
 

 

 
 
 
 
 

 
 
  
 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Waste Converted into Essential Drug 

 
Sleeping sickness is an infectious and poten-
tially fatal disease that is transmitted to humans 
via insects (usually the tsetse fly). If untreated, 
the disease can cause problems in the central 
nervous system. Estimates are that 50,000 to 
500,000 people die from this disease every year. 
Fortunately, there is a treatment for the disease, 
eflornithine, which can now be produced from a 
harmful waste product, fluoroform. 

Fluoroform has a large global warming potential 
(14,800 times higher than carbon dioxide), 
meaning that its release into the environment is 
restricted. It is produced in very large amounts 
during the manufacturing of Teflon, a commonly 
used material for non-stick pans and cookware. 
Typically, the method for disposing of fluoroform 
waste consists of burning it, which has the 
inevitable problem of producing CO2 emissions. 
By putting the Teflon waste-product through a 
flow synthesis process the material can serve a 
more ecological and useful purpose. 

This “green” reaction involves very fast mixing of 
different materials, including fluoroform, by 
continuously injecting them in a novel reactor 

especially designed and manufactured for this 
purpose using 3D printing technology. 

 

3D Printed Chemical Reactor  

 
The reactor was 3D printed from stainless steel 
using selective laser melting (SLM) technology. 
Graz-based company Anton Paar GmbH and 
experts from the University of Graz, the Graz 
University of Technology, and the Research 
Center Pharmaceutical Engineering GmbH were 
responsible for the reactor design and manufac-
turing. The scalable 3D printed flow reactor 
consists of a number of zig-zagging channels in 
which nBuLi (as a base substance), fluoroform 
(as a reagent), and a quench solution can be 
inserted. The reactor’s structure was designed 
specifically for “a fast difluoromethylation reac-
tion” between nBuLi and fluoroform. To fabricate 
the continuous flow reactor, an EOS M 280 SLM 
3D printer was used by manufacturer Anton 
Paar, with 316 L stainless steel powder with a 
median particle size of 43.5 μm as feedstock. 
The stainless-steel device measured 16 x 9 x 3 
cm and offered optimal chemical compatibility 
and thermal conductivity. 

 

Waste Greenhouse Gas Converted into Useful Synthetic 
Building Block in 3D Printed Stainless Steel Reactor
Researchers from the CC FLOW consortium in Graz, Austria, have developed a custom flow 
reactor 3D printed from stainless steel which is capable of converting fluoroform an environ-
mentally harmful Teflon waste gas produced from the chemical production of Teflon product 
into eflornithine, a drug used to treat African trypanosomiasis (better known as sleeping sick-
ness). 
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Further information on COMET – Competence Centers for Excellent Technologies: www.ffg.at/comet  
This success story was provided by the consortium leader/centre management for the purpose of being published 
on the FFG website. FFG does not take responsibility for the accuracy, completeness and the currentness of the 
information stated.   

 

 
Fig. 1: Stainless steel 3D Printed Reactor De-
signed by the researchers from Graz 

 

The 3D printed steel reactor demonstrated its 
capability of producing the intended synthetic 
substance with “excellent purity” after less than 
two minutes. In this process the researchers 
essentially pumped in fluoroform from one end 
and, after going through the 3D printed reactor, 
the fluoroform is transformed into eflornithine, 
which is emitted from the reactor. 

 
Impact and effects 

 
The continuous flow process is especially valu-
able because it usefully converts the fluoroform, 
which would otherwise have been burned off, 
into a useful substance, and additionally could 

 help to reduce waste and pollution from Teflon 
manufacturing. 

 
Fig. 2: Chemical reaction converts fluoroform into 
useful synthetic building blocks 

 

Currently, CC FLOW is continuing work on its 
3D printed reactors and is even exploring the 
potentials of high-performance ceramics in the 
field through a partnership with Lithoz, an Aus-
trian ceramic 3D printing company. 

The fabrication of the 3D printed reactor and the 
chemical reaction leading to eflornithine have 
been published in the international scientific 
journals Reactor Chemistry and Engineering and 
Green Chemistry: 

“Utilization of Fluoroform for Difluoromethylation 
in Continuous Flow: A Concise Synthesis of α-
Difluoromethylamino Acids”, by M. Köckinger, T. 
Ciaglia, M. Bersier, P. Hanselmann, B. Gut-
mann, C. O. Kappe, Green Chem. 2018, 20, 
108-112. 

“Design and 3D Printing of a Stainless Steel 
Reactor for Continuous Difluoromethylations 
Using Fluoroform”, by B. Gutmann, M. Köck-
inger, G. Glotz, T. Ciaglia, E. Slama, M. Zad-
ravec, S. Pfanner, M. C. Maier, H. Gruber-
Wölfler, C. O. Kappe, React. Chem. Eng. 2017, 
2, 919-927. 
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