
Low trans in Partially Hydrogenated Fats by Using Micro Reactors

Problem and Aim
Trans fatty acids (TFA) in foods promote cardiovascular diseases, cancer, type 2 diabetes and obesity. Therefore there are a lot of regulatory
(e.g. Danish order No. 160) as well as technological activities to reduce the TFA content in foods. 

A very high amount of TFA is generated by partial hydrogenation of fats and oils to change their physical properties for margarine, shorte-
nings or other applications. One way to avoid that is total hydrogenation followed by interesterification, which results in differing proper-
ties. Another alternative is the improvement of the partial hydrogenation process by optimisation of the process conditions (high pressu-
res, low temperatures), new catalysts (precious metals, zeolites) or new technologies (supercritical, membrane hydrogenation). 

The aim of our project was to study the partial hydrogenation process and TFA forming in a micro mixer system, using a commercial nickel
catalyst dispersed in the oil.

Frank Pudel, Mathias Rohrbeck; PPM Pilot Pflanzenöltechnologie Magdeburg e.V., Magdeburg | Bernd Werner; IMM Institut für Mikrotechnik Mainz GmbH, Mainz

Fig. 1:  Principles
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Fig. 2: Alternative Processes

Advantages
The advantages of micro reactors consist in 

- intensive mixing,
-no dead spaces,
-very high heat and mass transfer rates and
-extremely short reaction times.
Industrial size plants are designed not by scaling-up, but by numbering-up.
Due to the tiny reactor volumes such plants are clearly smaller and more
safety than conventional ones.  

Caterpillar split-recombine micro mixer CPMM-R1200 (IMM)

Standard mixing channels: 1.200 * 1.200 µm
Temperature: -40 – 220 °C
Pressure stability: 100 bar
Flow rate: 4 – 80 l/h
Residence time: 3.15 – 70,2 ms
Inner volume: 78 µl
Max. viskosity: 100 mPas
Size (L*W*H): 60 * 45 * 30 mm

Materials
Rapeseed oil (fully refined)
Hydrogen (99.9 %)
Ni-catalyst KL6503-P (Kataleuna, 0.05 %, 10-20 µm, 65-71 % Ni, BET: 160-
200 m2/g)

The project was supported by the German Federal Ministry of Economy and Technology (Project No: IW050071). 

Results

Micro mixers
Definition
A micro reactor is a micro chemical and thermal system (mixer, absorber, evaporator, extractor) which contains smallest channels 
or other reaction spaces. The reaction spaces are be formed by micro spark erosion or lithographic processes. 

Split-recombine Multilamination Jet collision

Analytical Methods
Iodine Value - DGF C-V 11
Fatty Acid Composition - DGF C-VI 10a (2000)

Conclusions
- Partial hydrogenation of edible fats and oils can be done in micro reactors.
- The reaction conditions are comparable with the conventional hydrogenation

process, but the reaction time is drastic shortened. 
- The TFA content of the resulting partial hydrogenated fats is reduced. 
- TFA and SFA content, the formation of isomers with moved double bonds as 

well as the melting properties in dependence on the process parameter are 
to study more in detail.    

- Advanced investigations should address the heterogeneous hydrogenation 
in micro mixers with precious metals coated surfaces.    
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