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The aim of this work, is firstly to synthesize the 3D Hofmann clathrate and then characterize it
to identify its porous as well as physical properties. Once completely characterized, the CO2 and
CH4 sorption capacities are measured and analyzed using well developed manometric and
gravimetric techniques (at high pressure and several temperatures) and finally to study
CO2/CH4 selectivity of this MOF.
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Objective

IAST MODELLING FOR C02/CH4 SEPARATION

CO2 experimental adsorption isotherms 

1) The success of [FeNi(CN)4Pyrazine] synthesis is confirmed by the results of the
characterization.

2) The gas porosimetry results confirm the microporosity of the adsorbent while the
irregular mesoporosity is merely due to the inter-grains (seen by the SEM
images).

3) The complete removal of water molecules (at a temperature of 120°C, confirmed by
TGA analysis) from the cavities of sample is necessary for the guest adsorption.

4) A home-made manometric setup is built to analyze different gas adsorptions at
high pressure and at several temperatures while simultaneously visualizing the
sample by means of a camera placed near the sapphire window.

5) A pronounced jump is observed for the first time for CO2 capture at high pressure.
It can be attributed to changes in the framework structure while not being a
classical spin-state change. The pressure of this structure change depends on
temperature.

6) IAST modeling shows an impressive selectivity of CO2 thanks to this change of
structure.

Sips model is a classic model used in the modeling of gas separation by adsorption processes.

Modeling of CO2 is being divided into two parts : one before the observed jump, secondly after the observed jump (including

desorption curve). The selectivity of CO2 upon CH4 at low pressure (before the step) is approx. 7, while at high pressure (after

the step), the selectivity increased a great deal to approx. >30.

q It is related to the sample as no jump observed when 
the sample is submitted to a long evacuation under 
primary vacuum.

q No “jump” observed whatever the 
evacuation of the sample.

q Unlike CO2, adsorption is reversible.

To address the increasing energy consumption and serious environmental problems, it is
critical to develop efficient and clean energy conversion and storage devices. In this context,
among various categories of materials, a 3D structured Spin Crossover (SCO) MOF,
[FeNi(CN)4Pyrazine] [2], in the family of materials known as Hofmann clathrates, has been
synthesized, characterized and its CO2 and CH4 sorption capacities are measured and
analyzed at several temperatures and pressures.
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CONCLUSIONS

CH4 experimental adsorption isotherms
q High pressure CO2 isotherms are measured for the first 

time for this material and a sudden “jump” is observed at 
pressures higher than 20 bar (temperature dependent).

Low spin
Mean = 189.35

STD = 17.38

High spin
Mean = 192.34

STD = 18.57

q The “jump” does not correspond to a LS -> HS change 
as evidenced by no color change in the sample 
(example of LS -> HS change shown below).

Color Histogram

Comparison and modeling of CO2
and CH4 isotherms at 30°C

Selectivity of CO2/CH4 at  1 bar and 30°C
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CH4 at  30°C CO2 at  30°C (Bef ore Jump) CO2 at  30°C (Af ter Jump)
qm (mmol/ g) 1.61 2.13 3.00

b (bar)- 1 0.33 0.84 0.98
n 1.12 1.17 0.93

Sips Modeling Parameters

Selectivity of CO2/CH4 at  30°C (before jump) Selectivity of CO2/CH4 at  30°C (after jump)

Hydrated sample Dehydrated sample
160 328

Comparison of hydrated and dehydrated sample
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