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Scheme 1. Synthetic route for PAN-NA.

In conclusion, a new polyaminal-based porous polymeric network from melamine
and naphthaldehyde was fabricated by a one-pot polycondensation. The PAN-NA
showed good thermal stability up to 320 °C. It was found that the PAN-NA
polymer possesses a large surface area of 604 m2/g and pore sizes of 0.54 and 1.27
nm, which revealed that this polymer belongs to ultra-microporous materials. The
CO2 capacity of the adsorbent was determined at 273 K and 1 bar. PAN-NA had a
CO2 uptake value of 133.32 mg/g.

1.Synthesis and Characterization

 

Figure 2. SEM images of PAN-NA.

Sources of energy (coal, oil, and natural gas) have had a substantial impact on
human society’s progress. On a worldwide scale, fossil fuels are regarded as the
primary energy source; nevertheless, anthropogenic emissions of carbon dioxide
from these sources raise CO2 levels far above the natural carbon cycle, causing
various environmental problems and, in particular, the greenhouse effect

Many methods have been attempted to solve these two issues. For example,
adsorption, absorption, membrane treatment, and cryogenic distillation have been
used for CO2 capture.

Porous organic polymers (POPs), with their flexibility of a synthesis approach,
inherent porosity, low density, large specific surface areas, and high thermal and
hydrolytic stability, have attracted much attention due to their different
applications in gas uptake and separation, sensing, electronics, heterogeneous
catalysis, environmental therapy, among others. Polyaminal networks (PANs) are a
category of POPs that are of special interest in terms of their high N-content, rich
microporous frameworks, and easy fabrication by a catalyst-free one-pot
polycondensation reaction of aldehyde derivatives with amines. Generally, the
interaction between the amine and aldehyde group yields an imine linkage (–
C=N–). However, when the amine group is bonded with a strong electron
releasing group, the enhanced basicity enables it to interact with the developed
imine bond, resulting in the formation of a stable aminal linkage (–NH–C–NH–).
The synthesis of PANs has been realized through many efforts and synthetic
strategies. In order to synthesize PANs with stable porous structures, rigid
aromatic moieties have been used to prevent network shrinkage.

Figure 1.(a) FT-IR spectra of the naphthalene-based polyaminal network (b) Solid-state

13C NMR spectra for PAN-NA: (*) peaks arising from spinning sidebands

.

Figure 2.  (a) N2 adsorption–desorption isotherms of PAN-NA. (b) Porosity distribution by
original density functional theoryز

2.CO2 Adsorption

Figure 4. Adsorption isotherm of CO2 for PAN-NA at 273 K.

The pore-size distribution (PSD) of the polyaminal was evaluated by non-local
density functional theory (NLDFT) (Figure 2b). Notably, the pore’s diameter is
primarily centered in the ultra-micropore region at 0.54 nm. Several micropores at
1.27 nm also existed, showing that the produced PAN-NAs are ultra-microporous
materials. PAN-NA has a BET surface area of 607.46 m²/g and a t-plot micropore
area (Smicro) of 378.9 m²/g. The micropore contribution ratio to the overall specific
surface area ratio (Smicro/SBET) is 0.62, suggesting that PAN-NA belongs to
microporous polymers. The micropore volume and total pore volume of PAN-NA
are 0.153 cm³/g and 1.07 cm³/g, respectively.

The adsorption isotherm of CO2 is presented in Figure 4. Interestingly, CO2

uptakes increased consistently with increasing pressure and stayed below
saturation throughout the experimental range of pressure, implying that a much
higher adsorption capacity may be reached at higher CO2 supply pressures. At 273
K and 1 bar, PAN-NA shows a higher CO2 uptake of 67.9 cm3/g (133.32 mg/g).

Ibrahim M, Tashkandi N., Hadjichristidis N., Alkayal N.S., Synthesis of Naphthalene-Based  Polyaminal-Linked Porous

Polymers  for Highly Effective Uptake of CO2 and Heavy Metals, Polymer, 2022, 14(6), 1136

https://sciprofiles.com/profile/author/ZEQrMVoxdDVFQUU5MTFBaTVReGlDTGZlUnI2WlN6WFNPMVJ5cm9sSGhKMD0=

