Computer-assisted Optimization in Preparative SFC
Challenges, Pitfalls and Solutions
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Summary The Column Pressure Drop Inverse Method

We will demonstrate the insufficiency in the direct AP The inverse method of non-linear chromatography is a rapid method
transfer of the simulation tools of HPLC to SFC. ~ spc In HPLC, the co.lumn pres- to determine the adsorption isotherm parameters, p, directly from
sure drop (AP) is generally overloaded chromatograms. Inverse Method Flowchart:

much larger than in SFC. (1) Assume model g(C,p), (2) Guess parameters p, (3) Perturb p

“~HPLC But due to low compress- to minimize difference, (4) lterate (3) until convergence
>~ x ibility, the density variation

(Ap) is negligible [4].

Our long term goals is to determine the variable coeffi-
cients in a chromatographic column model in order to
optimize preparative SFC.

Background

Given the benign nature of carbon dioxide, and the
potential economic incentives for application of SFC
compared to HPLC, the physiochemical nature of SFC
needs to be more thoroughly understood.

In SFC, a pressure drop will
give a density variation which
Is not negligible.
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Experimental example

Today it is difficult to accurately model, simulate and

optimize a preparative SFC process for all operating Experimental setup

conditions. Because of the lack of understanding, the Theoretical Model HPLC/S FC Compound R(-)-methyl-mandelate
application of preparative SFC has been very limited Column Kromasil CelluCoat
compared to that of HPLC. The Equilibrium-Dispersive model 25x0.46cm 10 pm
9C p 9 (uC 5 9¢ Temperature 40 °C
Introduction - F d | (uC) — (Da_> Back pressure 150 bar
. o . ot 0t Ox  Ox\ "Ox Mobile Phase  CO, methanol 90/10
Describing the migration of a molecule in packed . . .
. . - C mobile phase concentration Flow 1 and 3 mL/min

column SFC is more complex than in HPLC. This is . .

. . F phase ratio (nominal at pump)
due to the sub- or supercritical nature of the mobile . .

. . . g stationary phase concentration

phase and its compressibility. Operating the system ) linear velocit Case |
under non-negligible pressure drop will change the D. apparent di>s/ ercion coefficient 1 mL/min nominal
adsorption isotherm and the tools developed for HPLC 2 9PP P AP =~ 0 bar
cannot be used to optimize the process [1 - 3]. f ~N ~Espermen Results
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For a given column, substance, eluent, set mass
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flow, working temperature T and back pressure = Case |
P, the following table can be compiled. S5
HPLC SFC oo §
This research is a part of the newly initiated project, T  constant | T = AAP) s é 5 e f q Case li
p  constant | p=fAT,P) Ca§e 1
"High-Value Compounds from Agricultural and g qg=fC) | gq=f(C,p, T) 3 mL/min nominal
Forestry Waste by Sustainable Methods- an Interdisci- u  constant | u= flp) ) AP ~ 20 bar \ | -
plinary Approach for Bioresource Utilization” D, constant | D, = f(p, u) o “ emtaton |
L . . . . Therefore s
which aims at making an impact in recovery of high- To be able to simulate a SFC process using the f References

value compounds, e.g. antioxidants, from agricultural
byproducts and wastes using environmentally sustain-
able techniques.
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