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Abstract. Membrane technology has attracted great attention by the researhcers especially in gas
separation process due to their simple process design and low capital cost as compared to the
conventional techniques. Interestingly, in this work, oil palm frond (OPF) waste was used as
nanoadsorbent embodied in polyether block amide (Pebax 1657) nanocomposite membrane to
improve the CO,/CH, separation. The effectiveness of the nanoadsorbent derived from OPF was
evaluated by varying the nanoadsorbent concentration (2-8 wt%) and controlling the Pebax 1657
concentration (5 wt%), dipping time (5 s) number of sequential coatings (3 layers). The pore
characteristics of the nanoadsorbent was analysed using Brunauer—-Emmett—Teller (BET) analysis.
The morphology and the existence of active groups in the newly synthesized nanoadsorbent and
nanocomposite membranes were investigated by field emission scanning electron microscopy
(FESEM) and fourier transform infrared spectroscopy (FTIR), respectively. The single gas
permeation process was carried out at constant pressure (2 bar) and at room temperature (25+ 5 °C).
The optimum condition with 5 wt% nanoadsorbent made the nanocomposite membrane exceed the
trade—off limit of Robeson plot with a CO, permeability and CO,/CHj, selectivity of 1475.09 Barrer
and 40.48, respectively.

Introduction

The increasing of carbon dioxide (CO;) concentration in the earth’s atmosphere remains as one of
the major challenges by the humankind. According to the statistics, power plant contributes
approximately 30% from the total CO, emmisions due to large burning of fossil fuel. This acid gas
has destructive effect on humans and environment due to its acidic and corrosive properties.
Therefore, there is an urgent need to reduce the CO, level to bring the CO, concentration to an
acceptable level. For the last decades, membrane separation technology is gaining large acceptance
by the industry for CO, separation due to their energy efficiency, simple process design and relatively
economic. On top of that, numerous studies have been performed on finding the most ideal
membrane.

Recently, mixed matrix membrane (MMM) formed by dispersing fillers into polymer matrix has
attracted great attention by the researhcers due to its outstanding separation efficiency. The
incorporation of fillers such as zeolite and graphene oxide can alter the polymer matrix chain
structure and chemical properties, as well as enhance the membrane selectivity towards targeted gas
species. However, the current available fillers have significant drawbacks mainly related to the high
cost, which are substantial barriers to the large-scale commercial deployment required for gas
separation. Since then, researchers have evaluated MMM incorporated with fillers derived from
agricultural wastes such as rice straw [1] and rice husk [2] due to their abundance and inexpensive.
The results showed significant improvements of the MMM as compared to pure polymeric membrane
which indicate that agricultural wastes are capable to replace the conventional fillers due to their
reasonable performances. Despite their excellent performance, they still operate below the Robeson
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