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The SEM image of CNT/CNF hybrid membrane (a) surface and (b) cross-section view; (¢) FT-IR spectrum

of different samples; (d) Zeta Potential of the CNT/CNF hybrid membrane in KCI solution with different pH values
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Fig.2 (a) I-V curves of different membranes in 0.1mol/L KC1 solutions; (b) Ion selectivity of different membranes;
(¢) I-V curves of CNT/CNF hybrid membrane in KCl solutions with different concentrations; (d) The ion
conductance of CNT/CNF hybrid membrane in KCI solutions with different concentrations; (e) The ion
conductance of CNT/CNF hybrid membrane in 0.1 mol/L KCl solutions with different pH values;

(f) The ion conductance of CNT/CNF hybrid membrane in different solutions
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Fig.3 (a) Schematic illustration of energy conversion of the CNT/CNF hybrid membrane under a concentration gradient; (b) The

I-V curves of CNT/CNF hybrid membrane under a salinity gradient of 50-fold KCl solution; (¢) The current desity and power

density of the CNT/CNF hybrid membrane, when a electronic load was furnished in the external circuit; (d) The maximum

power output values after the CNT/CNF hybrid membrane was immersed in 0.1 mol/L KCl soulution with different times
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Fig. 4 Maximum power output values of the CNT/CNF hybrid membrane at different pH values (a) and at different
temperatures (b); (c) Output power density of the CNT/CNF hybrid membrane in different electrolyte species
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Fig. 5

(a) The seawater and river water was attained from Yellow Sea and Yihe River, respectively, to verify the

practical application of the CNT/CNF hybrid membrane; (b) The current desity and power density of the CNT/CNF

hybrid membrane using the solution from Yellow Sea and Yihe River, when a electronic load was furnished in the

external circuit; (c) Without refilling the electrolyte solution, the output current density in the external circuit only

shows 3.0% dampingn within about 1 h, implying that the CNT/CNF hybrid membrane is capable of stabilizing the
local concentration gradient and facilitating the steady power generation process
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Nanotubes/Nanofibers Hybrid Membrane for Salinity Gradient Energy Conversion

LIU Cong, YANG Zeyu, QIN Qing, FU Mingzhe, DENG Yiyi, LI Ruirui’,
WANG Shuguang’, LI Fagiang’
(School of Materials Science and Engineering, Linyi University, Linyi, 276000, China)

Abstract: The salt gradient energy contained in fluids is a promising “blue energy” due to its abundant re-
serves and easy accessibility. Currently, the capture of salt gradient energy mainly relies on membrane-based
reverse electrodialysis. High-performance salt gradient energy conversion requires ion exchange membranes
with excellent ion selectivity and rapid mass transport. In this work, highly porous ion-selective membranes
were designed to achieve high-performance salinity gradient energy conversion. A certain amount of nanofibers
rich in -OH groups was incorporated into the carbon nanotube membrane, forming a three-dimensional (3D)
charged space through hydrogen bonding, which increases pore density and improves the ion selectivity
and mass transport of the membrane. When natural seawater and river water were mixed, a power density
of 6.2 W/m* was achieved. This work provides a novel design strategy for the construction of salinity gradi-
ent energy conversion devices and promotes the practical application of new energy conversion systems.

Key words: Carbon nanotubes; Celluose; Salinity gradient energy conversion; lon-Selective membrane;
Pore density





