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Introduction Conclusions

In a biopharmaceutical plant, more that 50% of the operation is mixing or hydration. A mixing vessel is required for operations spanning preparation of cell culture e Results indicate homogeneous mixing without stagnant zones across all probe locations.
media and buffers to mixing of product in the intermediate storage steps and even during viral clearance. Single-use mixers have been used in the past two decades in
biopharmaceutical plants to replace the use of stainless steel vessels. Heating/cooling and mixing properties are the two key parameters important for mixing applications
and are needed when comparing the performance between stainless-steel and single-use mixers. In this study, two parameters—heating/cooling and liquid/liquid mixing

e Excellent comparability in terms of liquid/liquid mixing time and time to heat/cool the mixer
content was observed at 50, 200, and 500 L volumes.

time—were characterized for a range of volumes and impeller speeds in the 50, 200, and 500 L XDM or XDUO mixers. This was done in order to confirm homogeneous mixing e Mixing time was found to decrease with lower working volume and viscosity and increase with
without stagnant zones and sufficient heat transfer capacity. Additionally, the impact of viscosity on mixing time was characterized in the mixing time investigation. impeller speed at the conditions tested in this study.

Methods Results

The temperature characterization study was performed at variable working Heating/cooling times for the three mixers are shown in Figure 2. Figure 3 displays mixing times measured at the different probe positions in Figure 1

volumes and temperature intervals running at constant impeller direction and for the high level settings of volume, viscosity, and impeller speed. Contour plots describing the effect of impeller speeds, volumes, and viscosities on

speed. Temperature shifts were performed using a manual setpoint strategy liquid/liquid mixing are shown in Figure 4.

without temperature feedback control. The heating/cooling times were established
by calculating by calculating the time to reach 95% of the step change (t,.). Three
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working volumes (min, mid., and max., Table 1) were evaluated for the different mixer . . oL
sizes in both studies. In the mixing study, viscosity, impeller speed, and working 40 S0t 25 - = 2001
. - . . . . 200 L
volumes were varied. The mixing times were established by calculating the time to 33 - : ool 5001
reach 95% of the pH step change (t_ ). The impeller was run in a counterclockwise 30 5
direction giving an upward flow. Acid was added to the top of the liquid via the 23 4 2
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locations in the bags (Fig 1) to show mixing homogeneity. The probe location with the 1.0 |
longest mixing time in each run was used to generate Design of Experiments (DoE) 0.5 |
contour plots to display the worst-case scenario. 0.0 _ 3 A 5 6 ; 8 9
5°Cto 20°C 20°Cto 5°C 20°Cto 37°C 37°Cto 20°C Probe positions
Table 1. Experimental parameters used for heating/cooling and liquid/liquid mixing studies Fig 2. Heating and cooling times (t,.) at max. working volume and 125 rpm impeller speed for the 50, 200, Fig 3. Mixing time (t__.) for different positions at max. working volume, 20 cP viscosity, and 175 rpm impeller
, , , , e and 500 L mixers. speed for the 50, 200, and 500 L mixers.
Parameters Settings: heating/cooling Settings: liquid/liquid mixing
Liquid volumes 17,33.5,50 L (XDM 50)
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0.2 M HCI/0.2 M NaOH for pH shifts,
sucrose for viscosity
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