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ta l low fa t ty  acids have been investigated on l abora to ry  
scale. The  results of  the  p re t rea t rnen t /hydrogena t ion  trials 
are summarized in Table  I. They ~ndicate that  p r e t r ea tmen t  
o f  the  fa t ty  acid with spent  catalyst  pr ior  to hydrogena t ion  
with  fresh catalyst  has some influence on catalyst  consump-  
tion. Approx ima te ly  40% Ni can be saved. The  results 
demons t ra t e  that, at least in the case of  ta l low fa t ty  acids, 

TABLE I 

Effect of  Pretreatment of  Split Tallow Fatty Acid (IV = 57.6) 
on Hydrogenation Rates ~ 

Run Pretreatment Final IV 

47.3 1 a No pretrearment 1 b 9.6 
41.3 2 a H a SO 4 wash 2b  4.5 

3 a O. 1% Ni (fresh), with filtration 40.8 
3b  4.2 

4 a 0.1% Ni (spent), with filtration 37.8 
4b  3.3 

5 a 0.1% Ni (spent), no filtration 39.2 
5b 4.4 

6 a 0.05% Ni (spent), no filtration 41.3 
6b  4.4 

7 a Straight distillation 5.8 7b  1.0 

t Standard hydrogenation conditions: 300 g fatty acid; 200 C; 
bar; 850 rpm; 150 min. 
Run a with 0.0625% Ni; run b with 0.25% Ni. 
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dist i l lat ion is by far the mos t  effect ive way to remove  im- 
purit ies adversely affect ing the hydrogena t ion  process. 
Under  the  s tated condi t ions  a split ta l low fa t ty  acid yie lded 
an IV o f  9.6, using 0.25% Ni. Af t e r  a straight dist i l lat ion of  
the split ta l low fa t ty  acid, the  corresponding hydrogena t ion  
trial ended at an IV of  5.8, a l though only 0.0625% Ni was 
applied. 

There  are also a few o ther  me thods  of  pre t rea t ing fa t ty  
acids pr ior  to hydrogenat ion ,  e.g., use of  bleaching earth. 
The  cost  o f  such pur i f ica t ion  steps has to be calculated and 
compared  with  catalyst  savings. The  mos t  economica l  way 
will depend  upon  local circumstances.  
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Fatty Acid Fractionation by Column Distillation: 
Purity, Energy Consumption and Operating Conditions 
HERMANN STAGE, ATT-Verfahrenstechnik GmbH, Ludgeristrasse 9, 4400 MOnster, 
West Germany 

ABSTRACT 

This paper discusses the optimal process conditions for production 
of individual fatty acids of any desired purity up to higher than 99% 
and describes especially the influences of column internals as well as 
exchange numbers, reflux ratios and fatty acid residence times at 
distillation temperatures. The new process conditions are character- 
ized by degasification at low temperatures followed by efficient 
dehydration together with separation of first cuts at high reflux 
ratios by short-time dephlegrnation. The design of columns for effi- 
ciency and low pressure drop is influenced by the thermal properties 
of crude acids and the quality demands on distillate fractions, Envi- 
ronmental requirements can be met by working without open 
steam. Bottom temperatures should not exceed 250 C, to prevent 
thermal degradation of fatty acids as well as corrosion of stainless 
steel. 

FATTY ACID FRACTIONATION IN THE PAST 

Industr ial  separat ion of  individual fa t ty  acids with high 
pur i ty  by co lumn dist i l lat ion f rom raw acids of  natural  
origin such as f rom split t ing dif ferent  kinds o f  vegetable oils 
or  animal  fats is a fairly new techn ique  (1-7). This  process 
came into use mainly  af ter  World War II using bubble  cap 
or  packed columns (8-13) with unsatura ted  open steam 
(14) for  lowering the  evapora t ion  tempera tures  to avoid 
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thermal  degradat ion of  the heat-sensit ive fa t ty  acids (15- 
17). Early pioneers  in this field were R. A. Pot ts  and F. B. 
White (1,8,9,11-14).  More recent ly ,  the  economics  and 
envi ronmenta l  regulations have changed decisively. Also the  
demands  for  pur i ty  have increased greatly. Therefore ,  new 
process principles became necessary which inf luenced 
e q u i p m e n t  cons t ruc t ion  as well as opera t ion  condi t ions  
(18-26). 

THE BASIS FOR A NEW FRACTIONATION PROCESS 

The  mos t  impor tan t  step in a new process was comple te  
removal  o f  open steam as part  of  developing new high effec- 
tive co lumn  cons t ruc t ion  with very low pressure drop,  
together  with new evapora t ion  and condensa t ion  systems 
(18-25). Besides using special dist i l lat ion co lumns  of  low 
pressure drop,  today ' s  process is character ized by effect ive 
film degasification at modera te ly  low temperatures ,  fol- 
lowed by eff ic ient  dehydra t ion  together  with separat ion of  
the  odor  cut  as first cuts at high reflux ratios by shor t - t ime 
dephlegmat ion  and a f i lm- type  pitch separat ion step. Ac- 
cording to Figure 1, the  precut  step consists of  a once- 
through falling film evapora tor  as stripping sect ion and an 
enriching zone designed as deph legmator  co lumn in the 
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OEAERATION DEHYDRATION AND PRECUT (one or twol COLUHN 
STAGE STAGE STAGEIS) 

PI TCH AND VAC UUH 
STAGE 

FEEl 

, @  
I 

PRECUT NO 1. FA" PI TC H 2. FA" 
DIST. DI ST 

FIG. 1. Flowsheet of today's fatty acid fractionation process. (1) Feedline, (4) film deaeration stage, (11) feed 
preheater/distillate cooler, (12) feed preheater/column dephlegmator condenser, (13) feed preheater/precut 
dephlegmator condenser, (14) end-preheater, (16) precut falling film stripper, (18) precut condenser, (19) pre- 
cut gas cooler, (23) precut separator, (25) column feed preheater, (26) flash pot, (27) fractlonation column, 
(30) column film evaporator for forced circulation, (31) column end-condenser, (32) mist separator, (34) cooling 
trap, (35) steam ejector stages, (36) hotwell, (37) columns distillate end-cooler, (38) vapor liquid separator with 
condenser of pitch stage, (39) falling film evaporator of pitch stage, (40) pitch cooler, (42) distillate cooler of 
pitch stage. 
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form of a vertical film-type bundle cooler. 
This new process for fatty acid distillation is based on 

our observation that fatty acids are extremely sensitive to 
heat, oxidation and corrosion effects (18-37). All are 
caused by the chemical constitution of fatty acid molecules 
with their reactive acid group at the end of a long carbon 
chain, mainly interrupted by one or more double bonds. As 
all effects are influenced by temperature and time, both 
have to be kept as low as possible, taking into consideration 
the special constitution of the fatty acids handled. We 
found that all three sensitivities require nearly the same 
limiting values for temperature and residence time. 

According to the results of our long-time laboratory 
tests, open steam cannot be used. Under its influence, low 
boiling degradation products formed are carried to the 
vacuum system and today, all over the world, this is not  
allowed because they cause extra water pollution problems. 
Since highest temperatures and residence times in column 
distillation equipment always occur in the bot tom sections 
of the evaporator, all product degradations such as oxida- 
tion and polymerization begin here. Therefore, its construc- 
tion and mode of operation are of special importance. 

Not only from the viewpoint of  fatty acid thermal and 
oxidation behavior, but  also in relation to environmental 
effects, the m o s t  serious point in each fatty acid distillation 
plant is strict control in the installation to avoid fatty acid 
oxidation causing product degradation and corrosion as 
well as water and air pollution (18-44). In our opinion, the 
best and only effective method to limit air leakages, espe- 
cially at high fat ty acid temperatures, consists in drastically 
reducing the seal area to the minimum possible, mainly by 
using welded connections for pipes and valves. In addition, 

at least all those flanges which are subjected to thermal 
stress should be designed in such a manner that the two 
parts can be additionally sealed by welding both together 
with a thin metal band (18-25,38-44). Figure 2 shows such 
a design with clamp screws. When necessary, this connec- 
tion can be easily separated with a cutting disc and can be 
reapplied later. For the same reason, in the high vacuum 

FIG. 2. Seal-welded flange joint with clamp-screws using a sheet 
strap. 
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area, one should use as fittings only valves with bellows or a 
special type  of  temperature-resistant ball valve. Further  on, 
for movement  of hot  fa t ty  acid products,  exclusively 
canned motor  pumps or those with magnetic coupling are 
preferable (18-25,38,39,45,46). With respect to the melting 
points of  the higher saturated fat ty  acids, they must  have 
separate provisions for electrical or steam heating. 

The resulting environmental loads depend on the compo- 
sition and the physical properties of the components  of the 
vapors (26,47-53) which are finally exhausted by the 
vacuum system. In this context,  the content  of  inert gas 
and water vapor together with their condensat ion behavior 
are particularly important.  Because of the water solubility 
of fa t ty  acids and byproducts  as well as fa t ty  acid vapor 
pressures at low temperatures shown in Figures 3-6, their 
content,  together with that  of  other organics present, will 
be determined by waste gas temperature as well as by waste 
water quantity,  especially in relation to dissolved lower 
fat ty  acids with less than 12 carbon atoms. To meet the 
environmental requirements of  less than 50 ppm organics/ 
m 3 w a t e r  effluent, waste gas loads of  vacuum system must  
be less than O. 1 m ~ of  fat ty  acid vapor/m 3 total  vapor flow- 
ing to the condenser and no open steam can be used in high 
vacuum fat ty  acid evaporation below 20 torr. Also under 
these condit ions in the distillation of coco and palm kernel 
fat ty acids, the content  of organics in the small precut  
water fraction will be higher by reason of solubility. There- 
fore, this fraction has to be cleaned in another way or 
burned, if it cannot be returned to a splitting installation. 

According to our experience (18-25), the limiting factor 
for corrosion in fat ty acid distillation (34-37) is, besides the 
temperature,  the molybdenum content  of the stainless steel 
used. For  fat ty acids with 12 and more carbon atoms, it 
should be at least 2.2% as long as the allowable limiting 
temperature values are not  exceeded. In accordance with 
thermal stabili ty and oxidat ion effects for saturated higher 
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FIG. 6. Relationship between vapor pressure of fatty acids and the 
temperature, with their carbon number as parameter. 

fat ty  acids and even for reasons of corrosion, temperatures 
above 260 C have to be avoided. For  lower fat ty  acids with 
less than 12 carbon atoms, molybdenum contents  higher 
than 2.2% are needed. Even though 3-4% molybdenum is 
desirable, it should not  fall below 2.5%. Because of the 
possibility of forming further acid groups by oxidation, the 
corrosivity of such mixtures increases with iodine value or 
the degree of unsaturation. In our observations this is 
especiaUy true for the most important  Cxs range which is 
for all technically important  raw fa t ty  acids of natural 
sources. 

RAW MATERIALS FOR FATTY 
ACID FRACTIONATION (53) 

The main raw materials for pure saturated fat ty  acids up to 
myristic acid are unhydrogenated or hydrogenated coconut  
and palm kernel acids. Since these contain virtually no 
unsaturated acids with 16 carbon atoms, they are, with 
their average of 42% palmitic acid, the most  popular  
sources for pure palmitic acid. Yet, most  individual fa t ty  
acids used for technical applications are distilled from raw 
acids of  tallow, cottonseed, soybean, groundnut,  rapeseed, 
castor or linseed oils. These raw acids consist mainly of  
mono- and polyunsaturated fat ty  acids, each with an even 
number of carbon atoms of  18 or more. 

SEPARATION CONDITIONS FOR DIFFERENT RAW 
ACIDS IN RELATION TO TEMPERATURE, RESIDENCE 
TIME AND FATTY ACID CONSTITUTION 

Up to and including myristic acid, all types of  natural  fa t ty  
acids are only saturated, straight-chain n-fatty acids with an 
even C number (18-25,54,55). For  separating them, relative 
volatilities (~) of between 2.75 and 2.0 (with 2.2 as mean 
value) are to be expected in temperature ranges of  180- 
250 C which are allowable in large-scale plants (27,28). 

The separating condit ions for mainly unsaturated mix- 
tures with composit ions of Cls and higher will be com- 
pletely different, as their relative volatilities c~ are much 
lower. The relative volatilities ~ for such mixtures of  
neighboring saturated and monoenic  fat ty acids of  the same 
C number and a C number  two higher are shown in Figure 7 
(18-25). From this diagram it can be seen that, for mixtures 
with different C numbers, the relative volati l i ty a of  both 
types of mixtures vary within the allowable temperature  
range of large-scale plants from ca. 1.9-1.6 at the top to ca. 
1.3-1.2 for mixtures with the same C number at the bot- 
tom. The mean values for both  types of  mixtures are ca. 
1.8 and 1.25, compared to 2.2 for mixtures of successive 
even-numbered saturated fat ty  acids (18-25). 

Figure 8 shows the vapor load/ lO0 kg of feed versus the 
number of  theoretical separation stages, with the distillate 
concentration and the reflux ratio R used as parameter. It 
can be seen that  for these mixtures with a = 2.2 the separa- 
tion stages have to be in the range between 10 and 20 if 
distillate purities up to 99% are to be realized. 
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FIG. 7. Relationship between temperature and relative volatifity 
for mixtures of saturated and unsaturated monoenic, even-num- 

bered fatty acids differing by two carbon atoms, such as palmitic 
acid-oleic acid (higher lines), or with the same carbon number, such 
as oleic acid-stearic acid (lower lines). 
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From Figure 9 it can be seen that the minimum number 
of  theoretical plates should be in the range of at least 25. 
For the separation of mixtures like oleic and stearic acids 
with ~ values in the range of 1.25, the number of enriching 
and stripping separation stages together for similar distil- 
late concentrations, according to Table I and Figure 10, 
increases to 60 with much higher reflux ratios and energy 
consumption. 

These separation efficiencies in the range of 20, 30 or 60 
theoretical stages for the three types of mixtures have to be 
accomplished in technical installations as plate, packed or 
film-type columns. The upper limit for the number of prac- 
tical exchange units is determined by their particular pres- 
sure drops and the resulting bot tom temperature for a given 
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FIG. 8.  Relationship between vapor quant i ty /100  kg of  feed (ordi- 
nate) and the necessary number of theoretical plates (abscissa) with 
distillate concentration in connect ion with reflux ratio as parameter 
for saturated fatty acid mixtures with ~ = 2.2 and a feed concentra- 
t ion of 50 tool %. 
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top pressure. According to our observations, temperature 
and residence time as well as mode, arrangement and quan- 
tity of double bonds in the fatty acid molecules, together 
with the heating process used, are all responsible for qual- 
ity, yield of fatty acid distillate and the production of  
undesired byproducts. 

Therefore, the most important influencing variables in 
fatty acid distillation fractionation are: temperature and 
working pressure in the bot tom evaporator; residence time, 
especially in column sections with temperatures above 
240 C; and degree of unsaturation (IV) of fatty acids in 
column parts at temperatures above 240 C. 

CONDITIONS AND INSTALLATIONS FOR 
EFFECTIVE AS WELL AS SENSITIVE 
EVAPORATION AND CONDENSATION 

Iodine values as shown in Table II for the most  important 
raw acids to be fractionated can be separated into three 
groups with IV less than 60, 60-140, and more than 140. 
The maximum allowable bot tom temperatures for each 
group for residence times of  40, 20 or 10 min are shown in 
Table III.  This is only true so far as sensitive film-type heat- 
ing arrangements are used without causing any thermal 
stress on fatty acids in the vapor or liquid state. According 
to our observations, the temperature of  the heating medium 
should be kept no higher than 20 C above the bot tom 
temperatures mentioned. Therefore, this value depends on 
the prevailing residence time of the special technical instal- 
lation used. 

For a fatty acid failing film evaporator, the circulation 
quantity has to be chosen so that, per meter inside circum- 
ference of the evaporator pipes, the downflow is ca. 2 m3/ 
hr. Under the then-prevailing temperature conditions, this 
will give film thicknesses of  ca. 0.3-0.6 mm (18-25). To 
achieve really careful film evaporation, we calculate the 
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FIG. 9.  Relationship between feed "concentration X F (abscissa) and reflux ratio R (left-hand 
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TABLE I 

Influence of  Reflux Ratio R on Enriching (n E) and Stripping (n;s) Numbers in the Separation of Oleic Acid-Stearic 
Acid Mixtures with a Feed ConcenUration of 66  mol  % Oleic Acid and a Separation Factor ~ = 1.25 

Oleic acid 
(mol %) 
Top/bottom 

R 

90/19 94/06 96/04 98/02 99/01 99. 5/0. 005 

nE ns  nE ns  nE ns nE ns  nE nS nE ns  

5 14,4 26.1 34.5 40.4 
5.5 12.8 23.9 24.0 32.2 38.8 41.1 
6 11.7 22.5 20.2 28.9 28.3 34.3 47.4 44.2 70.3 54.8 99.3 67.6 
8 9.8 19.4 15.1 23,5 19.5 26.7 27.2 31.9 34.8 36.7 42.1 41.2 

10 9.0 18.0 13.3 21.4 16,8 24.1 22.8 25.5 28.6 32.7 34.4 36.8 
12 8.5 17.1 12.4 20.2 15.4 27.7 20.7 26.7 25.8 30.7 30.8 34.6 
15 8.1 16.3 11.6 19.2 14.3 21.4 19,0 25.2 23.5 29.0 28.1 37.6 
20 7.8 15.6 10.9 18.2 13.4 20.3 17.6 23.9 21.6 27.4 25.7 30.9 
30 7.4 15.0 10,3 17.4 12.6 19.7 16,4 22,7 20.1 26,0 23.8 29,4 
50 7,2 14.5 9.9 16.7 12.0 18.6 15.6 21.8 19.0 25,0 22.5 28.3 

100 7.0 14.1 9.6 16.3 11.6 18.1 15.0 21.2 18.3 24.3 21.6 27.5 

iC s 

o 

TABLE II 

Iodine Values for the Most Important  Raw Acids 
in Technlcal-Scale Fractionation 

Raw acid origin Iodine value 
(medium) 

Coco oil 9 
Palm kernel oil 16 
Tallov~ 50 
Palm oil 55 
Lard 60 
Peanut oil 99 
Cottonseed oil 111 
Rapeseed oil 123 
Sunflower oil 137 
Soybean oil 138 
Linseed oil 193 

IO zo 30 ~0 50 60 70 BO 90 100 
= THEOR PLATE NUMBER 

FIG. 10. Relationship between vapor quantity/100 kg of feed (ordi- 
nate) and the necessary number of  theoretical plates (abscissa) with 
distillate concentration in connect ion with reflux ratio as parameter 
for mixtures llke oleic acid-stearic acid with t~ ffi 1.25 and a feed 
concentration of 66  mol % oleic acid. 

d i m e n s i o n s  of  the  t ubes  in such a way t h a t  the  f low pres- 
sure  d r o p  caused b y  t he  vapors  f o r m e d  is a lways  b e l o w  5% 
o f  the  par t i cu la r  ope ra t ing  pressure  prevai l ing there .  T o  
o b t a i n  really carefu l  evapo r a t i on  w i th  no  signs o f  t h e r m a l  
d e c o m p o s i t i o n ,  especial ly  in e v a p o r a t i o n  m i x t u r e s  con ta in -  
ing u n s a t u r a t e d  f a t t y  acids, i t  is n o t  su f f i c ien t  to  use n o r m a l  
fal l ing f i lm evapo ra to r s  w i t h  f o r c e d  c i rcu la t ion .  In  all t hese  
cases i t  is necessary  to  lower  t h e  res idence  t i m e  o f  t h e  hea t -  
sensi t ive  mate r ia l  in t he  hea t ing  zone ,  inc lud ing  c i rcu la t ing  
l ine and  l iquid level regu la t ion  device. F o r  this  purpose ,  
m o d e l s  have been  deve loped  wi th  v a p o r  bypass  l ines (38-  
44) ,  as s h o w n  in F igure  11. By us ing  th i s  pr inciple ,  t h e  
n u m b e r  of  pipes w i th  t he  same d i a m e t e r  and  s ho r t e r  l eng th  
can  be  r educed  cons iderab ly ,  wh ich  will give lower  pressure  

TABLE HI 

Maximum Allowable  Boiling Temperatures 
at Different Residence  Times 

Residence time (min) 40 20 10 

Iodine value Maximum allowable boiling 
range temperatures (C) 

<60 245 250 260 
60-140 235 240 245 
>140 225 230 235 

d rop  as well as m u c h  smal ler  c i rcu la t ion  q u a n t i t i e s  wi th  
s h o r t e r  r es idence  t imes.  

F o r  sensi t ive d is t i l l a t ion  cond i t ions ,  n o t  o n l y  m u s t  the  
c o l u m n  a n d  e v a p o r a t o r  b e  c o n s t r u c t e d  fo r  very  low pres- 
sure drop ,  b u t  also the  c o n d e n s e r  t o g e t h e r  w i t h  t he  v a c u u m  
line. T h e r e f o r e  we  use a special  c o n d e n s e r  t y p e  (18-25,  
38-44) ,  as s h o w n  in F igure  12, d i rec t ly  m o u n t e d  o n  t he  t op  
o f  t he  co lumn .  In t h e  o u t e r  parts ,  w h e r e  t h e  m a i n  con-  
d e n s a t i o n  takes  place, v a p o r  and  l iquid c o n d e n s a t e  are 
f lowing  cocur ren t .  On ly  in the  midd le  region w h i c h  acts  as 
gas coo le r  wi th  low v a p o r  veloci t ies  is t he re  c o u n t e r f l o w  
b e t w e e n  t he  up f lowing  gas and  a small  q u a n t i t y  of  con-  
densa t e  f o r m e d  in t he  gas coo l ing  sect ion.  

F o r  separa t ing  f a t t y  acid d rop le t s  wh ich  have  been  

JAOCS, vol. 61, no. 2 (February 1984) 
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mechanically entrained as mist or fog by the waste gas 
coming from the column condenser, as shown in Figure 13, 
a high performance demister directly mounted above our 

special top condenser is used (40-44). The vertical long 
cooling trap of  low pressure drop (shown under no. 2) is 
provided with fintubes and serves for the reduction of  the 
additional fatty acids in the exhaust gas leaving the con- 
denser due to partial pressure. From here the gases reach 
the multiple-step steam ejector with jet condensers which 
are working with circulating water, which will be cooled 
indirectly via plate heat exchangers. 

Direct condensation cooling in the ejector stages is 
effected by means of  a closed water-circuit via two ex- 
changeable plate heat exchangers. Therefore, besides the 
water phase of  the precut stage, only the small amount  of  
the ejector vapor condensate would count as waste water, 
which has to fulfill regulatory requirements. Employing 
such processes in fatty acid fractionation plants with 
closed cooling water circulation in the vacuum system 
similar to that of Figure 13, the organic content of  the 
ejector waste water can, at 25-50 C circulation temperature, 
easily be kept below 50 ppm, even for the lower fatty acids 
of  coconut  and palm kernel acids. 

l 

\ J 

FIG. 11. Falling film evaporator for forced circulation with vapor 
bypass for reducing vapor pressure drop and liquid residence time. 

FIG. 12. Top condenser with cocurrent vapor and liquid flow in 
condensation area and countcrcurrent f low for gas cooling area. 
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FIG. 13. Vacuum system for fatty acid fx'acdonation process. (1) Mist sepRar~..r, (2) ~ m b e  
cooUng u'ap, (3) muldsta~e steam ejector, (4)hotwell, (5)exchanl~d?le plate neat excnan, g- 
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water circulation. 
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NEW COLUMN CONSTRUCTIONS OF LOW PRESSURE 
DROP ACHIEVING HIGH EFFICIENCIES 
So far as only the continuous separation of coconut  fat ty 
acids up to myristic acid is concerned, bubble cap columns 
of  low pressure drop can be used. Calculating for 20 or 30 
theoretical plates with efficiencies of 80%, this will give 25 
or 38 actual plates. Umbrella-type bubble trays (54-56), 
shown in Figure 14, not  only have lower pressure drops but  
also greater flexibility than normal plate columns with 
virtually constant  efficiency. Such a two-column installa- 
tion shown in Figure 15 with 44 and 32 practical plates of  
2.100 mm diameter  has been working very successfully for 
several years. 

These columns are designed in such a manner that, at 
the low liquid loads normally encountered, the pressure 
drop averaged over the length of the column can be kept  at 
1.2 torr per actual plate. To aim at distillate concentrat ions 
in the range of  99% for capric, lauric, myristic and palmitic 
acids out of  coco or palm kernel raw acids at 5 torr top 
pressure, the bo t tom pressure of such plate columns will be 

in the range of 35-50 tort. As can be seen by the vapor 
pressure/temperature curves of  Figure 16 for the different  
bo t tom products  of  a coco fa t ty  acid fractionation, with 
these bot tom pressures, the limiting allowable temperature 
values for palmitic acid have been exceeded. According to 
this, the fractionation of higher fa t ty  acids with 18 or more 
carbon atoms is only possible if the pressure drop of the 
columns can be reduced markedly.  

Therefore, in this range, for several years we have been 
using very successfully, instead of plates with umbrella 
caps, regular f i lm-type packings (18-25,56) like that  shown 
in Figure 17. By its use, it was possible to lower not  only 
the pressure drop down to less than 10 torr but  also the 
hold up and thus the residence time for fat ty acids in the 
column at boiling temperatures above 240 C. In the mean- 
time, bet ter  efficiencies and especially much higher theo- 
retical plate numbers per meter  of  column length with 
similar pressure drops per theoretical  exchange unit can be 
realized in this field (56-62) of  highly corrosive mixtures. 
An example that  works very well is the so-called Sulzer 

FIG. 14. Plate with umbrella bubble caps for low pressure drop. 
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FIG. 15. FlowJheet of  a coco fatty acid fractlonation plant with two umbrella bubble cap columns of  low pressure drop together with degasifl- 
cation and precut stage as well as falling film stage for pitch separation. 

JAOCS, vol. 61, no. 2 (February 1984) 



212 

H. 

film-type packing Mellapak| 250.y (59-62). As shown in 
Figure 18, this is also a regular column packing which has 
excellent wetting properties at very low liquid loads down 
to less than 1 m 3/m ~ hr. Therefore, it allows, even at the 
low liquid loads of  fatty acid fractionation, reduction in 
each case of  the reflux ratio to the value required according 
to the vapor liquid phase equilibrium for the special separa- 
tion itself. With the pressure drop and efficiency data 
shown in Figure 19 for this packing it is possible to realize, 
in the Cls region at 3 torr top and 17 torr bot tom pressure 
with an evaporation temperature of only 243 C, theoretical 
plate numbers of up to 60 or more. Such efficiencies are 
even sufficient for the separation of oleic and stearic acid 
both in purities of  98% at reflux ratios in the range of only 
8-10. 

For normal fatty acid separation problems for which 
20-25 theoretical separation units are needed, with this 
kind of film-type column the bot tom pressure can easily be 
reduced to less than 10 torr with highest bot tom tempera- 
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FIG. 16. Relationship between vapor pressures (ordinate) of follow- 
ing bottom products in coco raw acid fractionation and their 
boiling temperatures (abscissa). 

FIG. 17. Elements in cros~section and length of a film.type packing 
made out of expanded metal sheets (54-56) successfully used for 
fatty acid fractionation in Cte and higher range. 
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FIG. 18. Regular Sulzer film-type column packing MELLAPACK | 
250. 
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FIG. 19. Relationship between loading factor F [m/sec. ~/(kg/m 3 )] 
(abscissa) and pressure drop as mbar/m packing height or number of 
separation stages/m packing height for Sulzer film-type column 
packing MELLAPACK ~.  
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tures of  less than 230 C. Under these condit ions it is also 
possible to work in the fa t ty  acid fract ionation field batch- 
wise. This is of particular interest for cases where only 
smaller throughputs of strongly changing demands have to 
be processed. The flowsheet of such an installation is shown 
in Figure 20. 

T O D A Y ' S  P R O C E S S  P O S S I B I L I T I E S  

For large-scale fractionation of natural fa t ty  acids, the most 
successful as far as economics is concerned use deaeration 
and precut stages both working at the same medium pres- 
sure together with one or two columns combined with a 
final stage for pitch separa t ion- the  lat ter  working all at the 
same low pressure and equipped with falling film evapora- 
tors. The plate columns with umbrella-type bubble trays or 
fi lm-type columns with regular low pressure packings like 
MELLAPAK| have proved excellent on account of their 
large operating ranges and low pressure drops. For  evapora- 
tion in the bot tom,  no carrier such as open steam is needed 
if the necessary falling film evaporators are working with 
forced circulation of correct design in relation to pressure 
drop and residence time. 

Under these conditions with normal cooling water 
temperatures of  20-25 C, the environmental load for water 
and air are within the legal limits. In each case the effluent 
water ou tput  together with process and ejector open steam 
consumption is less than 200 kg/kg fa t ty  acid fractionated, 
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FIG. 20. F l o w ~ e e t  of  a discontinuous running fatty acld frac- 
tionation plant with regular film-type packing. (1) Still for batches 
of 4,000 kg, (2) falling f'dm evaporator for forced c~culation, 
(3) canned motorpump for forced circulation and still emptying, 
(4) feed line for open stripping steam, (5) column with regular film- 
type packing of low pressure drop, (6) top condenser, (7) demister, 
(8) reflux divider, (9) distillate cooler, (10) cooling trap with fin- 
tubes for hot (HKW) and cold (KKW) cooling water, (11) vacuum 
llne, (12) disdlhtte receivers, (13) line for still emptying. 

which can be used as reaction water for high pressure 
splitting. 

The energy consumption relative to fat ty  acid distillate 
depends not  only on the special fractionation problem for 
separating lower and higher boiling fat ty acids in the 
desired purity and yield, but  also in each case on the 
necessary removal of precut together with dearat ion and 
dehydrat ion as well as pitch under sensitive disti l lation 
conditions. 

The dream of  yesterday for distillation separation of 
monoenic and saturated fat ty acids with the same carbon 
number, as, e.g., oleic-stearic acid mixtures, has now be- 
come reality with today 's  knowledge about  their phase 
equilibria relationships as well as their thermal and oxida- 
tive behavior, and with much bet ter  separation processes 
with very low pressure drops and sensitive film heating 
arrangements. As this really is possible after four decades 
of hard work, one can now have another dream: the dis- 
tillation separation of mono-, di- and trienic fa t ty  acids 
with the same carbon number, e.g., mixtures of oleic, 
linoleic and linolenic acids under economical industrial 
conditions. The relative volatilities of these mixtures shown 
in Figure 21 are 1.156 for linoleic acid-oleic acid and 1.140 
for tinolenic acid-linoleic acid at 2 tort  top and 15 torr  
bot tom pressure with temperatures between 185 and 
230 C. For  separating linoleic acid from cottonseed raw 
acids or linolenic acid from linseed raw acids under these 
condit ions at reflux ratios of  15, columns are needed with 
efficiencies of 80-90 theoretical  plates. We hope and 
believe that  this dream may be realizable after several more 
decades of  hard work. 
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The Use of Bleaching Earth in Fatty Acid Production 
WERNER ZSCHAU, Sdd-Chemie A.G., Postfach 20 22 40, D-8000 Munchen 2, West 
Germany 

ABSTRACT 

Pretreatment of crude tallow or fish oil fatty acids with bleaching 
clays considerably improves the rate of hydrogenation with several 
different catalysts. Several series of tests were run to demonstrate 
these effects, and the data are presented. 

To p r o d u c e  t r ig lycer ide-based fa t ty  acids wi th  a low iodine  
value (IV),  a n u m b e r  of  cons ide ra t ions  have  to  be  made .  
There  exis t ,  for  ins tance ,  t w o  pr incipal  rou tes :  (a) h y d r o -  
gena t ion  of  t he  neut ra l  or  slightly acidic oil  fo l lowed  by  
spl i t t ing  and  d i s t i l l a t i on ; and  (b)  spl i t t ing  of  t he  t r iglycer ide,  
fo l lowed  by  h y d r o g e n a t i o n  of  the  f a t t y  acid and  final  
d is t i l la t ion .  The  rou te  chosen  depends  on  the  c rude  mater ia l  
available and  o n  the  facil i t ies in the  plant .  F u r t h e r  aspects  
to  be  cons ide red  deal wi th  some necessary  pu r i f i ca t ion  
steps.  

Fo r  t he  spl i t t ing,  fo l lowed  by  h y d r o g e n a t i o n ,  one  has  
also to  cons ider  w h e t h e r  t he  f a t t y  acid s h o u l d  be  dist i l led 
pr io r  to  the  h y d r o g e n a t i o n  to  r emove  impur i t i e s  and  
poisons,  as o the rwise  the  h y d r o g e n a t i o n  would  s top at  
r a the r  h igh IV or  the  ca ta lys t  c o n s u m p t i o n  would  be  t o o  
high. However ,  t h a t  means  t h a t  the  f a t t y  acids are dis t i l led 
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twice,  once  be fo re  and once  a f te r  the  h y d r o g e n a t i o n ,  
wh ich  is cost ly .  The  decis ion fo r  e i the r  rou t e  (a) or  rou t e  
(b)  and  for  all t he  necessary pu r i f i ca t ion  s teps also d e p e n d s  
largely on  t he  cos t  c o m p a r i s o n  for  the  possible  var ia t ions .  
Especial ly for  t o d a y ' s  ma rke t ,  the  e n d - p r o d u c t  m u s t  be 
as cheap  as poss ible  in order  to  be  compet i t ive .  

This  pape r  deals wi th  a t ype  o f  pur i f i ca t ion  s tep which  
we regard as in te res t ing ,  as one  can  s ta r t  f r om c rude  oils or  
c rude  f a t t y  acids. The  on ly  necessary p r e t r e a t m e n t  is a 
clay t r e a t m e n t .  Fo r  our  tests,  we used a c rude  t a l low a n d  
a c rude  fish f a t t y  acid. 

HYDROGENATION OF CRUDE TALLOW 

The c rude  t a l low used is descr ibed  in Table  I. The  h y d r o -  
gena t ion  of  t he  c rude  u n t r e a t e d  ta l low was p e r f o r m e d  at  
120-190  C u n d e r  a pressure  o f  20  bar  wi th  0 .05% as Ni 
ca ta lys t ,  and  1 ,000  rpm agi ta t ion.  

P r e t r e a t m e n t  of  the  c rude  ta l low was done  in t he  same 
au toc lave  as the  h y d r o g e n a t i o n ,  to  s imula te  t he  c h e a p e s t  
way fo r  th is  t r e a t m e n t .  The  c o n d i t i o n s  were wi th  1% 
Tonsi l  O p t i m u m  FF ,  a t  110  C, for  30 min ,  a t  50  m m  Hg 
pressure.  


