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ABSTRACT 

The potential of the Vibromix technique applied in melt crystallization of a fatty acid mixture 

was analyzed. The effects of disk speed as well as cooling rate and crystallization temperature on 

crystal growth were investigated using FBRM (Focused Beam Reflectance Measurement) and 

polarized light microscopy. The Vibromix reactor was found to create larger crystals than a con-

ventional blade impeller reactor. Crystal sizes of 500µm approximately were obtained using the 

Vibromix reactor, while the blade impeller reactor created a crystalline slurry. Increasing the 

disk speed of the Vibromix device lead to significant breakage of crystals. A metastable zone 

ranging from 17°C to 22°C approximately was observed using the Vibromix reactor. The ap-

plied cooling rates showed no significant impact on the size of primary crystals. As for further 

growth of the primary crystals, very slow cooling rates were necessary. 
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SYMBOLS USED 

vd[mms
-1
]      : Speed of perforated disk 

vb[rpm]          : Speed of blade impeller 
Tc[°C]          : Crystallization temperature 
t[h:min]          :   Time after coolant reached Tc 
CR1[Kmin

-1
] :   Cooling rate 

CR2[Kmin
-1
] : Cooling rate after crystallization 

temperature Tc was reached and 
held for 3h and 30 min 

INTRODUCTION 

The potential of polyunsaturated fatty acid 

(PUFA) mixturesderived from plant based oils 

has been recognized by various industries 

(soap and detergent production, biodiesel, plas-

tics, lubricants).
1,2 

Thus, the increasing demand 

for PUFA mixtures has led to a considerable 

need for technologies and processes for the 

separation of saturated and unsaturated fatty 

acids. Melt crystallization is an effective tech-

nique to achieve the same by means of super-

saturation. In order to crystallize the saturated 

compounds, it is necessary to create supersatu-

ration by following a predetermined tempera-

ture profile.
3-8 

The saturated fatty acids crystal-

lize at higher temperatures, while the unsatu-

rated would remain liquid.
9 

The following 

separation can be achieved for example by 

filtration. The main objective is to optimize the 

melt crystallization of fatty acids such that 

large crystals are produced thereby making 

filtration easier. Due to the high viscosity of 

the fatty acid mixtures, sufficient agitation is 

required to provide an adequate heat flow.
10 

However, the produced crystals are sensitive to 

mechanical forces, such as shear forces caused 

by stirring devices, and easily broken into 

smaller pieces. In order to create larger crystals, 

an agitation that exerts reduced shear force is 

desirable.  

A promising technique is the Vibromix agita-

tor.
11 

The Vibromix reactor causes circulation 

of the liquid using a perforated disk, which is 

moving vertically in a cylindrical vessel. The 

perforation of the moving disk provides a tur-

bulent flow and therefore creates high heat and 

mass transfer rates. At the same time the shear 

forces are anticipated to be low enough to al-
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low gentle motion of the fatty acid crystals. 

This work evaluates the potential of the Vi-

bromix for the melt crystallization of fatty 

acids. Therefore, the influence of the mixing 

speed on crystal growth was investigated. Ex-

periments with varying cooling rates were 

conducted, in order to examine how different 

cooling rates affect the crystal size within the 

reactor. This procedure was repeated using a 

common turbine impeller with flat blades in-

stead of the perforated disk to allow a compar-

ison between the two agitation methods. 

Crystal growth monitoring was realized using 

Focused Beam Reflectance Measurement 

(FBRM) and polarized light microscopy. 

MATERIAL AND METHODS 

Samples 

The sample used was a vegetable oil based 

PUFA mixture fraction comprising mainly of 

five fatty acids, palmitic, stearic, oleic, linoleic 

and linolenic acid which was supplied by 

Cremer Oleo GmbH (Wittenberge, Germany). 

Vibromix reactor setup 

The crystallization was performed using a cy-

lindrical glass vessel (capacity 3L, inner radius 

55 mm) with cooling jacket. Four PT100 ther-

mocouples tracked the temperature of the inte-

rior of the reactor. They were installed at 

evenly distributed heights (37, 74, 111, 148 

mm) within the liquid in order to identify ver-

tical heat gradients. Each thermocouple was 

located at a different radius (29, 34, 39, 44 mm) 

so as to monitor horizontal heat gradients.  

Agitation was realized applying a vertically 

moving perforated disk at different speeds (10, 

15, 25, 35 mms
-1

).The disk was moving from 

the bottom up to the filling level of the liquid 

and vice versa. 

The vessel was filled with a pre-defined PUFA 

volume of 2 liters and heated up to 40°C at the 

start of each run so as to ensure homogeneity 

of sample. It was held at 40°C for 10 min to 

allow the system to establish a stabilized tem-

perature profile. Subsequently, the mixture was 

cooled at different cooling rates CR1 (0.2, 1.0, 

1.5, 2.0 Kmin
-1

) and held at various crystalliza-

tion temperatures Tc (13, 14, 15, 16, 17 and 

18°C). Both temperatures and cooling rates 

relate to the state of the coolant and not to the 

PUFA mixture itself. A linear cooling rate 

could not be enabled inside the reactor owing 

to real conditions and therefore the tempera-

ture of the cooling medium served as the refer-

ence.  

The effects of altering mixing speed, cooling 

rate and crystallization temperature on crystal 

growth were investigated. Then the PUFA 

mixture was further cooled starting at the crys-

tallization temperature Tc. This was followed 

by a slower cooling sequence such as CR2 (0.1, 

0.05, 0.01 Kmin
-1

) to enable further crystal 

growth. The temperature regime was set as 

follows: 40°C to 17°C at 2 Kmin
-1

; held at 

17°C for 3.5hto reach equilibrium state and 

followed by 17°C to 6°C at CR2. 

The described procedure was repeated replac-

ing the Vibromix device with a flat blade im-

peller for the sake of comparability. 

Crystal growth monitoring 

Crystals were detected using focused beam 

reflectance measurement (FBRM, Mettler To-

ledo Ltd., Switzerland) technology. The sensor 

was installed inside the reactor, parallel to the 

axis of the cylindrical vessel and at 50% of the 

liquid level. A hole in the mixing disk enabled 

the sensor to fit through. The FBRM method is 

based on a rotating laser beam, which is re-

flected by particles. Using the duration of the 

reflection and the rotation speed of the laser, 

the distance the laser travelled on the particle 

surface can be calculated resulting in a chord-

length rather than the actual particle size.
12,13 

Due to the underlying measuring principle and 

the shape of the fatty acid crystals, the actual 

crystal size could not be determined using the 

FBRM, which is more applicable to nucleation 

kinetics. However, the technique revealed 

tendencies between the conducted experiments, 

whereas some parameter combinations resulted 

in larger chord lengths than others, suggesting 

different particle sizes. 

In order to obtain an impression of the actual 

crystal size, samples were taken isothermally 

and analyzed using a customized polarized 

light Leica MZ8 stereomicroscope. 
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Thermal analysis 

The PUFA mixture was thermally analyzed by 

DSC for the purposes of determining its equi-

librium temperature as well as estimating the 

range of the metastable zone.
14 

The sample was 

therefore cooled and reheated between 50°C 

and -50°C. Enthalpy was plotted versus time 

and temperature.  

RESULTS AND DISCUSSION 

The results of the thermal analysis are shown 

in Fig. 1. The method used for the interpreta-

tion has been taken from literature. Spontane-

ous nucleation starts with the onset of peak one 

and the endset of peak four indicates a point in 

the liquidus line. The solid liquid equilibrium 

temperature of this mixture is 22.4°C having a 

metastable zone ranging from 10.89°C up to 

the equilibrium temperature. Therefore, crys-

tallization temperatures (Tc) were chosen with-

in this range, since cooling at 10.89°C leads to 

an induction of spontaneous nucleation, which 

is unfavorable for the production of large crys-

tals.
15 

Due to the application of a stirring de-

vice, the  lower  boundary  of  the  metastable  

range was anticipated to be higher in the reac-

tor, compared to the DSC sample, resulting in 

a narrow metastable zone width.
16,17

 

Fig. 2(a) illustrates the chord length distribu-

tions versus time, recorded by the FBRM de-

vice as the crystallization temperature is varied. 

The time when the coolant reaches the crystal-

lization temperature served as time zero. In an 

ideal system time zero would be defined as the 

point when the feed reaches the crystallization 

temperature. However, the sample in the reac-

tor approaches its final temperature value as-

ymptotically. Hence, no definite time zero 

could be defined while relating to the bulk 

temperature of the reactor.The discrepancy 

between the temperature within the reactor and 

the coolant is illustrated in Fig. 2(b).It can be 

seen that crystallization temperatures lower 

than 17°C result in smaller chord lengths and a 

higher number of counts (Fig. 2(a)). 

Fig. 1 : DSC thermogram of the tested PUFA mixture (50°C to –50°C to 50°C at 1 Kmin
–1

) 

The temperature regime (Fig. 2(b)) shows con-

tinuous temperature gradients within the reactor 

for these crystallization temperatures between 

13°C and 16°C. In contrast, for crystallization 

temperatures 17°C and 18°C, larger chord 

lengths and fewer counts were detected and the 

temperature regimes also showed smooth curves. 

These findings suggest, that for crystallization 

temperatures below 17°C, spontaneous nuclea-

tion occurs, where a sudden release of heat, due 

to the crystallization process leads to the genera-

tion of temperature gradients. These conditions 

are not desirable since spontaneous nucleation 

leads to smaller crystals. At crystallization tem-

peratures 17°C and 18°C, the PUFA mixture is 

assumed to be within the metastable range, since 

larger chord lengths are detected and no visible 

sudden heat release occurs. Therefore, the focus 
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remained on higher crystallization temperatures. 

Further increase of the final temperature would 

have led to an even longer process, which is 

unfavorable from an economic point of view. 

Fig. 2 (a) Chord length distribution versus time, illustrated for various crystallization tem-

peratures. vd=25mms
-1

; CR1=1Kmin
-1

 (b).Temperature versus time of coolant and thermo-

couples within the reactor at different heights (H) and radii (R) in mm 

 

Fig. 3 : Chord length distribution versus time, illustrated for different cooling rates  

Tc=18°C; vd=35mms
-1 
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In theory, higher cooling rates lead to a rapidly 

increasing viscosity of the PUFA mixture, 

which is associated to higher diffusion re-

sistance and longer induction times.The reactor 

volume surface to cooling medium surface was 

large in spite of the Vibromix being a jacketed 

reactor. Fig. 3 demonstrates, that varying the 

cooling rate had no significant effect on the 

time when crystallization occurred after the 

coolant reached its final temperature. Also, no 

clear tendency towards larger or smaller chord 

lengths could be found. The relatively low 

particle counts and large chord lengths suggest 

that for the applied cooling rates and crystalli-

zation temperatures, the Vibromix system 

could provide a sufficient convectional heat 

transfer so as to remove the heat of fusion ef-

fectively. No significant temperature gradients 

were detected within the reactor. Due to tech-

nical reasons, no higher cooling rates could be 

tested. In order to shorten the cooling section, 

faster cooling might be desirable. The highest 

possible cooling rate, at which the Vibromix 

system is still able to remove occurring tem-

perature gradients, is to be determined in fu-

ture studies. 

 

Fig. 4(a) : Chord length distribution versus time, illustrated for different disk speeds  and (b) final 

chord length distribution (b). Tc=17°C; CR1=1.5Kmin
-1

Fig. 4(a) shows the effects of increasing the 

speed at which the perforated disk moves. It is 

clearly visible, that higher mixing speeds lead 

to a higher number of particles that are detect-

ed by the FBRM sensor. Also a tendency to-

wards an earlier onset of crystallization can be 

seen as previously shown in literature. The 

final chord length distribution is shown in    

Fig. 4(b) to enable a better display of differ-

ences in chord lengths. It is visible that higher 

disk speed leads to a decrease of chord lengths. 

These results suggest, that the moving disk 

causes significant breakage of crystals, leading 

to both smaller and higher of number of parti-

cles.  

In order to increase the crystallized mass, the 

sample was cooled further after the primary 

crystals had formed Cooling rates 0.1 Kmin
-1 

and 0.05 Kmin
-1

 were found to cause sponta-

neous nucleation. The released heat of fusion 

 a b
a 
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could not be removed adequately and thereby 

altering the metastable zone. On the contrary, 

the applied cooling rate 0.01 Kmin
-1

 results in 

a significant increase of crystal size. The chord 

lengths clearly shift towards higher values as 

time proceeds (Fig. 5(a)). 

Fig. 5(a) indicates, that for the given tempera-

ture profile controlled crystal growth can be 

achieved within the metastable zone range using 

Vibromix reactor. An equivalent experiment 

was conducted using a blade impeller at low 

stirring speed (5rpm) to comparison with a con-

ventional agitation device. The results are 

shown in Fig. 5(b). In contrast to the Vibromix 

reactor, application of a second cooling se-

quence had no benefits with respect to chord 

lengths. An enormous increase in counts during 

the 9
th
 hour suggested that the blade impeller 

 

Fig. 5 : (a) Chord length distribution versus time for the Vibromix reactor at 10mms
-1

 (b) and 

the reactor with blade impeller at 5rpm .. Cooling to Tc=17°C at 2Kmin
-1

 (first sequence) and from 17°C at 

CR2=0.01Kmin
-1

(second sequence) 

cannot remove the heat of fusion effectively over 

the entire run. As a consequence, no phase equi-

librium wasreached, the metastable zone was 

abandoned leading to spontaneous nucleation. 

Microscopic analysis of samples from each 

reactor type is shown in Table 1. Samples 

were taken in intervals after the first crystals 

were detected. Time zero refers to thepoint in 

time, when the coolant reached Tc. Firstly, it is 

apparent from this visual analysis that the ac-

tual fatty acid crystal size differs significantly 

from the chord length provided by the FBRM 

device. Most crystals appear to have a diame-

ter of 500µm approximately, whereas the 

FBRM device suggested maximum chord 

lengths of about 30-40µm (t≈21:00). It is clear-

ly visible that the actual crystal size lies well 

above the chord length provided by the FBRM 

device even though Fig. 6 provides no exact 

crystal size distribution. Both the reactor with 

blade impeller the Vibromix reactor produce 

similar primary crystals. However, during the 

second cooling sequence, spontaneous nuclea-

tion occurred as described earlier. 
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Table 1 : Images of fatty acid crystals, taken after first crystals were detected (t≈1:00). 

Applying the Vibromix reactor (left) and the blade impeller reactor (right). Tc=17°C; 

CR1=2Kmin
-1

; CR2=0.01Kmin
-1

. 

 

Fig. 6 : Entire picture area, Vibromix t=21:00. Marked section relates to the  magnification in 

Table 1

As a result, numerous crystals grew rapidly 
and uncontrolled, turning the fatty acid mixture 
into a slurry with no prospects of solid-liquid-
separation (Table 1, t≈21:00, blade impeller). 
On the other hand, the fatty acid crystals grow 
continuously until the final temperature is 
reached (t≈21:00) in the Vibromix reactor. The 

final crystalline product is clearly distinguish-
able from the mother liquor, which allows the 
application of solid-liquid-separation by means 
of filtration.  
Interestingly, the morphology of crystals ob-
tained applying the Vibromix reactor seems to 
differ from those obtained using the flat blade 

 

 

 

Time[h:min] Vibromix reactor (vd=10mms
-1

) 
Reactor with blade impeller 

(vb=5rpm) 

2:00 

  

3:00 

  

4:00 

  

5:00 

  

21:00 

  

Start of second 
cooling sequence 
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impeller. While crystals formed using the Vi-
bromix reactor appear to have a distinct nee-
dle-shaped growth, crystals formed in the 
blade impeller reactor had softer contours. 

CONCLUSION 

The Vibromix agitation method has been suc-
cessfully applied for fatty acid crystallization for  
the first time in this work. It has been verified 
that fatty acid crystals of adequate size can be 
createdby this method, enabling separation from 

the liquor by means of filtration. It has been also 
shown, that similar results could be obtained 
using a conventional blade impeller reactor alt-
hough primary crystals of comparable size could 
be produced. 
However, the formation of large crystals using 

the described setup was found to be extremely 
time consuming. Fast cooling of the first cooling 
sequence, would have been desirable to shorten 
the process duration. The temperature within the 
reactor could not be adjusted precisely due to the 
geometry and the given heat exchange surfaces 

of the reactor. The heat exchange surface should 
be increased in order to enable more exact tem-
perature control. A slow cooling sequence should 
be applied as second step such that the tempera-
ture profile remains in the metastable zone and 
phase equilibrium can be reached. 

The Vibromix system showed a promising po-

tential for fatty acid crystallization. The long 

process duration is rather due to the reactor setup 

and the kinetics of the fatty acid crystallization 

procedure than due to the agitation method. The 

Vibromix reactor creates sufficient fluid circula-

tion at low disk speeds, providing a relatively 

gentle agitation of the crystals.  
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