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Abstract: In recent years, with the increasing requirements for the preparation of high-purity, advanced and complex
inorganic nanomaterials, the microwave-assisted synthesis method has gradually shown tremendous development prospects.
Nanomaterials prepared by microwave-assisted synthesis have been widely used in many fields due to their high purity,
narrower particle size distribution and more uniform morphology. In this paper, the mechanism, progress and application
status of advanced nanomaterials prepared by microwave method are summarized. The new progress of transition metal oxides
nanostructures prepared in aqueous solution, polyols and ionic solution system are mainly discussed. The examples of
microwave-assisted synthesis of a-Fe,0, and TiO, advanced nanostructures and their applications in lithium-ion batteries or
photocatalysis will be introduced. Finally, the development trend and challenges of microwave synthesis method are prospected.
Key words : microwave-assisted synthesis; transition metal oxides; inorganic nanomaterials; ionic solution; advanced
functional materials
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Fig. 1 Temperature profile after 1 minute as affected by microwave irradiation (left) as compared to treatment in oil bath (right) )
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IR, KR — b B R A IR W RE T AR R 541
W2 I8 T TR0 i B A Kb e o  E K
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K TiO, R4 B TEAERE . A Ak S5 R0 i) A R S
PRI A 52 VT
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B AR | OGS T AR T2 N,

B2 SRS S B LA B a-Fe, 05 89 SEM B8 H: (a) 1.6 mmol FeCly, (b) 1.6 mmol FeCl, 1 0. 008 mmol NH,H,PO,, (¢) 1.6 mmol

HATE 24038 T REAME TAE ™, Hu % 17
i il AR TR K BT T B B T B AT LAY a-Fe, O, 40K A4
b, SEEETORS 4 AT A ) BGA SRR IR G AR B (A 2
Fi7R), Bt FeCl, 5 NH,H, PO, BIIR & /KB BE T & 5 K
Mg FAWRRRE, JEEARERE, S TRE
HSEIP RS ER . RGCHUBE G T OV IR . R vk
EHNERT a-Fe, O JESRIE M, 458, RNV G
JEE IR LR a-Fe, O 7 W e 2 RS FOE 3 5 THI R 4 &
KHEBVE , SIB K IATE 1 B 2 b 78 FAR 25 5 3 1t
PET TR /N S B S AR (AN B L R IED) A A
H, TR AR S ROR e i T R i, AR X — T ik
ARG AT T4 SR TR B . Katsuki 28 ™ R AN ] M J3
) Fe(NO, ), « 9H,0 FEAN[RIRE T & T B4 B a-Fe, O,
YRIRL, DHFERIL, A BT E AR & T RO R,
I B RiAR 3 RE AR, 0.02 M 1Y Fe(NO;), + 9H,0
VSTRAE 100 C F&eat 4 h SOk #5348 T HAR N
23~25 nm [ a-Fe, O, QKA. 1T a-Fe, 0,5 L 3%
W RRER KA SE B, Li 50 TF R s e R 55 i
R 25 Aok, BRI ZBERN R T 150 °C T fl it 4l
gL A % H,0, FE5T0K FeCl RN AE R T — R 5114
BIARLE 15~40 nm 1 a-Fe,0,, XT TAE#E S 6 H,0 /Y
JEL 7 A AR R B H,0 MMk EEAS LLSE I, A
B 2 K 25 ELAT AR e 1) Fl Ak A AL R

FeCl, 1 0. 016 mmol NH, H, PO,, (d) 1.6 mmol FeCl; #1 0.02 mmol NH, H, PO,, (e) 1.6 mmol FeCl; #1 0.03 mmol NH, H, PO,

(f) 1.6 mmol FeCl; 1 0. 04 mmol NH,H, PO, ¢}

Fig.2 SEM images of a-Fe, 05 synthesized with different reactant ratios: (a) 1.6 mmol FeCl;, (b) 1.6 mmol FeCl; and 0. 008 mmol NH,H, PO,
(¢) 1.6 mmol FeCl; and 0. 016 mmol NH,H,PO,, (d) 1.6 mmol FeCl; and 0. 02 mmol NH,H,PO,, (e) 1.6 mmol FeCl; and 0. 03 mmol

NH,H,PO,, (f) 1.6 mmol FeCl; and 0. 04 mmol NH,H, PO, "]
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Zhang % F G ARER (TID) A 8L T & 2064 8 Tio, #
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IR EGE FAR R GG, % PR A S NO AR B A
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SEJTR L BRIERIERAR A RS TiO, AR 45K, JT7E
EHMEIRGT RS T R R ST T K S5 i
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(45 A= EpALY M R NN R 23 PN N o I S P S BB SAVADS K 2N
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AL, i B R NO, 3 DU RE o 7 ol i 1R 35 1

SRR, BRIBAR TiO, AL RE J) & 1 ik — AR
=N
3.2 ZREKR

ZICRE(PIINZ B, 1, 4T ZEERH AR ) HoA R
PRI E I FE R -, BRILZ AN, ZotEItHIE L T
WHONERER, B ETC A HOE PR R S T 75 5 HE 5t
P — B HETE | Tarascon 5™ (W TAERW, A2 EBE5
WA 3 AR ZIRESE I . £ R R, ik
SRR T BRI A LR, XU AR T N R AR Ry

MGG T L RRARER , UL ERRMERZTRILHE L
AT gt

TR S SRR R

TR ENEFIRBEE TR, Hu &5 338 7 —F
FIHRE -2 ooRE T2, R el il 4 550 50 ZnO 13k
MG, E I 4> BIALBE 2 453 Zn( CH,CO0),/ — HBEEW,
—{R7E 180 °C FRESIBEFERLIE AR 5 min FVESE—25 R
BRI, 2% —1 Zn (CH, COO0),/ — H B 5 1
1 min AR INAREE 120 °C i, K b3 i 45 9 b 1 T R
HEAZREG YD, R EAE 120 COREF 1 min, &
Sl SR TR TR E 180 °C, IFAEML IR E T i — 15
F#5 minlh A ZnO fOERIK, G 3a~3f s, AT LLE A
{7 R SR R v, AT DA A ELRS o b I R R 4
KREEHGRA L A R R, el 3g~3i IR, Yu 451
JEIFIAT Cu( CH,CO0), - H,0 F1Z K WA L T 4L
FENL 70K | SRR S5 [RE 35 04 A A (1D S8k, O
Xt R LA T TR A MR, Hui %S B, B2
TBER Fe(NOy) 5 - 9H,O i@ A B 1A kAR
IYAEL/INE Cu, O AR ITRE

Ibrahim %™ FH] Co(NO,), - 6H,0 il Fe(NO,), -
9H,0 £ £ i 7 il i i - 2 ST BA il 4 T CoFe, 0,
YRk, Giri 25°06f Zn(CH,C00), - H,0, Co(CH,C00), -
4H,0, FeCl, X KOH & T Z B P il nl 3, B
7 500 °C FHEBE 2 h, 5% Co,_ Zn Fe,0,(0<x<0. 8) 4k
Kif, BF5ERM, S B, BURE T, pH (A58 2:
XS YR 25 S IR, HLANTE pH A 9~ 10 2247 B 9 Kok
TS e ds

W.--:. -

E3 7ZnO A9 SEM K TEM H& -, a2 i & 444 Sl i 100 A@ﬁﬁﬂﬁﬁéﬁvwﬂﬂﬁ/\ ZnO G9K FFE B ELAZ 533 R 57 nm (a),

86 nm (b), 125 nm (¢),
i) TEM 18 4 (52)

162 nm (d),

Fig.3 FESEM and TEM images of ZnO CNCs, the average diameters of the CNCs are 57 nm (a), 86 nm (b), 125 nm (c¢),

nm (e), 210 nm (f) (3"

183 nm (e), 210 nm (£) 87

; TEM images of Cu,O after 3 min (g), 15 min (h) and 30 min (i) of microwave treatment

WAL PR 3 min (g), 15 min (h), 30 min (i) /J5H Cu,O

162 nm (d), 183
[82]
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AHECTF /K LA B A AL, B 0% s ot T g
PR PR T HL R ZBUR NPT BT s ik JiE
ABARTTAL, XK KA T8 T N FE e, 3o
B, O R R A A fof K e e e A
B, B TR R A R CR 7R B T TR
5T, BVEESAANT RE AEB rE R v, o]
DASCEUAE A B AR DR A i, A0 L 260 (5 Bl
BT C,Py] [ ClO, 17, FIF G B B WA R T 22
o+ A Fe, O, 9K E5K (18] 4), SOyt HARH8h
A, E90 °CF, 15 min BPRTSERLS N, [AIAT Li Z5IA 0

X5 B TR AT RE AT AN T 25 2SR Al A B AR SRR Y
G, A B ZETE T R Fe, 0, 40K 2540 7T R HLAT
BAFROMEARI T 77 Ding 257 (f FH 1- 7T -3 S mkmg
PUSEANERER ([ BMIM ][ BF, ]7) 5 5% N BEEK (TTIP) R I )i
Yy, JoK SRR o8 T o BOvE B 2 b B e L Ti
Bz B TiO, 4K 45K, Cao %™ R JH Zn( CH,CO0), -
2H,0 1 Fe(NO,), « 9H,0 435 EHRSEE, 7F Co(NH,),
K[ BMIM]" [ BF, ] BIAEAE T, 38 20 985 Tk S B4
N LA K B T M [ BMIM ] * [ BF, ] 4 158 E IR A []
P, U0 ZnFe, 0, . B-FeOOH 40 K 4% ¥y 45 Hovh il % 1Y
ZnFe, O AL HA L m DGR BTG PE

e . *
- . [

Bl 4 2 IR Fey 0, 9K MIIELAT SEM R (a) , Sif% SEM A (b~c) (¢ BIHRENEAEZEIE - ik Fe,0, F7Y) |
Fe; 0, 4K M1 TEM B A (d) (d EHR R % X B FATH BEA) R fF HRTEM B8R (o) ; B FIERAHESNH 0 g (),

0.1g(g), 0.3 (h) 0.4 g (i) WA SEM A
Fig. 4 Low-magnification (a) and high-magnification SEM images (b~c) of the RD Fe;0, NCs (inset in fig. 4c¢ shows the model of cor-

responding ideal rhombic dodecahedra) , TEM image (d) (inset in fig. 4d shows the corresponding SAED pattern) and high-
magnification HRTEM image of the RD Fe;O, NCs (e) ; SEM images of the products prepared with 0 g (f), 0.1¢ (g), 0.3 ¢

(h), 0.4 g (i) of ionic solution| ¢!

4 % i

TR B AR S — Tl e 280 0 4 K bR 6 D7 i, A
UL JUAF R SR AR Tt Bl 1 1 1 4 ) B < s S Ak
iR S SO N IR S T e 5 W I N v 1§ 5F 7 (1578
AR BER B A RN SRR v A, T ELR L
Wikl w I AOR S H BAT B R RO 20 | A% (R AR 0 A A
W—mEas . IERON AN, X —Irk R T R4 A

ASFAHNT A B LT 5 TR IS R i T
DA R

(1) ¥ Tl & ik 41 5 31 22 90 5% 5T 4 B ( multi-compo-
sition heterostructures ) FIE 229 K 25/ A0-& R, B BT KHD
SrHGE AR EHRIBR T o0 R B R, S5 R
Bre it . W TRIMERY, 128 K gl Iy 28 VM i
NIRRT S AR R L ) o 2R R 2
FIR R
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(2) ZE TR & WA GENN 3k A Bk ol 5 A K 1
BHIXTEET ST, 255 B i A TR A, TG % & il 72
T, SR AR SR TR T DR AR AT R AR L S
AN FER SRR R, X — S W
EBOTE R T N A, ER % AT A ik
IO, R AR, s BE RN S X 7 M A K S5 A8 5
Wi, SOERCRGEHITTE T FUHT, X TR A Rk
SERIITTIT, FOR LAY AT R R SR A ME A5

(3) 23 4 THD b B0 AR 325 ) 46 290 K 45 g ) L TR 2
JO7 e G AN BT B AILER, 6F TR MR Tl A & iTEHL A K
REM A HEEEE X, HAr, M EEeT s, &
AEAL AT 5 AN RS B A I A 50 B, AR R0 5 M
KEEFIRIDTTE IR IR T S50 20, M A IR . TARRCR
e B 5 AR AR A BE— 2T K, A Frlss . RERE A
LA T AU AT T 2 TR M
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