• Porosity accessible at 303K to H 2 O and comparable to CAU-10-H powder (-30%). Xe adsorption isotherms on Ag@ZSM-5 [1] [1]C. Daniel Heat of adsorption of Xe on Ag@ZSM-5 [2] Surface of Ag nanoparticles Physical interaction (polarisability) Evaluation methods for adsorbents : prediction of capacities and selectivities [1] Gas separation(5) Tests @Iso volume of adsorbent, not at iso-weight

Adsorbent

Adsorbent

Ammonia adsorption amount [1] (mg/cm Benchmark @1200 ppm NH 3 , 40% RH Ammonia air purification filters: mechanism ? [1] 30 

Process : Operation point

In protocol 1.5m 3 of air is sampled over 90 days True value may drop to 0.7m 3 if air is wet !

days

Improve process (3) 

"•

  Fixed" equilibrium criteria Measurements are not performed at the equilibrium Under-estimation of the surface "Adjustable" equilibrium criteria (300s-0.3%P) Measurements of porosity of composites -H 2 O isotherms vs N 2 isotherms  Screening of adsorbents at ppm level -Very low pressure isotherms  Selection of adsorbents for a process -Henry vs IAST vs breakthrough  Evaluation of Heat of adsorption at low pressure  Coadsorption with water  Case of CO 2 capture  Case of NH 3 CAU-10-H: Al-based MOF • Powder too fine to be densified • Compression results in highly friable pellets: need to use a binder • CAU-10-H + a silicone-based binder (70/30wt%), • Leads to an homogeneous and tough coating (1mm) • Easy to grind and shape again by pelletization, Measurement of porosity : N 2 @77K Shaped MOF : the CAU-10-H case PROduction, control and Demonstration of structured hybrid nanoporous materials for Industrial adsorption Applications (ProDIA) MOF shaping CAU-10-H BUT ...  Porosity not accessible at 77K (SSA = 1m².g -1 ) ???

-

  Context: Comprehensive nuclear Test ban Treaty (CTBT) -SPALAX (CEA) : on site Radio Xenon survey around nuclear sites by Continuous separation and monitoring of radio Xenon SPALAX: Super-concentrator of Xe: enrichment of 3.5 million times from Xe sampled Analysis of 4 radioactive isotopes of xénon ( 131m Xe, 133 Xe, 133m Xe, 135 Xe), Screening of zeolites Static instrument enables large screening with accuracy @ ppm level at different temperatures  Identification of Ag-ZSM5 zeolite [1] calcinated -Best adsorbent for rare gas -Reduction of bed size from on order of magnitude [1] C. Daniel et al., J. Phys. Chem. C 117, 15122-15129, 2013 Screening of new adsorbents for Xe capture at ppm level Capture (3) 18 Adsorption of Xe on Ag@ZSM5: dual-site mechanism P (Kpa) P (kPa)

Gas

  adsorption Strong sites of adsorption @ low concentration (1ppm-100ppm) Selection of adsorbent for a process Adsorbent choice: pressure -does not take into account coadsorption Ideal Adsorbed Solution Theory (IAST) -predict mixed-gas adsorption isotherms from a set of pure-component adsorption isotherms -takes partially into account coadsorption 19 Separation of Xe and Kr in N 2 for gas separation in nuclear fuel reprocessing plant -Mixture : 400ppm Xe / 40ppm Kr in N 2 -Adsorbents : Active carbon (Ac) and Silver-exchanged zeolite Dynamic flow apparatus Breakthrough results under 400ppm Xe / selectivity: S AB =H A /H B

FCC: hierarchical zeolite with bimodal pore size

  

  risk chemicals used in manufacturing facilities -possible spreading in conflict (tank attacks) Gas masks equipped with type K filter cartridges Needs for new adsorbents Shaping ?

  kg -1 .bar-1 

- 2016 : 3 1.CO 1 P

 201631 Current regulation makes CO 2 quantification mandatory for Company XX -Issue : Reproducibility of measurements over 90 days sampling Sampling Precipitation BaCO 5m 3 of air is sampled through zeolite Quantification of CO 2 is averaged over 90 days 31 010.020.030.040.050.060.070.080.09 0.

  

  

  

  

  

  

  

  

  

  

  CO 2 quantification in extraction vent : true conditions measurementsThe CO 2 storage capacity of the zeolite drastically drops if the zeolite is wet

			Improve process(2)
		BREAKTHROUGH	
		10g dry zeolite 13X / 400ppm CO 2	ADSORPTION ISOTHERM @25°C
		Scale 1/30	
			400ppm CO 2
	CO 2 (ppm)	Integrated amount CO 2 trapped on 13X	-1 /mol.g CO 2
			N
		Time (mn)	
			32

Under flow coadsorption is possible (contaminant, H 2 O…)