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Abstract: The novel tubular carbon membranes produced from natural materials are, for the first
time, reported. The novelty of this idea is to use natural rattans as precursors for making carbon
membranes to address the challenges of cellulose polymers. The rattan precursors were carbonized to
present evenly distributed channels inside the tubular carbon membranes. Each channel has an inner
diameter of 2 × 10−4 m with a dense-selective inner layer and a porous outer layer. Future work on
selection of suitable rattans, proper pre-treatment, carbon structure tailoring can be conducted to
open a new research field of carbon membranes/materials.
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1. Introduction
Membrane technology possesses many advantages such as small footprint, low capital and
operating cost, and being environmentally friendly to be an alternative technology for gas separation
compared to the conventional separation technologies (e.g., cryogenic distillation, chemical and
physical absorption). He et al. reviewed the polymeric and inorganic (carbon, ceramic, metallic, zeolites,
etc.) membranes for various gas separation processes [1], and membrane gas separation is expected
to play an important role in the selected environment and energy processes, such as CO2 capture,
natural gas sweetening, biogas upgrading, and hydrogen purification. The polymeric membranes
are dominating the current industrial gas separation, but the trade-off of permeability/selectivity
as well as the chemical and mechanical stabilities limits their applications in the adverse conditions
(e.g., high pressure and/or high temperature processes). Developing alternative carbon membranes
shows a nice potential.
Carbon membranes are ultra-microporous inorganic membranes made from the carbonization of
polymeric precursors such as polyimide, polyacrylonitile (PAN), poly(phthalazinone ether sulfone
ketone), poly(phenylene oxide) and cellulose derivatives [2]. In the last decade, great attention
was placed on the development of supported carbon membranes [3,4] and self-support carbon
membranes [5]. Ceramic-supported carbon membranes was reported for high temperature applications
(e.g., H2 /CO2 separation from syngas and carbon membrane reactors) [6]. However, preparation of a
thin, defect-free carbon-selective layer on the top of support, increase of the compatibility between
support and carbon layer and reduction of the production cost are still challenging [7]. Self-supported
flat-sheet and hollow fiber carbon membranes prepared from polyimide precursors for CO2 /CH4 and
olefin/paraffin separation have been reported in the literature [8,9], but the main challenge of the high
production cost due to the non-commercial polyimide polymers hinders the upscaling. The Membrane
Research (Memfo) team at the Norwegian University of Science and Technology (NTNU) developed
the cellulosic-based hollow fiber carbon membranes with relatively good separation performance for
CO2 /N2 , CO2 /CH4 separation [10–14]. However, there are still challenges related to: (1) hollow fiber
precursors drying; (2) module construction due to the fragile and brittle carbon fibers; and (3) low gas
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3. Results and Discussion
3. Results and Discussion
The Thermogravimetric Analysis (TGA) study on one type of rattan material showed the similar
The Thermogravimetric Analysis (TGA) study on one type of rattan material showed the similar
weight loss compared to the deacetylated cellulose acetate (DCA) precursors reported in our previous
weight loss compared to the deacetylated cellulose acetate (DCA) precursors reported in our previous
work [14] (shown in Figure 2, raw rattan, acetic acid processed rattan (AA (acetic acid pretreated)
work [14] (shown in Figure 2, raw rattan, acetic acid processed rattan (AA (acetic acid pretreated)
rattan), and DCA materials). A relatively low decomposition temperature range (220–320 ◦ C) was
rattan), and DCA materials). A relatively low decomposition temperature range (220–320 °C) was
found due to the present of hemicellulose and lignin in rattan materials compared to the regenerated
cellulose (DCA) precursor (290–350 °C) which contained almost pure cellulose. Pre-hydrolysis of
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