
Final Report 

Project acronym: 4dBloodROT 

Project number: 5086 

M-ERA.NET Call 2017

Period covered: 01/10/2018 to 31/03/2022 

Coordinator: 
Dr. Juergen M. Lackner | juergen.lackner@joanneum.at | JOANNEUM RESEARCH 
Forschungsges.m.b.H., Institute of Surface Technologies and Photonics | Austria 



3 AUT In-Vision 

Technologies AG

(INV) 

SME - - 80 

4 AUT Lithoz GmbH (LTZ) SME - - 40 

5 AUT Polymer 

Competence Center

(PCCL) 

RES - - 135 

6 AUT University of

Leoben, Institute of

Chemistry of

Polymeric Materials 

(MUL)

RES 10 10 31 

7 POL MESco Sp. 

z.o.o.

(MESco)

SME - - 20 

8 POL Polish Academy

of Sciences,  

Institute of

Metallurgy and  

Material Sciences

(IMIM)

RES - - 100 

2. Publishable project summary

Focus on methodology, results and conclusions (max. 1 page). 

Please note: The publishable summary will be used for dissemination by M-ERA.NET and the EC.  

Rotor demonstrators for cardiological blood pumps and of implants for ventricular assist devices for 

short-term and medium-term application were designed and manufactured by the additive 



manufacturing method stereolithography. The optimization of the rotors was supported by finite 

element based mechanical and fluid dynamic simulations.  

Biocompatible thiol-yne based photopolymer resins were developed, reinforcement with carbon 

nanotubes as filler material even increases the bioactivity, but negatively affects the mechanical 

properties. However, the resin system is interesting for a number of medical applications requiring 

complex (patient-specific) shape, high bioactivity and low cytotoxicity.  

A demonstrator projection system for stereolithography printing, potentially interesting for 

commercial applications in the field of larger printing systems and components, was developed. 

Titanium nitride and amorphous silicon oxide hydrogen coating systems reduce cytotoxicity and 

improve hemocompatibility of the investigated samples and demonstrators. 

The functionality of the developed rotor demonstrators was tested on a laboratory scale with respect 

to blood compatibility (blood flow, hemolysis, thrombogenicity). First tests were promising and will 

be continued after the end of the project. 

3. Main results, conclusions and fulfillment of objectives (max 3 pages).

3.1. Summary of main results and conclusions 

Summaries the results and main conclusions achieved during the whole project duration  

The main objectives of the project were the development and improvement of rotor designs for 

cardiological blood pumps and of implants for ventricular assist devices for short-term and medium-

term application. These were essentially achieved. 

The rotor design (Figure 1a) was optimized with respect to printability by stereolithography (SLA), 

arrangement of the embedded permanent magnet system and hydrodynamic performance bearings 

and drives. The optimization was supported by finite element based mechanical and fluid dynamic 

simulations.  

Biocompatible thiol-yne based photopolymer resins were developed. The excellent bio- and

hemocompatibility of these new resins could be demonstrated in in vitro tests. Reinforcement with 

carbon nanotubes as filler material even increases the bioactivity, but the curing behavior by UV 

irradiation and the mechanical properties are negatively affected. However, this resin system with 

added carbon nanotubes may be interesting for alternative applications like medical devices that 

require high bioactivity and are not subject to very high mechanical stress. 

The developed thiol-yne photopolymers were used for SLA printing of samples for in vitro and in 

vivo experiments as well as for rotor demonstrators (Figure 1b), coating experiments and subsequent 

biocompatibility tests. The quality of the printed rotors in terms of dimension and surface roughness

was significantly improved compared to first printing tests in the beginning of the project. A 

demonstrator projection system was developed and two light and projection units were custom

fabricated (Figure 1c). The precise alignment of the optical axes with respect to the mechanical axes

of the two light units is complex and strongly dependent on temperature. For commercial applications 

in the field of larger printing systems and components, which is however requested by the market,

further developments will be necessary here after the end of the project.  


