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Freezing and freeze-drying are widely used to improve the stability of biopharmaceutical drug 

products such as vaccines [1]. At production scale, tens of thousands of vials containing the 

drug product are densely packed together. For such system, properties of the frozen products 

such as the time and temperature of nucleation inherently vary among vials [2,3,4]. This 

variability presents a major challenge for process design and optimization: the stability, and 

thus shelf life, of the drug products strongly depend on the nucleation behavior [5]. 

A rational freezing process design should therefore ensure that all vials freeze in a way that 

not only preserves their activity in general, but also minimizes variability among vials [6]. 

Since ice nucleation, i.e., the first step of freezing, is a stochastic process, this variability 

cannot be mitigated entirely [2]. This has motivated the development of technical solutions 

to control the nucleation process, e.g., by inducing nucleation with artificial means. 

These controlled nucleation methods include seeding with ice fog, application of ultrasound, 

as well as fast cooling via evaporation; they have in common that they add significant 

complexity to the process design, limiting their application mainly to academic settings. The 

need to control nucleation in industrial settings still has to be addressed [7]. 

To do so, we have to study the mechanism of nucleation during freezing. Nucleation is 

generally assumed to occur heterogeneously, i.e. on a surface; such surface may either be 

provided by the container or by impurities within the drug product [2,4,7]. Under sterile 

manufacturing conditions in industry where only miniscule amounts of impurities are 

present, the vial surface is considered to play a major role in nucleation [7]. 

This work aims to study the effect of vial surface and impurity content on nucleation; 

specifically, we will study to which extent different vial materials and coatings effect the 

nucleation behavior. Furthermore, we will quantify the differences in nucleation behavior 

among standard laboratory conditions and sterile conditions.  

  

Scope of the Project: 

This project aims at deepening the understanding of ice nucleation in complex aqueous 

systems during freezing. To do so, the student will carry out a comprehensive experimental 

campaign using the methodology recently developed in our lab. The campaign will involve 

various vial types made of different materials and coatings, as well as different 

environmental conditions (sterile conditions, standard lab environment). The experimental 

findings will be analyzed in detail in order to identify promising vial specifications, and 

potentially to develop novel vial coatings with superior nucleation properties. 
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Proposed Outline of the Main Project  

 Short literature review on the research topic and existing works in this field 

 Familiarization with the setup available in the lab as well as with the methodology 

for nucleation kinetics measurements 

 Carrying out an experimental campaign in the setup 

 Analyzing the outcome of the experimental campaign and developing best-practice 

guidelines regarding the choice of vial material in the context of freezing 

Requirements  

 Solid background in engineering subjects 

 Creative, highly motivated and independent attitude  

 Frustration tolerance (Experiments are always challenging…  ) 

Deliverables 

Short reports of what has been done during the week should be submitted to the supervisors 

every Friday. The work carried out and the results obtained will be presented in two oral 

presentations, one about halfway through the project and one at the end. 
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