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Preparation and Characterization of Hexagonal WQO; Nanobelts
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('College of Chemical and Environmental Engineering, Beijing Technology and Business University, Beijing 100048)
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Abstract: Hexagonal WO; nanobelts were prepared using appropriate amounts of Na,WO,, K,SO, and H,C,0, by
two-step hydrothermal procedure. Based on the investigation of the pH value, the added content of K,SO,,
reaction temperature and time as well as different surfactants, the synthesis condition of precursor nanobelts and
formation mechanism were suggested. Using the precursor nanobelts, hexagonal WO; nanobelts can be obtained
under the second hydrothermal treatment. The measurement results show that the WO; nanobelts with 100~300

nm of width and many micrometers of length keep very well.

Key words: hexagonal WO;; nanobelts; formation mechanism; hydrothermal preparation

—HAE (WO, &—F Z I RER R A IERL
BARE ST N T Z RO R SS R  FE AL Tt
P | F (PR O ) B 8 55 T TR HY R G A
PeFETRE ol SR ORI AR R SO A K AE
SR 7S LR B I i 21,

FURT, X WO, B0 5 32 B4 vh /e by R 5l HE TR Y
il S0 AR B RE A5 R S e RE R O R L
LRI S WO, MEHING KA KB 0K LBl
2 Al A B 5 D T R KA 4 KR Bl K

W H 39 .2009-01-05, Wtz ki H 1 :2009-03-24,

A A E B DTERRL WO, 4(Wis0g) 110 7S
T A WO 49K AT 08 1 48 55 56 H Ik 4 S i A
IR 5T T AR TEALER X 75 05 A WO, T 31 1 5
M) LA BT B 5387 T 5 MR 19 AT REATL B
ARSCAESLIERE ) #F— 25K T pH fH K,S0,
P B8 S it TR (] A B AN () 2% T % 4 700 6 4
KM T ISR | 45 T KA BT RUPLEE | 4R
FHIK POEARME— 2D 6 28 7S J7 A0 WO, 98 KAt | i 5
BAEA BUR B AT A KA | &t 5 T R K

1 % [ A BF 5 5 42 (N0.20473007 ,20876002) AL 5 TR K24 RLBIFAS 2l 2 4 e i)

FEIRIE R . E-mail ;jitianhao@th.btbu.edu.cn ; sunjy@btbu.edu.cn

SR RE R 42 B BB WEFE 7 18] AR B ORLR] £ RO PERE



% 501 BB KM 7R WO, 90K A 01 45 5 21 819

ML TR A AT ARG
1 SLIgER4Sy

1.1 A WO, HXFHH &

EH 20 mL 1 mol-L™ BY#LMR , 1 88 FOK M B
£ 175 mL, FEBFE T HMA 11 g BERER 15 3 @
VU B VS W ARG N 5.7 o BT 4h RS FL A &
BRI T JE A 3.4 g R 8 RIS Ol R
S0 WIS W, B o MRS 2 50 mL A R Ui 2
I W SN 4 v S S BE 2495 85% 5 7E 160 °CF L IE
24 h ARG Y) K7W £ B T OKZ B
G B R RN E T AL E K EIHA
FE2)h 75% ,7E 180 °CF I 48 h, e 2l 1% H 4
INITH WO, 98 KA
1.2 HFmAIRIE

K H Rigaku D/MAX-PC2200 % X 5 £& ¥y K fir
SR S AT AR A3 B, S LR 100~70°, 49
N 0.02°-57", Cu Ka F5F(1=0.154 056 nm), &
HLFE 40 KV, 8 HLUE 40 mA ;R H JEOL-JSM 5800 7
4 o W R P IR S AT R AR ¢ R
HITACHI H8000 %37 i -~ b {3 556 X i JE 35 i
PR MEE , IO B 9 BE 3% 40 87, R A JEOL
JEM-2010F 5 {55 53 B i 55 ¥ 1 10558 % B i kA7
rm A RH UL 5 A THT [B) BE 3 H 555 R Avatar 360 B f# 57
AR 2T ARG TR AR HR 800 BOGHL 2B 1AL (I
K 633 nm)WF5E 7= P L4548

2 HR5E

2.1 $BERERMKTE

KB A RS aE BUEST, RN TR
ME 2 — 25 O LRI AR 7S O A WO, 9 KAl | T
Sl AR ER YUK | LKA IS A BB AR
B TR WA WA AT 2, pH 1 K80, 1)
T S DR s g i 8 R ] B 5 AR EE A
2.1.1  pH EAYF M

TE 55 TR A A0 KA 1 1 25 B v pH (X 7 )
1) i 2 R B Y PR R A b T8 S 56358 4 1)
U KR SO AN NS B i 07 N AR N I RVl S AR L 1
AW EEIR & 6% B AR (100 F5 90 5%, 20 BER 20 200
nm) UL 25 BEUESE | 7= W B AR ARAR K, A S
mlL 1 mol - L' AR ER B M A 20 mL 3 mol - L Ay &L
2, JLT A5 A 2GR AT | I AR AT 0 7 2 R AR e 1
B S URE R B R SR BV VR, pHL (B A

FE11~12 18], FRERMINA , AR TR R pH
B, T EL 2R TS R AR B T I AETERES . IR R
UM A B ER R KR pH KT 7,400
AR ERIR KR pH B Ny 5 2 1 | 5 IR AR 25
Tt 2 R AR o R G A A A T AR B R O A TR
MRS FRATT A S 56 245 AT ) 3 28 B R ) 1
SR A= LA KT TS TR (HL,W O, ) AT L7 v
IR R W H A5 SCER oA 2 R SR A R 1Y
H i —HE0 2 TR 15 H,WO, &4 MK
FRE , INTAE H WO, 7, BRI 520y 2R

H,C,0+H,W0, — C,0,-WO,+2H,0
2.1.2  K;SO, ML £ 4 5% i)

K,SO, FE 9K Y Bk B v e e i) 7
HEN), XMEMNECRIMEIMAR L A=Y
(1) 8. ok 8 O 25 45 SR IE 52 K,S0, B I = Ak 7 =5 3R
L R0 2 0 A IR SR T A5 04 7 LT A
BRGOKAT, X5 A SEM M TEM 45 5 A6
— 3, T K,SO, AR AR B 7= 4 vh B T 40K
i LVAME A e E2RWAATE; 4 KS0, i/ 3] —
SEREER, YA LAV R AR K AT 2 M
BRIVERIE R, R T IR A UL K80, 7E T8 $i 4% i Hh
MAER, FATW A (NH,),S0,.KCl Fil NaAc 18
K.SO, 17— R F S5 | 45 5E 52 | 3X 3 A AR 4R
ARMEA B 4h oK A ok | i B W K,S0, o KHFl SOt
[F) X 8 KAy 9 T Il 25 A1 10 ), 5 2R 5 b 4
S (0 TE A — S0 AT, SO, A AR R T AE AR
HRRA EAER, IF 5 B R 5> T — R X 9K 9 A
BURE] S RAER, K5 WO, 49K kLT 8] 1 4
YEAA R T 90K A i, 7R EAE I 7EZE A
R IRATT A S G A AR A B e PR R X A
T EARARERE SO C,0,-WO, ZHFE— & i i
TATEE — SR E TS, A,

SO +C,0,-WO0, — C,0,-S0+W0,>

T S025 WO TE B 242 Fl 25 8] B 4 43 A1
B AT BT A SR B T RS B N B B kA B
& % WO & kARG TE B2, 1 7E SRR
RIS NasPO, B T WO, 98k | L
PO HIMEH S SO MIAHMRL, X 2 R B 7 B
R o ol o £ B (I e o1 5o R L N T S T o
PO A C0,-WO, 1 & 1 28 e/ 2 Lk SO 1 55
PRITTT 5 24 0 7 A J2 KA T AR 9Ok KTE RS
i A OSSR 1) - i fL A 9 1 O SR Y T R 2
HE L a5 RAE RN 25 2 8 A Y PO



820 Jd Hl fk

A

5025 %

A H T 40K B AR
2.1.3 SNt JEE AN [ ) M

TEKIAGEAET M 3 v S 7 it J3E RS2 Rz I [ %
FAPIE SR UL R 2R 1, AR AT LA ) RO it
J3 NI 18]t [ AR 42 o 7 W O T 0 4 S N il B S
160 C RS [E]7E 24 b PA 7= 9 S £ 65 1 4
KA BN i e BT T AN K R R AT
RES RN B J12 A ok, BT Je B3 Al
7 5k R A S 7 S A BB | R S A A
R IXFERL 2 BEIR AR 25 1) S PR AR Bl A
LR E 180 C RSN IA) 12 h BYZ&AF T Bk 1 vl g
PRI sz 7 T - B8R 5 L SB0RE LA AN 3 A T A
HELFE | PRI 32 O ME ) 28 20 KT 5 By i I, 40
DK A A T R AR D G T A R B A T R e
B Q)17 S TR R A RIS B S U 2 S

%1 FERAKEEMNESETOEUES
Table 1 Product morphologies prepared under

different reaction temperature and time

Temperature / C Time / h Product morphologies
120 12 Violet flocculent
120 24 Violet particle
120 48 Violet particle
160 12 Short rod on green spheric particle
160 24 Green nanobelts
160 48 Green nanobelts
180 12 Violet particles and short rods
180 24 Violet particle
180 48 Violet partilce
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Fig.1 (a) XRD pattern of tungsten-oxide-salt nanobelts;
(b) SEM image of the nanoblets; (¢) EDX of the
nanobelts; (d) TEM image of the nanobelts (The
image shows the morphology of the nanobelts)
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Fig.2 XRD pattern of hexagonal WO; nanobelts
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Table 2 Color and morphologies of the products

prepared under different reaction

temperature and time

Temperature / °C Time / h Color and morphologies
180 24 Yellow green nanobelt
180 48 Ivory white nanobelt
180 72 Ivory white nanobelt
200 24 Yellow green nanobelt
200 48 Ivory white nanobelt
200 72 Ivory white nanobelt
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Fig.3 (a) SEM image of hexagonal WO; nanobelts (Inset
is the higher magnified SEM image); (b) EDX of
the sample; (¢c) TEM image of hexagonal WO,
nanobelts; (d) HRTEM image of the sample
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