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Synthesis of Cubic ZrW,0; and Its Isomorphs by Acidic Steam
Hydrothermal and Precursor Decomposing Method
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Abstract: ZrW,0,(OH,CI),-2H,0 and its isomorphs were prepared by Acidic Steam Hydrothermal (ASH) method
and the pure cubic ZrW,04 was synthesized by dehydration of ZrW,0,(OH,Cl),-2H,0. The control factors of ASH
method, such as the type, concentration and volume of the acidic steam source, temperature and time of the reac-
tion, were studied in detail. The results showed that HCl was a better volatile acidic steam source and the con-
centration of HCl determined the product. At lower concentration of HCL, the main product was Na,W,0;-H,0
rather than ZrW,0,(OH,Cl),-2H,0. When the concentration was higher than 6 mol-L™, the products in turn be-

came sodium tungstates with the structure types of pyrochlore, hexagonal tungsten bronze and finally were trans-

formed to ZrW,0,(OH,Cl),-2H,0 precursors.
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Fig.2  XRD pattern of cubic ZrW,0g prepared by
decomposition of the precursor from ASH

method

3 2 T il £ B S 7 ZeWL0g B IR R Y2141 1E]
TR Al SCHRE FRATT AT IR S W e dR A R L A
F 995.40 ¢cm™,907.12 cm™ Fil 872.09 cm™ &b {1 1
U U5 J& T WO, DU TR 4 X R A 46 3% 38, 2 T 803.90
em™,764.14 cm™ 1 739.24 em™ &b (%)W Y 04 9 R
WO, PR A X PRI AR5, 78 600 em™ 1 400
em™ 22 [H] (1% I i 0ég D 51 J 1 WO, P T AR A R X AR
AR S AN ZeOg W AR 4 IR 50

Transmittance / %

803.90

1 (;00 5(‘)0
Wavenumber / em™
Pl 3 ASH i3I8 4 #4324 i # (9 S 754 ZeW,04
MILLAh 5] 3%
Fig.3 IR spectrum of cubic ZrW,0Og prepared by
decomposition of the precursor from ASH

method

22 ¥ ASH HFiEMEZ

T 34T ASH BV 9 (€8 [ 4K A 19 XRD &
UL B 4, 3z A 55 B i oA BT DL R A NaCl
(JCPDS 78-0751) #il—#f 5 Na;MoO,Cl (JCPDS 41-
0526) & VA 285 46 AH [F] 9 A0 iR A . BT W 5 Mo 7E4k
Sk BT R AR R AR, S5SNI A
L, FRATTIA R X B A R AR A A NayWO,CL, Pt
@R A B WO5-xH,0,Zr0, - yH,0 JC & JE [ A Fl i
A NaCl,Na;WO,Cl 2 1 .

+
n
+ NaCl
300 - B Nawo.Cl
N
£ 200 +
z N +im
g TR R
100 L
M
0 T T T T T

B4 B@E A AR XRD E
Fig.4 XRD pattern of the white solid A

22,1 TRV TRV JRE TRVl 20 X6 S 56 45 SR 1)
A

£ 200 CEMFT, H 8 mL A[FHe B ) HCI 1R
FRVRIEW, 25 12 h ASH B, Fr A5 7= 41 i XRD
FILIE 5, MRS RIS R AR 1.33
mol - L™ F1 1.5 mol - L™ B, &5 12 h Y i, 15 A %]
R 9K ZrW,0,(0H, Cl),-2H,0 fiAfl . 724 b K
1 TG 5 I [ AR A5 45 & = 0, 2 2 A Na,W,0,
-H,0, # i1 2 %0 a=0.606(4) nm,b=0.718 3(4) nm,c=
0.864(1) nm,=108.17(9)°,8=96.03(8)°,y=103.9(2)°
5 CHRE(JCPDS 88-1525)F14F . HiAx Ay i n] LLIH
J& R SE T AR NapZeW,0,,, 40 UR VTR A ¥ 5 4 5
M 1.33 mol - L™ Al 1.5 mol - L™ if, P24 1 5 il 2 %k
435K :a=1.035 8(5) nm Hl a=1.036 1(5) nm, 5 3k
{8 a=1.036 15 nm(JCPDS 40-0356)H £, 4T IHIA
AW T2 3 mol - L B, Na,W,0, - H,O 177 5 1
AEGT 8 R B d ek 55, B AR A AR S WOS(HY0)gs
(JCPDS 84-1851), fit fii 241 a=1.030 5(3) nm, 5 3Cifik
fH ¢=1.0305 nm — 3, IFEEWAWEEH 1.5 mol-
L 1 3 mol - L™ (4 B i 7 ) 483 e 4% 0 2o o) 5 1 o



- 1360 -

x Hl

-

9521 %

KOHE W B, H TCP J5 3 05 N 5 4% A i
B Na JCE RS, BOUE T B4R Na JCR AR,
MR W EE - FHE] 6 mol - L7 B, 283 12 h
1 RN, AT A4S 3] S Ak B A TR .

rS

A NaW20-H:0

8 NaxZrWsOn

+ WO(H:20)os .
. P
ES

b

. o,

Intensity (a.u.}

ZyW20:(OH,Cl)2 - 2H20 d

SR Y

A A B A oA AR SARE A e e
20 30 40 50 60
20/(%)

5 1 8 mL ANk BE i HCL AR S RV W 7E 200 °C
12 h T A =9 XRD Bl
Fig.5 XRD patterns of the products prepared at 200 °C
for 12 h with 8 mL different concentrations of
HCI acting as acidic steam sources
(a) 1.33 mol-L"; (b) 1.5 mol- L7
(¢) 3 mol-L; (d) 6 mol-L™
FE VR 1.5 mol - L™ MM T
RO 52 07 30 h oA AN 2 i SR, (EDRFAR e B2 25 1F T
FFENH =PI AE 6 mol - LAY #& & T FH K FAATE n] LA
P2 A R Y FT KA 25 L RTAL ISR A 2T AE R
TRV R A8 B MR L B 2R A R A BE B
1 8 mL 1:1 (¥ CH;COOH ¥ WA < I W7
200 CZ& AT B S 6 d WA A B ATy,
HNO, E ARV W 22 ] LAAS 21 i 1k R 4 19 1 9K
Yy, 1Bke e L REAS B AL R4 HYS2 T5 AH ZeW 105
222 SHFCRE UL RIS E) X S 86 45 2R 5
Kl o~151 8 JE @ Ik A fERE IR RN, LA 6
mol - L™ HCI AF AW, 76 AN W] B 58 8, AN [
149 52 7 AR [ AN ] 9 S 7 3tk B R 64T ASH S fie
=) XRD [,
T 7(a) FTEL 8(a) PN, 25 J52 7 R ) o et 8 B )i

TR S I, Y A WL B A 7= A B 2 N 2 A Y
BRI, & T S RV L R L & 6(a) & T(b).
Fl 7(c) ., Bl 8(b)ix PUANAS [l £ 44 F BT A5 7= 9 1) X AT
SRR AT 8 T3 1,8 6(a)H 7S #5754 45 0 A9 R
W SIS EON 1a=0.7322(6) nm,¢=0.788(5) nm,

<&

¥ Pyrochlore
4 Hcexagonal
& ZrW20(0H,Cly: - 2H:0

Intensity (a.u.}

ZrWa20(OH,Cl)2 - 2H0

i, kil
20 30 40 50 60
20/(")

Bl 6 HARFEFE 6 mol- L HCI A AU % W AE
200 CKLBE 12 h #9716 XRD &

XRD patterns of the products prepared at 200 °C
for 12 h with different volumes of 6 mol-L™" HCI

acting as acidic steam sources (a) 2 mL; (b) 5 mL

» Pyrochlore

4 Hexagonal
@ ZrW20:(OH,Cly: - 2R:0
a

-

Intensity (a.u.}

K17 £ 200 “CHI 8 mL 6 mol- L HCI 1y I L,
SCIEAS [ T 1) 5 9 XRD &
Fig.7 XRD patterns of the products prepared by 8 mL of

6 mol-L™" HClI acting as acidic steam sources at
200°C for different time
(@) 0.5h; (b)2h; (¢)5h;(d) 7h

B S S g BRI, M FER I HCL Ak
/NTF 6 mol-L7 B, JZ i) A Feim W B i HCL 25 <



%9

AR 28 R 28 SR AT IR P R O3 Fit vk ) 45 327 ZeW,05 ZEBME A ) - 1361 -

&1 A6mol-L" HCIEASEAR, EAREFHTREFBFUHEITER

Table 1

6 mol- L™ HCI as acidic steam sources

Results of phase analysis by XRD for the products prepared at different conditions using

Fig. No reaction condition

Phases Crystal parameter of pyrochlore' / nm

Fig.7(b) 8 mL, 200 °C, 2 h
g7(c) 8 mL, 200 °C, 5 h
2.6(a) 2 mL, 200 °C, 12 h
.8(b) 8 mL, 160 °C, 12 h

Fi
Fi
Fi

1

Pyrochlore' + amorphous mixture
Pyrochlore' + Hexa® + amorphous
The same as above

The same as above

a=1.026 0(4)
a=1.024 9(2)
a=1.026 2(8)
a=1.026 2(6)

!'Sodium tungstate with the pyrochlore structure, lattice parameters are from 1.022 7 nm to 1.033 3 nm!"™;

2 Sodium tungstate with the hexagonal tungsten bronze structure , lattice parameters are from ¢=0.730 6 nm to 0.732 7 nm

and ¢=0.776 7 nm to 0.777 9 nm'".,
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Fig.8 XRD patterns of the products prepared by 8 mL of
6 mol- L™ HCI acting as acidic steam sources for

12 h at different temperatures

(2) 110 °C; (b) 160 °C; (c) 200 C
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Table 2 Effect of initial pH on structure formed on acid hydrolysis of sodium tungstate
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