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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 

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

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.  



215 

THE USE OF BLEACHING EARTH IN FATTY ACID PRODUCTION 

After the clay treatment we added 0.025 and 0.050% of 
Ni catalyst, heated to 120 C under vacuum, and started 
addition of hydrogen. The temperature was then increased 
in 30 min to 190 C. Pressure was 20 bar and agitation 
1,000 rpm. 

R ESU LTS 

To find the optimum amount  of clay for the pretreatment, 
we performed a series of tests with no clay treatment and 
with different amounts of clay. Figure 1 shows the results 
of these tests. It is evident that a pretreatment with 1% 
clay improves the hydrogenation time dramatically. The 
hydrogenation time down to an IV of 2.5 is reduced from 5 
hr to 1 hr while, with no pretreatment, the final IV after 6 
hr is 1.5 and a further reduction is almost impossible. 
Under these conditions, we obtained an IV of less than 1 in 
1 hr 20 min with 1% clay, and in 1 hr with 2% clay. As the 
difference between 1 and 2% of clay is not  very significant 
from a practical point of view, we decided to use 1% of clay 
for all the other tests. 

To perform the hydrogenation down to a maximum 
IV of 1 within 3 hr, we reduced the amount  of nickel by 
50%. The result is shown in Figure 2. Curves 1 and 4 belong 
to one catalyst and curves 5 and 6 to another catalyst. 
The difference between curves 1 and 4, and curves 5 and 6, 
respectively, is still quite significant, even as the catalyst 
concentration is reduced by 50% down to 0.025% Ni for 
this type of tallow. It is interesting to note that the hydro- 
genation time down to an IV of 2 for the different catalysts 
shows a difference of ca. 25% in the case of the crude 
tallow, whereas with pretreatment the hydrogenation time 
is about the same. With pretreatment and a reduced amount  
of catalyst, the final IV was even lower than without pre- 
treatment. Furthermore, the hydrogenation time was ca. 
1/3 shorter, respectively, half as long for the two catalysts 
applied. 

HYDROGENATION OF CRUDE FISH OIL FATTY ACIDS 

Characteristics of the fish oil fatty acids are shown in Table 
II. The tests were done under similar conditions as men- 
tioned for tallow, but in addition we also performed tests 
on bleached fish oil fatty acids. Bleaching of the crude 
fatty acids was with 1% Tonsil Optimum FF for 30 min 
at 95 C and 50 mm Hg pressure. Under these conditions we 
obtained bleached fatty acids with the characteristics 
shown in Table II. 

The conditions for the pretreatment of the crude fish oil 
fatty acid were slightly different from the bleaching opera- 
tions and were with Tonsil Optimum FF clay for 20 min at 
110 C and at 20 mm Hg pressure. 

Hydrogenation of the crude, the pretreated and the 
bleached fish oil fatty acids was performed under identical 
conditions with variable concentrations of Ni catalyst at 
75-200 C and 20 bar pressure with 1,000 rpm agitation. 
The only difference is the fact that, in the case of the 
pretreated fatty acid, the bleaching earth was not  removed 
before hydrogenation. 

To determine the advantages of a pretreatment or a 
separate clay treatment prior to the hydrogenation step, 
we first performed a series of hydrogenations with different 
amounts of catalyst added to the crude fish oil fatty acid. 
Furthermore, we performed tests with pretreated fish oil 
fatty acids. The pretreatment was done with 0.5, 1 and 2% 
of a highly activated clay. 

Results for the hydrogenation of the crude fish oil fatty 
acid with varying amounts of catalyst are shown in Figure 3. 
It is evident from this graph that, for this type of catalyst 

TABLE 1 

Characteristics and Color of Crude Tallow 

Characteristics 
FFA 3.8% 
Phosphorus 61 ppm 
POV 5.2 
AnV 4.6 
Polyethylene 280 ppm 

Color (SW' Lovibond cell) 
Red 10.7 
Yellow 70.0 
Blue 0.2 
White 1.0 
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FIG. 1. Hydrogenation of tallow. Concentration: 0.05% Ni; tem- 
perature: 120-190 C; pressure, 20 bar. 
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FIG. 2. Hydrogenation of t a l low.Tempera ture ,  120-190 C; pressures 
20 bar. 

TABLE !I 

Characteristics and Color of Crude and Bleached Fish OH Fa t ty  Acids 

Crude fish oil fa t ty  acid Bleached fish oil fa t ty  acids 

Characteristics Characteristics 
Phosphorus 7.7 ppm Phosphorus 6.1 ppm 
POV 13.2 meq/kg POV 1.8 meq/kg 
AnV 48.9 meq/kg AnV 30.7 meq/kg 

Color (5',i" Lovibond cell) Color (5'A" Lovibond cell) 
Red 21.3 Red 11.3 
Yellow 70.0 Yellow 40.0 
White 1.0 White 1.0 
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and for this type  of  fish fa t ty  acid, 0.1% is necessary to 
reach a final IV of < 5 within 4 hr. Due to the fact that  we 
started the hydrogenation at 75 C, with a heating rate of ca. 
2 C/min, the slope at the beginning of  the hydrogenat ion 
gives information about  the starting point  of the reaction. 
As the same catalyst is always used, with different con- 
centrations, we can see in Figure 3 the influence of  all the 
poisons or deactivating substances present in the crude 
fish fat ty acid. The dot ted  lines in this and in the foUowing 
figures show the IV reduction during a 4-hr period and the 
solid line shows the decrease of the IV in a period of  1 hr. 
It is obvious that  0.2% Ni is far too much catalyst as the 
IV goes down within 15 min to less than 10. It was almost 
impossible to control  the reaction temperature even with 
the internal cooling system which was installed in our 5-L 
autoclave. At the lower catalyst concentrations, however, 
we can well observe the influence of the deactivating sub- 
stances. This becomes clearest for the 0.05% Ni curve. 

We have plot ted four curves for hydrogenat ion tests 
with 0.05% Ni, but  with a different  t reatment  of  the crude 
fish oil fa t ty  acid in Figure 4. Curve 1 is identical with the 
0.05% Ni line in Figure 3. We can conclude that  the hydro-  
genation becomes faster and goes to lower IV with an 
increasing amount  of clay. With pretreatment  with 1% 
clay we obtained an IV of  %15 after 4 hr; with 2% clay, 
the IV after 4 hr w a s ,  10. 

It is questionable whether the bleaching clay acts as a 
cocatalyst  or if it just  adsorbs deactivating substances as 
phospholipids or soaps. It will also decompose oxidized 
fat ty  acids which have a poisoning effect on the hydro- 
genation catalyst. The answer to this question is given in 
Figure 5. We can conclude from these curves, which were 
obtained with 0.075% Ni, that the standard bleaching 
operat ion with a fil tration step prior to the hydrogenation 
gives even better  results than the clay pretreatment ,  wherein 
we did not  remove the clay before the hydrogenation.  
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FIG. 3. Hydrogenation of crude fish oil fatty acid. Catalyst.. FS 40; temperature: 75-200 C; 
pressure: 20 bar. 
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FIG. 4. Hydrogenation of crude fish oil fatty acid. Concene'ation= 0.05% Ni (FS 40); 
temperature: 75-200 C; pressure: 20 bar. 

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



217 

THE USE OF BLEACHING EARTH IN FATTY ACID PRODUCTION 

The final IV after 1 hr was slightly above 5 and changed 
little with prolonged hydrogenation time of 4 hr. With no 
pretreatment  the hydrogenation was much slower, but  we 
see during the whole 4-hr t reatment  a reduction of  the IV, 
reaching ca. 17 after 4 hr. 

Figure 6 shows the results based on an addit ion of  0.1% 
Ni. Curve 1 is plot ted twice, first for the 4-hr hydrogena- 
tion cycle and secondly for the first hour only. Influence 
of the clay t reatment  can be observed mainly during the 
first 30 min. A fast hydrogenation without  pret reatment  
starts just  after 30 rain when the temperature reached ca. 
140 C. Using just 0.5% of clay a fast reduction of  the IV 
was observed after only 8 rain, as there was a very rap id  
temperature increase of the oil up to 195 C within 10 
min. For  higher clay concentrations, this temperature 
increase started after only 2 rain. It was even steeper than 
for the 0.5% clay treatment.  

This test series showed that, for hydrogenation of a 

crude fish oil fa t ty  acid as used in our experiment,  a quan- 
t i ty  of ca. 0.1% Ni is necessary. The hydrogenation will 
lead in ca. 2 hr to an IV of ca. 5 with the tested catalyst. 
When lower IV are necessary, pret reatment  or a bleaching 
step has to be made. A separate bleaching step or a clay 
pretreatment  also allows reduction of the catalyst concen- 
trat ion of  ca. 25% to achieve the same final IV. Further-  
more, the bleaching or pre t reatment  step reduces the hydro-  
genation time by a factor of  2-3 as most of the reaction is 
performed during the first 30 min. A further advantage is 
the low starting temperature of the hydrogenation and 
consequently the energy savings. 

The series on the crude tallow were made with 2 cat- 
alysts designed for neutral fats and fat ty acids, but  the 
series on the crude fish oil fat ty acids was performed only 
with one catalyst designed for fat ty  acids. To see if other 
catalysts show the same positive influence on a clay pre- 
treated oil or fatty acid we did further tests which are 
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FIG. 7. Hydrogenation of tal low: pre t rea tment  with 1% Tonsil  
Opt imum FF at 110 C. Concentra t ion:  0.025% Ni; temperature:  
120-190 C; pressure: 20 bar. 
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shown in Figure 7 for hydrogenat ion of  the crude tallow 
pretreated with 1% clay. Considering the extremely low Ni 
level and the curves shown in Figures 1 and 2, it can be 
concluded that a pretreatrnent or a separate bleaching 
step improves the rate of hydrogenat ion remarkably.  
The positive influence of bleaching clay becomes even 
more obvious when we look at Figures 8 and 9. In Figure 
8 the hydrogenat ion curves for a number  of  different 
catalysts are shown. Remarkable is the curve for catalyst  
D which starts the hydrogenation after ca. 25-30 min when 
the temperature was 125-135 C. But after that  late start 
it hydrogenated the crude fish fat ty  acid down to an IV 
of 6, the second-best result. 

Another  interesting curve is that  of catalyst H. This 
catalyst showed quite a high activity at 75 C, but  after ca. 
1 hr the slope became flatter. In Figure 9, we compare 
catalysts G and H which were the two extremes in Figure 8. 
Curve 1 is based on 240 min hydrogenat ion time, whereas 
curves 2 and 3 show the IV during the first hour of  the 
hydrogenat ion only. We learn from these curves that  the 
active catalyst H is very easily poisoned by the crude 
fish oil fat ty acid. But when the acid was pretreated it 
became similar to catalyst  G and when the acid was bleached, 
both catalysts became identical after 15 min hydrogenat ion 
time. From this result we learn that  it is almost impossible 
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\ \  x \  \ to distinguish between different catalysts when the concen- 
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FIG. 8. Hydrogenation of crude fish oll fatty acid. ConcenU'ation, 0.1% Ni; =mpera tu re ,  
73-200 C~ pressurcz 20 bar. 
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