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Fig. 1 Simulation system ( the arrangement of CNTs viewed from above the plane of the membrane. One end of the

CNT was functionalized in the simulation box) , the red balls represent Li* and the green balls represent C1~
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Scheme 1  The functional groups were evenly grafted to one tip of CNTs

The ring structure represents a tip unit of CNT, \WW\ represents the neighboring ring structure in the same CNT
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Fig.2 The PMF profiles for Li*, Mg’* in unfunctionalized and functionalized (10,10) carbon nanotubes ( Z

represents the axis of CNT, the point O is the CNT s’ center)
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Table 1 Ion conductance of different functionalized carbon nanotubes

Conductance per tube per ns

Functional group Li* Mg?*
Functional Unfunctional Percentage/ % Functional Unfunctional
2C00~ 0.30 0.48 62.5 0.0 0.27
4C00~ 0.29 0.47 61.4 0.0 0.19
8CO0 "~ 0.00 0.38 0.00 0.0 0.07
2NH; 0.11 0.66 16.7 0.0 0.07
4NH; 0.00 0.67 0.00 0.0 0.07
1CO0 ™~ ,INH; 0.33 0.50 66.0 0.0 0.33
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Fig.3 Flow chart of ions influenced by functional groups
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Fig. 4  Axial density profile of Li* and Mg’* in
functionalized carbon nanotubes ( Z represents the axis

of CNT, the position 0 is the CNTs’ center)
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Fig.5 Radial density profile in functionalized carbon
nanotubes (r represents inner diameter of CNT, position

0 is the CNTs’ center)
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Molecular Dynamics Simulation of Tip Functionalized
Carbon Nanotube Membrane for Li*/Mg’** Separation

YANG Dengfeng”’, LIU Qingzhi’, LI Hongman”, GAO Congjie"*
(“College of Chemistry and Chemical Engineering ,Ocean University of China ,Qingdao 266100, China;
"Chemistry and Pharmacy Science College ,Qingdao Agricultural University , Qingdao 266109 , China)

Abstract  Using molecular dynamics simulations, we studied the transport of Li* and Mg’* through
membrane formed from armchair type (10,10) carbon nanotubes whose top rims were modified with a range of
different charged functional groups including COO~ and NH," under 80 MPa hydrostatic pressure, and
investigated the potential of mean force, conductance and density distributions of ions in the carbon nanotubes.
The results show that appropriately modified (10,10) carbon nanotubes can effectively extract Li*. The
bound and rejection effects produced by electrostatic interaction between charged groups and ions reduce the
conductance of ions in the tubes. Mg’* can permeate the functionalized carbon nanotubes and Li* are also
completely blocked with the addition of 8COO~ and 4NH, . The maximum conductance of Li* are found in
carbon nanotubes modified with ICOO~ and 1NH;" functional groups which can most effectively separate Li*
and Mg’ ". Therefore, through addition of specific charged modified groups, the separation performance of
large diameter carbon nanotube to Li * and Mg’* can be effectively improved. Charge properties and the
quantity of modification groups greatly affect the separation effects.

Keywords lithium ion,magnesium ion,carbon nanotube , molecular dynamics simulation
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