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ABSTRACT 
Naturally occurring plant based fats and oils have a huge potential as renewable resources to 
synthesize chemically new products apart from being widely used as ingredients in various kind 
of food and cosmetics. Oils are triglycerides which are basically tri-esters made of glycerol and 
three fatty acids. The latter findsapplication on one hand as raw material for the polymerization 
of epoxy resins whereas on the other in the manufacturing of biodiesel amongst others. Melt 
crystallization as a method to enrich a fatty acid mixture with higher unsaturated fractions is 
becoming increasingly established.A polyunsaturated fatty acid mixture with high concentration 
of linolenic acid (C 18:3) was chosen for this work. This linolenic oil fatty acid rich mixture was 
subjected to different temperature profiles in order to optimize maximum yield of unsaturated 
fatty acid in the mother liquor post isothermal centrifugal separation. The influence of the 
temperature profile on the quality of the desired product was thereby investigated. To examine 
the exact composition of the resulting product several analytical methods like Differential 
Scanning Calorimetry (DSC) and Gas Chromatography (GC) were developed and performed. 
Product compositions with a total saturated content (C16:0 - palmitic acid and C18:0 - stearic 
acid) of below 3% was achieved successfully. 
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INTRODUCTION 
Fats and fatty acids play an important role in 
the process of replacing mineral oil based 
products with natural, renewable ones. The 
field of application for fatty acids is as wide as 
the different types of fatty acids themselves, 
ranging from large scale applications such as 
biodiesel or lubricants over customer products 
like cosmetics, medicines or nutritional 
additives to smaller scale specialty chemicals 
like epoxy resins, insect repellents and many 
more1,2. In spite of the demand, the production 
of fatty acids is decreasing continuously over 
the last few decades3 and few changes have 
been applied to the techniques for the 
processing and purification of these valuable 
compounds. 
One of the main targets of purification 
processes is the reduction of saturated fatty 
acid content inthe mixtures, what is necessary 

for their usage in many fields. High saturated 
component fractionscan lead to diesel filter 
plugging (in case of biodiesel) or inferior and 
limited properties in products like fatty acid 
based epoxy resins2. 
Nowadays, separation and purification of these 
mixtures is performed using distillation and 
crystallization processes. Separation of fatty 
acids with different chain lengths is carried out 
with vacuum distillation although purification of 
fatty acids with similar chain lengths but 
differing degrees of unsaturation is difficult by 
the same4. Therefore, crystallization techniques 
are being investigated which can be applied 
either on the melt directly or by addition of a 
solvent2,5,6. Melt crystallization processes are 
favorable because they work without any toxic, 
flammable or hazardous additive. Moreover, 
these processes are more economical energy wise 
as no solvent has to be removed from product 
and regenerated.To increase the efficiency of 
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melt crystallization processes, a fundamental 
understanding of the influencing thermodynamic 
kinetics is necessary. Those investigations are 
done using inline monitoring with microscopy or 
sensors like the FBRM (Focused beam 
reflectance method) technique5-7. In this work, 
the influence of the temperature profile on   the 

yield of the crystallization step with respect to the 
unsaturated content in the mother liquor 
wasinvestigated. Therefore, a multi-step 
crystallization was performed to reach products 
with a saturated content of C16:0 (palmitic acid) 
of around 2% and C18:0 (stearic acid) of below 
1%. 

Table1: Composition of the linseed oil based fatty acid mixture feed and melting points 
of the pure fatty acids present analyzed by DSC7 

 
Palmitic acid 

C16:0[%] 
Stearic acid 
C18:0[%] 

Oleic acid 
C18:1[%] 

Linoleic acid 
C18:2[%] 

Linolenic acid 
C18:3[%] 

Composition 5.4 3.8 19.2 16.3 54.6 

Melting points 63.1◦C 70.6◦C 13.7◦C -5.4◦C -10.9◦C 

MATERIAL ANDMETHODS 
Fatty acid mixture used in this work is based 
on hydrolyzed linseed oil obtained upon 
fractionating the latter by distillation. This high 
linolenic acid mixture, supplied by Cremer 
Oleo, Germany, comprise mainly of 
 five different fatty acids (Table 1). The 
melting points were determined by means of 
Differential Scanning Calorimetry.All 
experiments were conducted in a Easymax 
reactor system developed by Mettler Toledo 
GmbH, Switzerland. 
This apparatus setup comprises of two reactor 
vessels working completely independent of each 
other. The temperature control device controls 
the reactor temperature inside (Tr) the reactor on 
one hand and the reactor jacket temperature on 
the other (Tj)5,6. Different temperature profiles 
were employed to crystallize the saturated fatty 
acids and enrich the melt with unsaturated ones. 
Some experiments were also carried out without 
agitation soas to investigate its influence. Upon 
crystallization the mother liquor was separated 
from the crystalline phase after isothermal 
centrifugation for 20 minutes at a centrifugal 
force of 4000G and respective crystallization 
temperature, Tc (Multifuge 3 S-R, Heraeus 
Centrifuges, DJB Labcare Ltd, England). The 
feed, mother liquor and the crystal fraction 
werethen analyzed with a Differential Scanning 
Calorimeter (DSC) and a Gas Chromatograph - 
Flame Ionization detector (GC-FID) setup. 
Fig. 1 illustrates the thermogram of the feed,  

which is a linseed oil based fatty acid mixture.  
The whole system is recognized as a binary 
system consisting of saturated and unsaturated 
fatty acid fractions based on two positive 
(exothermic)peaks of crystallization and two 
negative (endothermic) peaks representing 
melting as a function of time and temperature7. 
The methods used in analyzing the DSC 
thermograms is of prime importance for the 
success of the following crystallization step. This 
is because it enables an accurate determination of 
metastable zones of crystallization of the 
saturated content from the melt. These methods 
and following interpretations have been 
described in detail in previous studies6. To 
characterize the products, they were analyzed 
and detected by GC-FID setup which shows five 
main peaks. Each of them belongs to one of the 
fatty acid methyl esters which represent the main 
fatty acids in the mixture. Standard samples were 
used and run every time before an analysis to 
determine the elution order of the fatty acids8. 

RESULTS AND DISCUSSION 
Melt crystallization is a very efficient method to 
enrich a fatty acids mixture with unsaturated 
fatty acids as long as an appropriate temperature 
profileis found. Different temperature profiles 
and crystallization temperatures lead to 
differences in quality ofthe final product. 
Measures must be taken not to cool the system 
too far or too fast as the unsaturated fatty acids 
would then start to crystallize thereby reducing 
the yield. So, the difficulties lie in the choice of 
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temperature regime, which has to be optimized 
for different systems.  Therefore, information 
gathered from the equilibrium data of the 
samples, determined upon analyzing the 
fractions thermally and chemically were used to 
determine the temperature profiles for the 
subsequent crystallization steps. Thesystem was  
 

then subjected to various temperature profiles 
with different crystallization temperatures(13°C; 
8°C; 3°C; -2°C), thereby creating varying 
degrees of supersaturation followed by 
nucleation. Fig. 2 illustrates one such 
temperature profile wherein the end temperature 
is -2°C. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1 : Thermogram of the linseed oil based fatty acid feed mixture measured in the DSC; 
Temperature Profile: 50°C for 10 min, 50°C→ -30°C @ -0.2 K/min; -30°C 10 min, -30°C → 50°C 

@ 0.2 K/min, 50°C 10 min7 

It was important that the experiments were 
started at a temperature above the liquidus 
point of the sample so as to ensure complete 
homogenous mixtures. All the samples were 
cooled from 25°C to 16°C in one hour.  Then 
they were left at that temperature for another 
hour to ensure that the system reaches 
equilibrium. Subsequently, the mixtures were 
further cooled to the different crystallization 
temperatures over a period of maximum three 
hours. This end temperature was held constant 
for some time, so    as to allow the crystals to 
grow.  The objective of this work was to find 
the temperature profile and crystallization 
temperature for the samples such that 
nucleation starts as late as possible. Hence, the 
system was supercooled as far and as slowly as 
possible to obtain big crystals and hence enrich 
the mother liquor with unsaturated fatty acids 
in a single stage crystallization9. 
The melt crystallizationenablesus toseparate 

this binary system of saturated and 
unsaturated fatty acids because there is a big 
difference between the melting points of both 
systems. The melting point for unsaturated 
fatty acids is much lower to those of saturated 
ones, as lower energy is required to melt 
samples with rising number of double 
bonds10. This is due to the molecular geom-
etry of the structures. As there are no double 
bonds in the saturated fatty acids, all carbon 
atoms are surrounded by hydrogen atoms in a 
tetrahedral angle. That results in almost linear 
shapes of the molecules and in turn enables 
them to stack together and develop strong 
intermolecular interactions. It is exactly the 
opposite case for the unsaturated fatty acids. 
Introduction of a double bond, either in cis or 
in trans configuration, results in a kink in 
their shape thereby rendering poor stacking 
properties. Consequently, weaker molecular 
interaction in the unsaturated fatty acids 
results in lower melting points11,12. 
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Fig. 2 : Temperature profile for the melt crystallization of linseed oil based fatty acid mixture at 

end temperature of -2°C7 

Table 2 : Composition and retention times of the fatty acids in the mother liquor fraction 
after melt crystallization and separation with the centrifuge analyzed by gas 

chromatography (isothermal at 190°C, 0.2 µL injection volume and 150 KPa)7 

Crystallization 
temperature[◦

C] 

Palmitic acid 
C16:0[%] 

Stearic acid 
C18:0[%] 

Oleic acid 
C18:1[%] 

Linoleic acid 
C18:2[%] 

Linolenic acid 
C18:3[%] 

24 5.4 3.5 21.3 15.6 53.3 

13 4.1 2.0 22.0 16.2 55.1 

8 3.1 1.4 22.3 16.5 56.3 

3 2.6 0.9 22.5 16.7 56.8 

-2 2.1 0.8 20.1 17.3 57.2 

GC-FID 
retention  

time [min] 
4.7 7.1 7.8 8.8 10.8 

 
In the case of our sample, a crystallization 
temperature of -2°C post subjected to the 
temperature profile of Fig. 2 was successful and 
effective for the separation of the saturated fatty 
acids. The mother liquor comprised of only 2.1% 
palmitic acid and 0.8% stearic acid. Table 2 
provides the exact composition data of the 
mother liquor in each process. The depletion of 
saturated content with respect to crystallization 

temperatures have been illustrated in Fig. 3.  
Table 3 provides the regression coefficients for 
the functions behind the depletion of these 
saturated acids. This makes it possible for a poly 
unsaturated fatty acid mixture to remain liquid 
for industrial applications even at temperatures as 
low as -2°C. Thermal analysis by DSC in 
combination with GC were effectively used to 
characterize the products6,7. 
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Fig. 3: Depletion of Palmitic acid (C 16:0) and Stearic acid (C 18:0) at differentcrystallization 

temperatures (250C, 160C, 80C, 3◦C and-20C) analyzed by GC, isothermal at 1900C, 0.2 µL 
injection volume and 150 kPa

Table 3 : Regression coefficients and equations with respect to the depletion of saturated 
fatty acid fractions 

Saturatedfatty acid Regressionequation y0 a b R2 

Palmitic acid(C16:0) y =a.e(bx) − y0 1.23 3.52 0.03 1 

Stearic acid (C 18:0) y =a.e(bx) − y0 0.29 1.12 0.05 1 

CONCLUSION 
Melt crystallization was successfully applied to 
deplete a linseed oil based fatty acid mixture 
ofmost of its saturated content. The final 
product contains around 2% palmitic and 0.8% 
stearic acid.  Thekey factor to the success of 
this step crystallization process was choosing 
the correct temperature profile. This was 
determined from studying the metastable zones 
of crystallization of the saturated content in 
detail from the phase diagrams. Further 
investigations to optimize the profile to reduce 
time isnecessary. 
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