
 
Isothermal Shield

for bottles

SmartFreezCRYO



The unique insulator to prevent protein 
aggregation and container damage 
caused by pressure.

SmartFreezCRYO Isothermal Shield, is an insulating cover designed for bottles and 

carboys to prevent the development of an ice crust during freezing.

The ice crust difficults water expansion during freezing, increasing pressure and mechani-

cal stresses to proteins and containers. This is a source of protein aggregation and 

container failure.

Fig. 1 – SmartFreezCRYO Isothermal Shield. 

The insulator with phase-change material is 

placed at the top of the bottle. It covers the top of 

the bottle leaving the bottom exposed to the 

external conditions. 

Improves freeze-thawing quality of biologic drug substances;

Can be manufactured for different bottle sizes and shapes;

Easy to remove and reuse;



Fig. 2 - Isothermal Shield performance at -80 °C, using 

a 0.5 L bottle with a 10% (w/w) sucrose solution. 

On the left hand side is shown the result with the 

Isothermal Shield (evidencing the flat interface) and on 

the right hand side is shown the result obtained 

without the Isothermal Shield (with an ice-mount on 

the top).

Fig. 3 - Above is represented the pressure rise inside 5 L bottles 

with different wall thickeness during freezing. Thinner bottles 

was able to release the internal pressure by substantial 

deformation and a convex bottom. The thicker bottle deforms 

slightly but the internal pressure was kept high.

SmartFreezCRYO 
Isothermal Shield

Without the Isothermal Shield the top of 

the liquid freezes rapidly, forming an 

ice-crust that encloses the remaining liquid 

phase, causing the pressure of the confined 

liquid to increase.

The entrapped liquid phase is therefore 

pushed throught out the ice-crust, causing 

a mound-like structure at the top (Fig. 2). Air 

bubbles are typically entrapped within the 

ice-crust forming a foamy-like ice struture 

which presents a higher interfacial tension.

Pressure rise 
during freezing, 
a cause of stress to 
proteins and containers.

The freezing experiments with a pres-

sure transducer revealed that the 

hydrostatic pressure in 5 L bottles 

reached approximately 10 bar. The 

bottle with thinner walls deformed 

substantially, and the bottom became 

convex releasing the internal pressure 

(Fig. 3a). The bottle with thicker walls 

reached a pressure plateau at appro-

ximately 10 bar, only a slight deforma-

tion was observed on the side walls 

(Fig. 3b), and no deformation was 

observed in the bottom. Although 

both bottles show a large ice mound 

at the top, evidencing mechanical 

stresses related to water expansion 

during freezing.
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Improving Freeze-Thaw 
Reducing interfacial and mechanical stresses in bottles.

Ice profile in a 2 L bottle during the freezing process at -75 ºC for 3 h without Isothermal Shield.

With 
Isothermal
Shield

- Hindering of the ice crust;

- Release of air bubbles;

- No internal pressures;

- Attenuation of mechanical 

  and interfacial stresses;

60 min 90 min 120 min 150 min 180 min

Without 
Isothermal
Shield

- Build-up of an ice crust

  during freezing;

- Entrappement of air bubbles;

- Increasing pressure;

- High mechanical and 

   interfacial stresses;

60 min 90 min 120 min 150 min 180 min

Ice profile in a 2 L bottle during the freezing process at -75 ºC for 3 h with Isothermal Shield.



Fig. 4 - Comparison between bottles with and without Isothermal Shield. The images show, from left to right, the MRI of the ice 

matrix, the local concentration of protein (defined as C/C0), measured after sampling from the frozen solution, and the local 

variation of Δ% of aggregates (relative to initial solution before freezing).

The Magnetic Ressonance Imaging (Fig. 4, left hand side bottle) shows the ice matrix 

structure. The bottle without shield has a concentrated region (in white) at the centre 

and bottom. Entrapped bubbles are evident immediately below of the ice mound, 

partially separating the ice mound from the remaining of the bottle. With the Isothermal 

Shield the bubble layer is significantly smaller.

The local concentration (C/C0) of protein (Fig. 4, centred bottle) is similar in both bottles, 

with higher concentrations at the centre and bottom. However, the uncovered bottle 

has an asymmetric top, with a diluted region on the left (C/C0 < 1, blue) and a concentra-

ted region on the right (C/C0 > 1, red).

The local variation of the percentage of aggregates (Δ%) is quite different in both bottles 

(Fig. 4, right hand side bottle). The bottle without shield generally shows higher aggrega-

tion (more  areas with darker color). Maximum aggregation (10% more aggregates than 

the initial solution) was detected on the right wall of the uncovered bottle  (concentrated 

side) underneath the ice crust.

Reducing aggregation 
Isothermal Shield improves protein stability.
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