p u l a t e d  area.  

As  in most  process  i ndus t r i e s ,  i t  fol lows t h a t  l a rge -  
scale r e n d e r i n g  ope ra t i ons  wi l l  have  i n h e r e n t  advan -  

TABLE I 
Desirable Rendering Product Specifications 

Yield 

Contamination 
by other com- 
ponents of the 
raw material 

Chief chemical 
component on 
which value is 
based 

Secondary com- 
ponents influenc- 
ing value 

Color 

Odor 

Texture 

Composition 

Biological value 

Palatability 

Fats 

Maximum 

None 

Glycerides 

Free fatty acid 
Non-fats 

Light original 
and bleachable 

Good 

Uniform 

Uniform 

High 

High 

Proteins 

Maximum 

Permissible but 
desired low as 
they have no 
market  value 

Animal protein 

Minerals 
Vitamins 
Biological a,ssay 

Light tau 

Good 

Uniform 

Uniform 

High 

High 

Minerals 

Maximum 

Desired low 
No market  value 

Animal 
phosphates 

Biological value 
over mineral 
phosphates 

White 

Neutral or bland 

Uniform 

Uniform 

High 

I t igh 

Storage stability High High lt igh 

t ages  over  a smal l  one in  the  e lements  of p r o d u c t  
u n i f o r m i t y  a n d  of q u a l i t y  con t ro l  because  of  the  
a b i l i t y  to m a i n t a i n  to a d v a n t a g e  the  ba lance  in  r aw  
m a t e r i a l  s u p p l y ,  m a t e r i a l  se lect ion a n d  segrega t ion ,  
a n d  p r o p e r  process  h a n d l i n g  to meet  the  d e m a n d s  of 
the  bas ic  f u n d a m e n t a l  f ac to r s  desc r ibed  ear l ie r .  

Rendering Product Specifications 
H a v i n g  no ted  the  n a t u r e  a n d  sources  of  the  avai l -  

ab le  r a w  n la te r ia l s ,  the  d e v e l o p m e n t  of the  p r o p e r  
p rocess ing  m u s t  also t ake  in to  account  the  specifica- 
t ions  r e q u i r e d  in  the  f in ished  p roduc t s .  As  no ted  
ear l ie r ,  the  q u a l i t y  of the  p ro t e in ,  m ine ra l ,  a n d  per -  
h a p s  b io logica l  p r o d u c t s  which  a re  o f t en  p r i m a r y  
p r o d u c t s  mus t  a l l  be g iven  due  c ons ide r a t i on  as wel l  
as  t h a t  of the  fa t .  W h e r e  b io log ica l s  a re  no t  involved ,  
the  ge ne ra l  c lass i f ica t ion  of qua l i t i e s  des i r ed  in  the  
p r o d u c t s  m a y  be c o n v e n i e n t l y  classif ied as t h e y  a p p e a r  
in  Table  I. 

More  specif ical ly ,  the  m a r k e t  va lue  of the  f a t  
p r o d u c t s  f r o m  r e n d e r i n g  a r e  d e t e r m i n e d  by  well-  
e s t ab l i shed  t r a d i n g  specif icat ions ,  which  m a y  be sum- 
m a r i z e d  at  J u l y  1, 1954 m a r k e t s  as shown in  Tab le  I I .  
C h a r a c t e r i s t i c a l l y ,  Tab le  I I  i nd i ca t e s  a s p r e a d  of 25 
to 50% in p r o d u c t  va lue  be tween  the  lowest  a n d  h igh-  
est g r a d e s  of t a l lows  a n d  greases .  

F o r t u n a t e l y ,  in  genera l ,  those bas ic  process  p r i n -  
c iples  which  p r o d u c e  the  h ighes t  va lue  in  f a t  p r o d u c t s  
also p r o d u c e  the  h ighes t  va lue  in  p r o t e i n  a n d  m i n e r a l  
p r o d u c t s  as we u n d e r s t a n d  t h e m  a t  th is  t ime.  

Basic Principles Affecting Rendering Quality 
F o u r  bas ic  phys ico-chemica I  p r i n c i p l e s  serve  to 

gu ide  a n y  good f a t  r e c o v e r y  o p e r a t i o n  a n d  the  selec- 
t ion  of  a process  fo r  it. E v e r y  r e n d e r e r  p i t s  his  effort  
a n d  i n g e n u i t y  a g a i n s t  these  e lements  in  s t r i v i n g  to 
get  the  best  economic r e t u r n  f r o m  his  o p e r a t i o n :  

1. Time is a factor constantly working against quality from 
the time the raw material becomes available at its source 
until the finished products are finally prepared for ship- 
ment. 

2. Temperature is also a relentless enemy unless under strict 
control. Here, as in most chemical reactions, the old rule 
of a rise of 10°C. doubling a reaction rate applies vicious- 
ly, especially on raw material hydrolysis and, in addition, 
the temperature areas where proteolytic bacteria thrive 
are particularly destructive to product quality and values. 

3. Bacteria and enzymes arc nature's competitors to the 
renderers' efforts to delay deterioration. Their effect, if 
uncontrolled, is tremendous. 

4. Moisture, nature's relentless solvent and reagent, works 
to expedite the deterioration of the renderers' raw ma- 
terials and products. The renderers' principal troubles 
arise either from not eliminating it soon enough, or com- 
pletely enough, or under proper conditions. 

These a re  the  a d v e r s a r i e s  in  the  s t r u g g l e  to p r o d u c e  
top  qua l i t y .  T h e y  a re  t r u l y  the  " F o u r  H o r s e m e n "  
fo r  t h e y  never  s t r i ke  alone.  The  effect of  each is m u l t i -  
p l i ed  b y  i ts  c a t a l y t i c  effect on the  o the r  three .  A 
sound  r e c o v e r y  m e t h o d  m u s t  a d e q u a t e l y  con t ro l  a l l  
four .  

Criteria for Evaluating a Rendering Process 

A s s u m i n g  t h a t  t he  r a w  m a t e r i a l  has  been  de l ive red  
to the  p rocess ing  u n i t  w i th  a l l  of the  care  a n d  d i s p a t c h  
t h a t  economics wi l l  p e r m i t ,  the  r e n d e r i n g  o p e r a t i o n  
i t se l f  shou ld  meet ,  as economica l ly  as possible,  the  
fo l lowing  c r i t e r i a :  

1. The process should deliver the theoretical yield of prod- 
ucts as determined in the raw material. 

2. The process should produce product quality equivalent to 
that known to be in the raw material as received. 
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TABLE I I  
Standard Tallow and Grease Specifications 

Fancy ................................. 
Bleachable Fancy ..................................... 

~ Pr ime .................................. 
- Special 
"~ No. 1.., 

SoL 3 .................................... 
No. 2 .......................................................... 

Ghoice White ...................... 
A-White .......................................... 
B -White ..... 

~ Yellow ...................................................... 
House ................. 
Brown ....................... , .............................. 

Free Fat ty  
Acid % Max. 

4 
4 
6 

10 
15 
20 
35 

4 
8 

10 
15 
20 
35 

or over 

H20, Unsap. and 
Insol. % Max. 

Maximum Color 

Raw F AO 

7 

19 
37 
39 

11 
15 
19 
37 
39 

Refine-Bleach 
Lovibond Red 

2 
2 

2 
. . . ,  

Titer ° C. 
Minimum 

4 1 . 5  
4 1 . 5  
4 0 . 5  
4 0 . 5  
4 0 . 5  
4 0 . 5  
4 0 . 0  

37.5 
37.5 
37.0 
37.0 
37.0 
37.0 

Approx. ~ralue 
e/Lb. on 
7 / 1 / 5 4  

6 
5% 
5% 
5 K  
5 
4% 
4 %  

6 ¸ 
5 %  
5% 
5 
4 %  

3. The  p r o c e s s  m u s t  b e  su f f i c i en t ly  f l ex ib le  to  h a n d l e  eco- 
n o m i c a l l y  a n d  e f f i c ien t ly  a l l  t h e  c l a s s i f i c a t i o n s  of  r a w  ma-  
t e r i a l  to  w h i c h  i t  w i l l  be  a p p l i e d .  

4. The  p r o c e s s  m u s t  a d e q u a t e l y  m a i n t a i n  i t s  e f f ic iency a n d  
q u a l i t y  u n d e r  v a r i a b l e  l o a d  c o n d i t i o n s  f r o m  d a y  to  d a y  
a n d  s e a s o n  to  s e a s o n  as  t h e  s u p p l y  of  r a w  m a t e r i a l  v a r i e s .  

5. T h e  p r o c e s s  m u s t  b e  i n h e r e n t l y  s e l f - c o n t a i n e d  and. c l ean ,  
p r o d u c i n g  no n u i s a n c e s ,  a n d  p r e f e r a b l y  no  p roce s s  dis-  
c h a r g e  t h a t  i s  n o t  a s a l e a b l e  p r o d u c t .  

6. The  p r o c e s s  s h o u l d  r e q u i r e  a m i n i m u m  of  l a b o r ,  a n d  o f  
e l e c t r i c a l ,  c h e m i c a l ,  a n d  t h e r m a l  e n e r g y .  

7. The  p r o c e s s  s h o u l d  be  a s  s i m p l e  as  p o s s i b l e  m e c h a n i c a l l y  
to  the  e n d  t h a t  c a p i t a l  i n v e s t m e n t ,  r e p a i r ,  r e p l a c e m e n t ,  
t a x e s ,  a n d  i n s u r a n c e  cos t s  a r e  k e p t  to  a m i n i m u m .  I n  by-  
p r o d u c t  i n d u s t r i e s  t h i s  f a c t o r  i s  o f t e n  ove r looked .  I n  
g e n e r a l ,  a r e d u c t i o n  of  $ ] 0 0  p e r  m o n t h  i n  e x p e n s e s  is  
e q u i v a l e n t  i n  p ro f i t  to  a d d i n g  a n d  s u p p l y i n g  a $100,000- 
p e r - y e a r  c u s t o m e r ,  a n d  o f t e n  the  cos t  r e d u c t i o n  j o b  is  
e a s i e r  to  a c c o m p l i s h .  

Fat Recovery Processes 
All fat recovery processes involve a series of basic 

operations which may be performed to various degrees 
of completeness or in variations of order. These basic 
operations include: preparation of raw material, de- 
hydration, separation of fat  from the solid residue, 
processing of fat to finished product, and processing 
of residue to a feed product. 

Evaluation of the essential processes practiced and 
proposed will be attempted on the basis of the salient 
features that distinguish the various methods from 
each other. 

Open Kettle Rendering 
This is the beginning of the industry and is still 

practiced where farm butchering is done without 
benefit of cl~stom slaughtering. The inedible waste 

I PREPARA'nON OF 1 
RAW MATERIAL I 

A,a V E N T  - I l t SALT 
WATER I ~ '=IR~N01~RING TANH, i 

I PAm'IAL U" I ~ 

5TEAN 

l~'ie. 1. S t e a m  or  w e t  r e n d e r i n g  p r o c e s s .  

products from slaughtering are boiled with water, and 
the fat which floats to the surface is skimmed off and 
dried. The residue is fed to farm stock. 

The tallow product often finds its way into ecru- 
mercial markets through traveling dealers, who also 
purchase hides and other farm products. The process 
is the ultimate in simplicity but fails economically in 
every other respect. 

Steam or Wet Rendering 
This process, developed initially to produce edible 

fats when the industry was young and chemical en- 
gineering techniques had not been applied to the 
industry, is still used although, except for edible fats, 
it is in a distinct state of decline. The flowsheet is 
described by Figure 1. While producing fat of good 
quality, the process does not produce a protein prod- 
uct of comparable quality and does so at relatively 
high cost and low efficiency. 

Dry Rendering 
This process, Figure 2, named for the basic dehy- 

drating equipment, is operated with several modifiea- 
tions of auxiliary equipment which differ essentially 
in the method used to remove the fat retained in the 
dehydrated product after draining the free run tallow. 

The hydraulic press modification is directly com- 
parable to the wet rendering process described pre- 
viously. Basically this process is lower in operating 
cost and can produce tallow quality from higher 

I PREPARATION OF" 
RAW MATF-.~IAL 1 

3TEAH TO 1 
JACKET 1 t 

AG i TATED- ,JACKETED 
RENDER NG TANK 

SOLI D~ TALLOW 

l 
HYDRAULIC PRESS I .. 
OR. E;~pF_.LLE1R. OR. 

' 5°LVENT iXTRACTtON' [ 

DE- FAr'RED t ~ - ~ F t N i ~ . t . N G  
ICRACKLINGI 

l I F'NtSHE, I 
I FINIS~iED I TALLOW I 
IC~.~CI~LI NG 

FIG. 2. D ry  render ing process, 

VAPOR -t'O 
CONDENSE~ 
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yielding materials eqnivalent to wet rendering. Tal- 
low quality on lower yielding material may be inferior 
to wet rendering but is at a decidedly lower cost. 
Protein quality by dry rendering is superior in most 
respects. 

There are two other modifications of dry rendering 
that merit attention. The Expeller process substitutes 
a continuous worm or screw-press for the batch hy- 
draulic press. By reason of design for conditioning 
and pressing a small quantity continuously, this unit 
is capable of lowering the residual tallow left in the 
residue below that obtained by hydraulic pressing. 
Offsetting this advantage somewhat are a relatively 
high power' cost and more mechanical maintenance 
than with hydraulic pressing. If  properly operated, 
there is little difference in quality of tallow product, 
but the friction produced in the expeller barrel may 
darken the tallow if excessive. The Expeller protein 
product is more desirable because of ease in grinding, 
which tends to offset some of the power used for the 
expeller operation. The hydraulic and expeller opera- 
tions are closely comparable, with the individual plant 
operation largely determining which is best. In strong 
tallow markets the Expeller should have an economic 
edge. 

The third modification of the dry rendering process 
is the solvent-extraction process. After dehydrating 
and draining free tallow, the greasy residue is washed 
repeatedly, or continuously, with hydrocarbon or 
organic solvents to dissolve the fat. The solvent mis- 
cella is then distilled and stripped off of the fat and 
the tallow product recovered. Solvent is removed from 
the residue by steam-stripping and all solvent con- 
densed and recovered for re-use. 

The solvent process is a decided complication, and 
therefore a higher cost, compared to the hydraulic 
press or Expeller methods. It  also has in¢rinsic fire 
hazards attending the operation. It  has to justify its 
use economically by an additional 4 to 6% tallow 
yield recovery. This set of conditions requires that 
the process have large tonnage and a good tallow 
market for economical operation. 

Tallow quality from solvent-extraction is equivalent 
to other methods, and protein quality is superior in 
some respects. The residue is lighter in color, higher 
in protein and mineral content, lower in fat, and 
generalIy more bland and neutral in odor. The biologi- 
cal values are unimpaired by the extraction process. 

Lowry Circulating Rendering 
This process, Figure 3, now over 20 years old, was 

developed by T. K. Lowry of Darling and Company, 

PRF.PARAT'I 0 N OF 
RAW MATERIAL I 

I 
_lAG ITA'TED. TANK I 

5"r~AH -!M~>~ER FOR CHARGEI 
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FIG. 3. C i rcu la t ing  r ende r ing  process.  

following a study of the basic principles of cooking, 
and makes use of three fundamentals of cooking 
efficiency: 

1. Cooking is done unde r  v a c u u m  a n d  a t  low indi rec t  s t e am  
t e m p e r a t u r e s  to conserve tal low qual i ty .  

2. H e a t  t r a n s f e r  is improved  by  c i r cu la t ing  the cooker con- 
t en t s  r ap id ly  t h r o u g h  a l a rge  a r ea  hea t e r  sec t ion b y  
conveyor  or pump .  

3. H e a t  t r a n s f e r  is f u r t h e r  improved,  especial ly  for  low fat 
conten t  raw mater ia l ,  by  a d d i n g  l iquid  ta l low as  a primer 
so t h a t  a fluid m a s s  is immed ia t e ly  ava i lab le  whe n  charged 
to the  cooker. 

Chayen "Impulse" Rendering 
This process, Figure 4, developed by British Glues 

and Chemicals Ltd., is now about five years old. It  is 
an innovation in that pretreatment of the raw material 
before fat recovery is carried to a more complete state 
of mechanical disintegration than is common in other 

, ? 
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.FIG. 4. Impu l se  render ing .  

processes. Also a large volume of water (seven to nine 
times the weight of raw material) passes through the 
mill with the raw material or washes the ground ma- 
terial in a series of first cold and then hot washes. 
Separation of the resulting slurry of fat, protein, 
water, and bony material is then carried out in settling 
units, followed by a series of heaters and centrifuges 
which render and separate the fat from the water and 
protein. The products are delivered wet and require 
subsequent drying, and although something over half 
the water is recirculated in the system, the balance is 
separated as waste or goes out in the defatted products 
to drying. 

The use and discharge of large volumes of water, 
the heavy investment in centrifuge equipment and 
the emulsions and water-borne losses resulting with 
some raw materials have discouraged its use except 
for preparation and defatting of bones for glue. 

Kingan Continuous Rem~dering 
This process, Figure 5, is relatively new and, as yet, 

is limited in the best application to raw fats free of 
bone or other materials. The raw material is first 
finely ground, then pumped through a Votator or 
other heat exchanger, then ground again in a hammer 
mill. This macerates it sufficiently to permit separa- 
tion of the rendered fat from the protein and water 
by a nozzlematic type centrifuge. The wet protein 
residue then is either discharged to the sewer or dried 
by conventional dry rendering equipment. 
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I~IG. 5. Kingan continuous fa t  rendering. 

This process appears to be a forward  step, because 
of short process time, in its initially conceived field of 
oleo oil production. Its application to general render- 
ing appears limited by  basic mechanical problems in- 
herent  in the selection of its fundamental  processing 
units. 

Vio-Bin Azeotropic Rendering 
This process, F igure  6, developed by Vio-Bin Cor- 

porat ion of Monticello, Ill., had its inception in low- 
temperature  solvent-extraction of animal and vege- 
table materials for biological products. I t  uses the 
well-known principle of azeotropic distillation of im- 
miscible liquids sinmltaneously to extract  the fat  and 
dehydrate  the raw materials at the azeotropic tem- 
perature  of water and the solvent employed. F o r  
example, heptane boiling normally at 192°F., in con- 
tact  with water, boils at 176°F. 

Careful  analysis of this process requires at tention 
to three other physico-chemical properties of immis- 
cible liquids: 

1. The liquids will boll at  the azeotropie temperature until 
one or the other is totally evaporated and then change to 
the boiling point of the liquid remaining. 

2. The vapor evaporating is of constant composition deter- 
mined by the relative vapor pressures and molecular 
weights of water and solvents at the azeotropie tempera- 
ture. Thus heptane over water at 176°F. produces a vapor 
87% heptane and 13% water by weight. I t  is necessary 
to evaporate 6½ lbs. of heptane for each pound of water 
removed from the raw material. This heat input repre- 
sents lost efficiency compared to dry rendering and is in 
addition to that  required to recover the solvent from the 
fa t  af ter  cooking is complete. 

r':o?:,,o 5 

WATER T O J  

FIG. 6. Azeotroplo solvent rendering. 

3. The latent heats of vaporization of water and heptane are 
990 and 137 B.T.U. per lb., respectively, and the specific 
heats are 1.0 and 0.36 B.T.U. per lb. per °F. The steam 
rendering efficiency of the Vio-Bin cooking process is thus 
theoretically 51% of that  of the dry rendering process. 

After  dehydrat ion the solvent-fat solution is per- 
colated off of the protein-mineral  residue, and the 
residue is rinsed with sufficient fresh solvent to com- 
plete removal of the tallow yield. The solvent-wet 
residue and the fat-solvent solution are then recovered 
in conventional solvent-recovery equipment, using 
steam for s t r ipping out residual solvent. 

Solvent losses would be a very  positive problem and 
cost factor because of the big volume of solvent dis- 
tilled, condensed, and separated f rom water. The 
process may  be applicable to some materials, such as 
catch basin skimmings, which are hard  to  handle in 
other processes. 

Dry Melter--Steam Tube Dryer Process 
This technique, F igure  7, has been proposed to 

increase d r y  render ing uni t  capacity. I t  consists of 
a steam tube dryer  following the usual d ry  melter. 
The variat ion arises in the use of the d ry  melter only 
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FzG. 7. Dry mel ter- -s team tube dryer process. 

for  the purpose of heating the fat  sufficiently to free 
the tallow. Free  run  tallow is then drained, and the 
wet greasy residue at about 40% moisture is dried in 
the steam tube dryer  at 125-1b. steam pressure. Dryer 
processing time is about 40 minutes. The d e h y d r a t e d  
dryer  product  is then processed for fa t  recovery by  
conventional means, such as hydraul ic  pressing. 

The method offers some advantages as a semi-con- 
tinuous unit. I t  has a very  serious disadvantage in 
that a steam tube dryer  is poorly contained and may 
be a nuisance problem from odors which escape. On 
this point it needs fur ther  development. 

Enzyme Rendering 
The use of enzymes such as Protease for cold render- 

ing of fats was proposed about five years ago. The raw 
material is hashed to a very  fine state in a meat grinder 
while the enzyme is added to the material  at the same 
time. The material  is then incubated in a vat  while the 
enzymes break down the tissues. The hydrolyzed prod- 
uct is then dehydrated and the fat  separated by con- 
ventional means, which at the same time destroy the 
enzyme. 

While the freeing of the fats is accomplished at 
lower temperature  with possible quality improvement, 
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Process 
Product Yield 

1. Tallow 
2. Protein 

Quality 
1. Tallow 
2. Protein 

Process Flexibility Waste Volume 
Cleanliness 
Nuisances 

Process Costs Simplicity 
and Special 

Features Raw Variable 1. Labor 3.5~aintenance 
Material Load 2. Energy 4. Investment  

1, Poor l ,  Good Flexible Versatile Waste high 1. Fair  3. High Complex 
Wet rendering 2. Poor 2. Fair  not contained Steam high 4. High Low efficiency 

Hydraulic 1. Poor Good Flexible ~Versatile Waste low 1. Fair  3. Fair Simple 
, press 2. Good not contained 2. Low 4. Low 

Fairly Waste low 1. Good 3. Fair  1. Fair  Good Versatile Simple Expeller 2. Good Flexible not contained Power high 4. Low 

Needs  high Well contained 1, Good 3. High Complex 
~' Solvent Good Good Flexible capacity and clean Steam high 4. High Solvent hazard 

extraction : Versatile waste low Solvent loss 

Circulating Same as dry Good Not equal Versatile Clean but 1. Good 3. Fair  to good Complex 
rendering rendering dry rendering not contained 2. Fair  4. High 

Impulse Lower than 1. Very good Best suited Lacks some Waste high 1. Good 3. I-Iigh Very complex 
rendering dry l:endering Bone very good to bone versatility not contained 2. High 4. High Large water  

usage  

1. Good High if Complex 
Kingan 1. Fair  1. Very good Fats only ; Waste high 2. High for protein is Intended for 
~ontinuous 2. P~'otein not 2. Poor if not bone Versatile well contained protein 
,rocess recovered recovered or meat recovered edibles recovery 

Waste low 1. Good 3. High Complex 
L'enderingAZe°tr°pic Good Good fineLimitedgrindingt° Versatile andWell cleanC°ntained Solvent Steam highloss 4. High Solvent hazard 

~Ielte~r--Steam Same as dry 1. Fair  Needs high Waste low 1. Good 3. Fair  Complex 
to good Flexible capacity very poorly 2. Fair  4. Fair  Semi- 

robe dryer rendering 2. Good Versatile contained continuous 

High-added 
Inherently Determined Limited to Can be clean ]. Good 

Enzyme lower than by process Versatile step retains Complex 
tendering fine grinding and contained 2. High drying to get 

dehydration control enzyme cost products 

the greater  care and control required, and the added 
processing step with its a t tendant  cost have appar -  
ent ly s topped any  fu r the r  work in this direction. The 
method shows a process energy loss ra ther  than  gain 
because of the fine gr inding required and the fact  
tha t  the products  still have to be dehydra ted  and  the 
fa t  and protein separated. 

The foregoing descriptions do not conclude the list 
of render ing processes available for  the processor of 
auimal  fa t  raw materials,  but  they cover the basic 
types.  Some of the others are the Laab  Pressure Sys- 
tem, the Ti tan Expuls ion System developed in Den- 
mark,  and the Pav ia  Heated  Roller process, which 
was patented in March of this year.  These others are 
substant ia l ly  modifications of the uni t  operations in- 
volved in the processes described or are based on 
similar principles. 

Table I I I  is an a t tempt  to present  in abbreviated 
fo rm the pr incipal  features  of the processes discussed 
a s  they relate to the seven factors  described earlier as 
cri teria for  render ing process evaluation. Their  very  

briefness makes difference of opinion about their  rela- 
tive evaluation probable. No a t tempt  to determine 
the best or bet ter  of the processes is intended. Such 
an evaluation must  be left  up to each individual  proc- 
essor to determine for  his own needs. This follows 
because such a selection must  weigh the factors of raw 
mater ia l  to be handled, utilities available, specific or 
special purpose intended, and local economic factors  
and personal  opinion factors on items subject to such 
judgment .  Table I I I  merely  is a summation of such 
informat ion as was available or seemed inherent  or 
appa ren t  to the processes 

Appl icat ion of the fundamenta l  and na tura l  prin-  
ciples of animal  fa t  recovery which have been outlined 
should serve to guide the processor in the process 
selection best suited for  his par t icular  conditions. The 
observance of physico-chemical factors occurring dur- 
ing the operat ion and intelligent care in the control 
and use of these variables will chart  the way to maxi- 
mum product  value at lowest uni t  cost. This is the 
pa t t e rn  not only for  survival  but for success. 

Marine Oils. Production, General Chemistry, 
and Utilization 
JOHN D. HETCHLER, Chemical Products Division, Archer-Daniels-Midland Company, 
Cleveland, Ohio 

T H E  fish oils of industr ial  importance in the United 
States come f rom three different variet ies of fish, 
p i l c h a r d ,  h e r r i n g ,  and menhaden. All are fre- 

quent ly called sardines. 
Pi lchard were former ly  found in the Pacific Ocean 

all along the Amer ican  coast, bu t  in recent years  the 

1Technical Paper  No. 131 from the Aroher-Daniels-Midla~d Com- 
pany. 

catch has been d e c r e a s i n g  d r a s t i c a l l y ,  first in the 
nor thern  waters, and now in the southern waters  as 
well. The reasons for this are not known, bu t  obvi- 
ously the effect on the marine oil indust ry  is very 
serious. The annual  catch has dropped f rom a maxi- 
mum of 1,500,000,000 lbs. to about  7,770,000 lbs. in 
]952. 

Pi lchard  spawn in the open sea as f a r  as 300 miles 


