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Fig. 1 Physical model: (a) Pure CNT; (b) Fe-doped CNT,;
(c) CNT adsorbing Al atom
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AAE AN KA B 25 55 1) C JR 18 LA AL /T 5 (1 B
B, LUK AL R T 545 Fe BRANKEF 1 1) Fe JR 145 JLAT
ALHT G IR RS . 3R 2 Br8h Al JiF 5 ARIERIS Fe
WK TN e . S ARTERRAIK S 1.25 eV W
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Table 1 Distance between adsorbed Al atom and nearest C

atom of pristine CNT and Fe atom of Fe-doped CNT

o Minimum Al-Fe
Condition . i
Al-C distance/nm  distance/nm
Before‘ ge?om.etrlcal 0.188 0.237
optimization
After geometrical 0.231 0.226

optimization

F 2 AIUEFE Fe BrAAE X AL BT IR B BE
Table 2 Adsorption energies of Al atom on pristine and

Fe-doped CNTs

Material Adsorption energy/eV
Al/CNT 1.25
Al/Fe-doped CNT 2.31
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Fig. 2 Diagram of energy band structure and density of states: (a) Pristine CNT before adsorbing an Al atom; (b) Pristine CNT after
adsorbing Al atom; (c) Fe-doped CNT before adsorbing Al atom; (d) Fe-doped CNT after adsorbing Al atom

3 LM AL THOAGES, SRR R 5 50 b7 F4 UL AL TS Fe(S,5)MBRAK A HOM T

Table 3 Population analysis of pristine (5,5) CNT adsorbing Table 4  Population analysis of Fe-doped (5,5) CNT

Al atom adsorbing Al atom

Bond Population Bond length/nm Bond Population Bond length/nm

c—C(1) 1.09 0.141 Al—Fe 0.51 0.226
C—C(Q2) 1.08 0.142 Fe—C(1) 0.29 0.177
C—C(@3) 1.08 0.142 Fe—C(2) 0.29 0.177
Al—C(a) 0.09 0.231 Fe—C(3) 0.30 0.182
Al—C(b) 0.07 0.235 Al—C(a) —0.02 0.232
Al—C(c) 0.07 0.235 Al—=C(b) —0.02 0.232

Note: C(1), C(2), C(3) are nearest three C atoms from selected Al—C(c) 0.02 0.234

C atom; C(a), C(b), C(c) are nearest three C atoms from Al Note: C(1), C(2), C(3) are nearest three C atoms from Fe atom;

atom. C(a), C(b), C(c) are nearest three C atoms from Al atom.
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Table 5 Charge transfer in systems of pristine and Fe-doped
(5,5) CNTs adsorbing Al atom

Charge Charge Charge
. transfer of transfer of  transfer of
Material . . .
Al atom with  Fe atom with  CNT with
all C atoms/e Al atom/e Al atom/e
Pristine CNT 1.41 - 1.41
Fe-doped CNT 0.90 1.52 242

N TR )G Fe 5 AL R 2 A AH
YEM, BT Fe 5 Al Ji7 2 A1) i Aig 5 0 Mo 181 3

Pl i P, P R e BT A R s L
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Fe BAUKE B A, X5 R i 85 43
Mg g 1—5. Mk, # Fe GAIT Al 5kgk
2 N AT RS

(@)
e/A3
~5.000x 107!
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~1.250X 107!
-0

(b)
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~1.250X 107!

B3 s K
Fig. 3 Charge density contour: (a) Axial figure; (b) Transverse

figure
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First principles study of adsorption of
Al atoms on Fe doped carbon nanotubes

DAI Li-feng', LIU Tao”, GONG Liang', CHANG Chun-rui’, AN Li-bao'

(1. College of Mechanical Engineering, North China University of Science and Technology, Tangshan 063009, China;
2. College of Sciences, North China University of Science and Technology, Tangshan 063009, China)

Abstract: The first principles theory was applied to investigate the adsorption behavior of Al on pristine and Fe-doped
(5,5) CNTs. The computation results of adsorption energy, energy band structure, and charge distribution of the pristine
and Fe-doped (5,5) CNTs reveal that doping Fe atoms increases adsorption energy of Al atoms on (5,5) CNTs and
enhances the charge transfer between Al atoms and CNTs. The improvement is mainly due to the formation of covalent
bonds between Fe and Al atoms, leading to a chemical adsorption between Al and CNTs instead of a physical one. Fe
doping could be beneficial to improving electrical contact behavior of CNT-reinforced Al matrix composites.

Key words: carbon nanotube; first principles; Fe doping; Al adsorption
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