Accurate Blank Corrections for Zero Length Column Experiments

Maarten Verbraeken, Alessio Centineo, Luigi Canobbio, Stefano Brandani
School of Engineering, University of Edinburgh, Robert Stevenson Road, The King’s Buildings, Edinburgh, EH9 3FB

Supplementary Material

[bookmark: _Ref39229289]Table S1: Parameters for modelling the behaviour of the low volume tee-junction with diffusive side pocket for main setup
	Parameter
	
	
	Source

	 (10%)
	
	
	(Arora and Dunlop 1979; Walker et al. 1960)

	 (1%)
	
	
	(Arora and Dunlop 1979; Walker et al. 1960)

	 (1%)
	
	
	(Arora and Dunlop 1979; Ellis and Holsen 1969)

	 (1%)
	
	
	(Paganelli and Kurata 1977; Schwertz and Brow 1951)

	 (1%)
	
	
	(Massman 1998)

	
	
	
	

	
	
	
	(Swagelok 2020)
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	(Swagelok 2020)



Table S2: Modelling parameters to fit blanks at different pressure. These experiments were run prior a major system upgrade, and the parameters are therefore different from the ones in Table S1. 
	Parameter
	P = 1 bar
	P = 2 bar
	P = 3 bar

	 
	
	
	

	 
	
	
	

	 
	
	
	

	 
	
	
	

	 
	
	
	

	
	
	
	

	 
	
	
	

	 
	
	
	

	Volumes in flow
	
	
	

	Straight union (cm3)
	
	
	

	Tee-junction 2 (cm3)
	
	
	

	Mass spectrometer
	
	
	

	MS (s–1)
	
	
	

	MS
	
	
	

	LMS
	
	
	



Table S3: Parameters for modelling the behaviour of the low volume tee-junction with diffusive side pocket for alternative setup
	Parameter
	1% CO2 in He
	2% H2O in He
	
	Source

	
	
	
	
	

	
	
	
	
	(Swagelok 2020)

	
	
	
	
	

	
	
	
	
	

	
	
	
	-
	

	
	
	
	
	

	
	
	
	
	(Swagelok 2020)
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Figure S1: Experimental blanks (2% H2O in N2) and model fits without adding accumulation of H2O in valves and mass spectrometer. Clearly H2O accumulates more than N2 or CO2 in the experimental setup, as evidenced from the area underneath the experimental curves. 

Case study S1 – Silica gel in water atmosphere, an adsorbent with large uptake
The first case study is of experimental data on silica gel, measured at 30°C in 1% H2O/He atmosphere. Under these conditions, this sample shows significant water uptake, i.e. more than 5 mol kg–1. As shown in Figure S3, the difference between the response of such a sample (with a typical mass of ~8 mg) and that of the blank run is substantial, and as such the response is not affected to a significant extent by extra-column effects. Consequently, carrying out the deconvolution procedure leads to negligible changes in the desorption curve for the sample and thus using the original normalised data would not lead to erroneous interpretation. 

[image: ]
[bookmark: _Ref39235244]Figure S3: ZLC desorption for silica gel in water atmosphere (1% H2O in He) at 30°C. Due to the large adsorption capacity under these conditions, the measured signal is far removed from the blank run without adsorbent. The deconvolution procedure therefore hardly affects the normalised signal. 

Case study S2 – removal of mixing volumes in flow
This case study once more considers templated (Na,TEA)-ZSM-25, measured at low flow rates to determine its CO2 isotherm at various temperatures. As described in ref. (Brandani et al. 2003) and in the main text, under such conditions the gas phase concentration remains in equilibrium with the adsorbed phase concentration and in turn, each point on the ZLC curve would correspond to a point on the isotherm, which can be calculated by simple integration methods. Figure S4a shows the original ZLC curve as well as two deconvoluted curves. In one case only the diffusive elements have been removed from the experimental signal; in the second case also the additional volume in flow has been removed. As Figure S4a shows, the deconvoluted curves overlap at long times, which means both curves would yield identical Henry’s law constants. Or in the case of kinetically controlled measurements, removal of the volume in flow is unnecessary to obtain the correct diffusional time constants. The difference at short time however, has a clear effect on the calculated isotherms, as shown in Figure S4b. The initial curvature in the ZLC curves leads to strong deviation form a normal isotherm shape at the highest pressures (which corresponds to the ZLC data at high concentration or short times), which is especially clear for the case where no deconvolution is applied. Most of this deviation is removed by applying the deconvolution, but in case of only removing the diffusive elements, the isotherm is still underestimated at high pCO2. This shows that when ZLC experiments are run to obtain isotherm information, a complete deconvolution process is desirable. 
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[bookmark: _Ref38979641]Figure S4: Calculated CO2 isotherms (b) for (Na,TEA)-ZSM-25 (b) from ZLC experiment (a). The strong curvature at short times in the ZLC curve leads to significant deviation from normal isotherm shape at highest pressures when not applying deconvolution. Deviation reduced when removing only diffusive elements, but isotherm still underestimates adsorption capacity. Also removing the volume in flow further practically removes the deviation and shows actual capacity. 
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