SLOVAK

[ ]
SQCIETY OF
SS I CHEMICAL
ENGINEERING

Slovak Society of Chemical Engineering
Institute of Chemical and Environmental Engineering
Slovak University of Technology in Bratislava

PROCEEDINGS

49" International Conference of the Slovak Society of Chemical Engineering SSCHE 2023

hotel SOREA HUTNIK I
Tatranské Matliare, High Tatras, Slovakia
May 15 - 18, 2023

Editors: Assoc. Prof. Mario Mihal, Dr. Ivan Cervehansky

ISBN: 978-808208-101-8, EAN: 9788082081018

Published by the Faculty of Chemical and Food Technology STU in Bratislava for the Institute
of Chemical and Environmental Engineering in 2023

iroslikova, S., Kléova, K., Tichy, E., Rajniak, P.: Experimental and theoretical investigation of inhomogeneous
lyophilization: The impact of the vials packing density and solid-phase resistance on the drying rate, Editors:
Mihal, M., Cervehansky, L., in 49th Inte'ma,‘tiona[ Conferguw of the Slovak Society of Chemical Engineering
SSCHE 2023, Tatranské Matliave. Slovakia, 2023. -



49th International Conference of SSCHE
May 15 - 18, 2023, Tatranské Matliare, Slovakia

Experimental and theoretical investigation of inhomogeneous
lyophilization: The impact of the vials packing density and solid-phase
resistance on the drying rate

Simona Kro$lakova', Kristina Kl¢ova?, Eduard Tichy®, Pavol Rajniak'?.

! Sitno Pharma, Ltd., Rybné ndmestie 4135/1, 811 02 Bratislava, Slovakia

’Department of Chemical and Biochemical Engineering, Institute of Chemical and
Environmental Engineering, Faculty of Chemical and Food Technology, Slovak University
of Technology in Bratislava, Radlinského 9, 812 37 Bratislava, Slovakia

SHameln Co., Research, Development & Supply, Hornd 1408/36, 900 01 Modra, Slovakia

Abstract

Lyophilization is a proven method that is used primarily for drying thermolabile substances
and chemically highly unstable drugs, such as proteins, vaccines, hormones, or even
biopharmaceuticals. The freeze-drying process is slow and time-consuming and requires a
rational design of conditions for individual drying steps. The freeze-drying cycle consists of
three main steps: freezing step, primary and secondary drying.

Inhomogeneity is one of the problems of lyophilization that is still not fully understood. It's
a phenomenon where peripheral vials placed on a shelf dry much faster than central vials.
This observation can be influenced by several reasons, such as heat transfer from the walls of
the chamber, different construction of the shelves, but also the effect of the packing density
of the vials. In addition to the mentioned sources of inhomogeneous drying, the drying rate is
effect by the resistance of the solid phase, which is formed during lyophilization in real
solutions. In these solutions, not only heat transfer occurs, but the process is also affected by
mass transfer, both of which cause differences in drying rate between the peripheral and
central vials.

In this presentation we share experimental results of inhomogeneous lyophilization.
Gravimetric measurements in all vials on a shelf were performed and evaluated using
transient mathematical models of sublimation and primary drying. Distributions of heat
transfer coefficients and pore resistances in vials are presented proving inhomogeneous
distributions of heat transfer coefficient and its dependence on the packing density. On the
other hand, the distribution of pore sizes is relatively narrow without a clear dependence on
the location in lyophilizer.
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