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Abstract: Using SBA-15 of SiO, template as precursor, a bundle-shaped ordered mesoporous nanoarchitecture
Si/C composite (OMP-Si/C) was successfully assembled 2D-directionally by a magnesiothermic reduction reaction
(MRR) route and the ensuing carbon-coating modification processing, and the MRR process of the SBA-15 was
investigated in depth, the electrochemical performance of as-prepared OMP-Si/C composites was tested. Analysis
based on XRD data reveals the presence of areaction path of Mg,Si intermediate phase in MRR process, on which a
T-t (reaction temperature-reaction time) phase transition diagram is proposed. DSC/TG analysis shows that Mg
particles may melt below its melting point (648°C) upon reaction, and in liquid-solid reaction pattern react with
SiO, via melting—reaction teamwork. Observed from FE-SEM, SBA-15 column units are validated to assemble into
a lotus-root-chain-bundle shaped nanoarchitecture of ordered mesoporous silicon, which can effectively offset the
drastic volume change of Si material inherent in the charge/discharge process, and exhibit excellent cycling stability
and rate capability. Based on the micro-fluid field assembling mechanism, the two-dimensional directional assem-
bly process can be reasonably interpreted.
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Fig. 1 XRD patterns of the samples prepared by magnesiothermic reduction routes
(a) Reaction at 400, 500, 600 and 660°Cfor 5 h, OMP-Si and OMP-Si/C; (b) Reaction at 560°Cfor 5, 10, 15 and 20 h

KA OMP-Si. OMP-SI/C i) XRD i, i & 1(b)
2 560°Cf£# 5. 10, 15. 20 h R #)H) XRD
Bl . [ 1(a)F 400°C =AU &2 E] Mg 1775 I,
Wi BA [ Ik oA & A 500°C FE4) R HE B MgO At M@, S
(AT U 24 e B FE T 1) 600°C B, 2 B = 4)
HORIU A MgO F Mg,Si, H. SifiTfig i BiL; 660°C 7~
Vit Si F1 MgO AT ST ISR I N, T MgpSi AH U
SEAVH R BDORIR IS () — e, Bl R B, A
Si ¥ Mg—>Mg,Si—>Mg,Si+Si—Si i FA81k, B
BRI R SR MoSE TR, B I B2 T R A
BTSN S B L(b) i st AH S B AR
B, BB, & ST % Mg—>MgSi—
M@,Si+Si—Si FARE . 38 JREE S 4T BR Ve K% A0 itk
A5 XRD K anE 1(a) s, OMP-Si Al
OMP-SI/C J7F 20=28.6°4b W22 E| Si [ E %, KH
Bl MgO. M@,Si 447, iIHZ HCI AbBE 5 2% 5 b
2Bk, MRNAREA BB fS, 5 AT S TC A
BARME, HAE 20=23°4b B BT 2 TR IE A

M M@oSi A AIARAETE SO AR, 25 G A DG #
J1%50 T, 25 ANl 2 B IRONE i FE - (] A & (Tt
FHE) . T-t PR A=A (1), AL L
() Si AR (1) 53 BB L RPN IX RSB
X. M@Si HEHMIX. MgSi+S G X, LK Si
FADX o P v 95 2 R A 2 B 28 BA E 8 AR I s 3 B
ER ORI, SIS Mg—>MgSi>Mg,Si+
Si—>Si T . P FRIE SN IR R AH AR
(L P B i AR ), R Tl i P A T ek 58 il L
AR IR =, R A2 R FEARFERT K, B &

T/C

660 |
600 | /
500
400 f-

K2 SBA-15 B AL Ji S AR AR itk FE I [a] 13 (Tt &)
Fig. 2 Temperature-time graph reaction transformation of
SBA-15 via magnesi othermic reduction routes (T—t graph)
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Fig. 3 FESEM images of porous Si synthesized under different conditions
(a b) SBA-15; (c, d) Without acid etching, 400°C, 20 h; (e, f) Without acid etching, 500°C, 20 h; (g, h) Without acid etching, 600°C, 5 h; (i, j) With-
out acid etching, 660°C, 5 h; (k, 1) Hydrochloric acid treatment OMP-Si, 660°C, 5 h
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Fig. 5 Schematic illustration of the mechanism of SBA-15 magnesiothermic reduction
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