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Liquid chromatography (L.C) separation is an important process in the
manufacturing of biopharmaceuticals and functional foods, to meet the high quality
requirements of them. L.C separation performance is controlled by manipulating
various parameters. Typical parameters include, for example, flow rate, mobile
phase composition, gradient conditions, separation agent particle size, and column
length. One of these parameters is temperature, which has not been well studied
compared to other parameters. There are examples of study evaluating the effect of
temperature in fine separations such as HPLC, mainly focusing on analyzing the
adsorption behavior of samples to the separation agent. However, there are few
examples of determining the optimal temperature to maximize separation
performance. Furthermore, there are hardly any studies on the optimization of
temperature in preparative chromatography for manufacturing. Even in actual
production processes using preparative LC operations, there are very few examples
of temperature control. Some limited examples include temperature control in ion
exchange LC separation processes of sugars to prevent microbial growth and
decrease the viscosity of mobile phases and sample. However, it is clear that
temperature affects substance movement, mobile phases, and viscosity in L.C
processes, ultimately impacting separation performance and productivity.
Temperature is also an attractive parameter for several reasons: it is easy to
measure, not introducing new compounds into the process, and reducing the impact
of environment by reducing the use of organic solvents. Therefore, considering the
temperature conditions in LC separation, particularly the optimal temperature to
maximize productivity, will be highly useful from an industrial perspective in terms
of improving productivity and reducing environmental impact.

In this study, we used a two-component separation system of polyphenols with an

ethanol-water mixture as a mobile phase and a separation resin based on
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polystyrene divinylbenzene (PS-DVB) as a stationary phase. he resin is the
stationary phase used in actual functional food production. Using this model
separation system, we try to evaluate the effect of temperature on L.C separation
and o develop the method to determine the optimal temperature.

Chapter 1 is an introduction, background and objectives of this study and outlined
the structure of the paper.

In Chapter 2, we developed a simple evaluation method for assessing the effect of
temperature on isocratic LLC in the model system. The values of height equivalent to
a theoretical plate (HETP) over a wide temperature range of 15-45°C could be well
explained by a single curve plot of dimensionless HETP against dimensionless linear
velocity, indicating a good correlation. We also determined simplified equations for
separation factor that includes temperature-dependent distribution coefficients and
molecular diffusion coefficients. Analysis of the changes in resolution with
temperature revealed that there is an optimal temperature for maximizing
resolution under certain L.C conditions, but ultimately, resolution gradually
decreases with increasing temperature. Additionally, both separation volume and
separation time decrease with increasing temperature, suggesting the economic
benefits of conducting L.C at high temperatures.

In Chapter 3, we tried to determine the optimal temperature for L.C separation by
more complex calculations, assuming the same conditions as the actual separation
conditions. We developed a method to determine the temperature that maximizes
productivity based on experimental data from isocratic LC. Under conditions of
constant mobile phase concentration, we determined temperature dependent
distribution coefficients and diffusion coefficients, and used them to determine
resolution and productivity as functions of temperature. Using these functions, we
tried to determine the temperature and flow rate combination that minimizes the
time for L.C cycle under constant separation conditions. We were able to determine
the combination of temperature and flow rate that minimizes the cycle time.
Furthermore, we attempted to determine the combination of temperature and flow
rate that maximizes the productivity of the L.C process. Productivity was defined as

the product amount per column volume, mobile phase volume, and time under

isocratic conditions. The optimal temperature was determined by the calculation.
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The calculation method was simple and considered useful from an industrial
perspective. By further advancing the calculations, we were able to determine the
combination of solvent composition, temperature, and flow rate that maximizes
productivity. The developed calculation method made it possible to evaluate the
effect of not only solvent composition, temperature, and flow rate, but also column
length and particle size of the separation agent on productivity. The ability to
comprehensively evaluate the effects of various parameters that effect the
performance of chromatography, including temperature, is considered highly
valuable from an industrial perspective.

In Chapter 4, we summarized the findings obtained from this study as conclusions

and discussed future prospects and challenges.
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