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Mixed matrix membrane, Nowadays, the separation of carbon dioxide (CO,) from other gases such as nitrogen (N) and
Polyimide, methane (CH,) is considered one of the main environmental challenges and has received much
Specific particle morphology, attention. Compared to different gas separation technologies, membrane technology has attracted
Carbon dioxide. much attention due to its many advantages such as modularity and low cost over other

technologies. The correct selection and design of membrane materials is the most important and
effective factor in its final performance. A recent approach is the use of nanoparticles with
different morphologies to prepare high-performance mixed matrix membranes (MMMs). In this
research, a new MMM based on polyimide (PI) and metal-organic frameworks (MOF) with
specific morphology was prepared. MMMs were prepared using solution casting-solvent
evaporation method and their performance in CO,/CH4 and CO»/N, separation was investigated.
The results showed that the presence of particles with ellipsoidal morphology increased the rate
of CO, diffusion and as a result increased membrane performance. The membrane containing 8
wt.% of filler showed the best performance in CO, permeability and CO,/CH4 and CO,/N,
selectivities at 2 bar and 25°C, which were about 1079.12 barrer, 56.96 and 53.88, respectively.
The performance of synthesized membranes in CO,/CH, separation exceeds Robeson's upper limit
and is placed on it for CO,/N,, which can be recognized as a suitable option for industrial CO, gas
separation.

Extended Abstract

1. Introduction

many advantages, including easy processability and suitable mechanical resistance [ 1]. However, the trade-

off relationship between permeability and selectivity is known as the main challenge of such membranes
[2]. Preparation of mixed matrix membranes (MMMs) is one of the effective methods to solve this challenge [3.
4]. The type of filler and its structure have a significant effect on the final membrane performance. Therefore, the
proper selection and design of filler materials as a dispersed phase is very important [5. 6]. In this work, fluorinated
metal-organic framework (MOF) particle was synthesized in a hollow form with an elliptical morphology. This
structure simultaneously has the advantages of organic-mineral materials, hollow and porous structures. These
particles were used as the dispersed phase in the synthetic polyimide network to prepare MMM. The performance
of synthesized membranes exceeds Robeson's upper bound, which can be recognized as a suitable option for
industrial CO; gas separation.

P olymeric membranes have received much attention in gas separation membrane technologies, due to their
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1. Materials and methods

2,3,5,6-tetramethyl-1,4-phenylene diamine and 4,4'-(Hexafluoroisopropylidene)diphtalic anhydride were
purchased from Sigma-Aldrich and used for polyimide synthesis. Purified diamine and dianhydride were dissolved
in DMAc solvent. The solution stirred to produce polyamic acid and then, TEA and acetic anhydride added to
imidize poly-amic acid and produce polyimide.

To produce nanostructure, the copper hexafluorosilicate and then pyrazine were dissolved in water solution.
After 24 h the elliptical powder was filtered and washed.

The solution casting-solvent evaporation method was used to prepare membranes. The synthesized polyimide
was added to a homogenous nanostructure-chloroform suspension. The final solution was cast and dried and the
dried films were considered in gas separation experiments.

2. Result and discussion

The results showed that the presence of particles with elliptical morphology increased the rate of CO, diffusion
and consequently increased membrane performance. The membrane containing 8 wt.% filler showed the best
performance in CO» permeability and CO,/CHs and CO,/N; selectivities at 2 bar and 25°C, which were about
1079.12 barrer, 56.96 and 53.88, respectively. The performance of the synthesized membranes in CO,/CH4
separation exceeds Robeson's upper limit and is placed on it for CO2/N,, which can be considered as a suitable
candidate for industrial CO, gas separation.
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Figure 4. The effect of particle loading on permeability and selectivity (a), effect of feed pressure on permeability and selectivity of

optimized MMM s (containing 7 and 8 wt.% loading) (b), Robeson upper bound for CO,/CH, (c) and CO,/N; (d) separation of the

synthesized MMMs at 10 bar, and comparison with MMMs based on same polyimide and different fillers; Fe>’CTF 7], Q-ZrFum
18], [Cu(6L)]*@13X 9], APDEMS13X [10].

3. Conclusion

In this research, a new type of nanostructures with elliptical morphology was prepared and used as a dispersed
phase in synthetic polyimide. Prepared MMMs showed high performance in CO»/N, and CO,/CH4 separation. In
addition, FESEM images showed that the synthesized particles were distributed uniformly in the polymer matrix
without aggregation, which is caused by strong surface interactions between the filler and polymer chains. TEM
and FESEM results of the synthesized particles confirmed the formation of an elliptical morphology with nano-
sized thickness. By adding nanostructure to the polymer network, the interchain spacing increased, indicating a
decrease in chain density and consequently a decrease in crystallinity (XRD results). With higher crystallinity, the
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strength and stiffness of the polymer increased, but brittleness also increased (mechanical analysis). The slight
decrease in decomposition temperature was related to the reduction of interchain density through the addition of
filler, which increases the mobility of the chains and their decomposition at lower thermal energy (thermal
analysis).
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