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H.WO. F4k2E4, ZrOCL + 8H,0, 40% & # B 1
30% WA K A et 30% WEKMEHRTEHS
T, BT P.0s THRABR TP, HEH
BRI ENE W E  FE 5 SR H
A2 Dmax-3A X- 522 £ @M RKATHL; CuKa 3@
8, Ni g8 A o B Jyultima BBBFR G EF & T &K 5
iYL (ICP), Vg Escalab Mk-11 ZIhEE Y& T EE%
1%, MgKa &, EE TA2100 AL, =8K
H, FHEEE 10C * min~ '

1.2 ZrWO.F. BI& &

1.2.1 LISE#EBRNEE

B 1. 68g H;WO. i& T 20mL 31. 6% &) H.0: &
BB, 60°CHiE, BifE, ik 6h, HIEER XAEY .
ICPMEEEE W HFEHEN 4 x10 mol. B
MY F B8 # ZrOClL - 8H:0 1. 29g & F 8mL H:0
h, BREIA 1. 5mL 30% & H.0. # 1. SmL S #
B, BERANBREB WYRNE: ZoYWHENE =
1 1RA, BESEBAYHREACIHBYER. &
BHEEBRIKEN 1.5~1.6mol - L', HHEKB AR
BT, A3 R AR ETEY (1), HEEITEY
(1) Br4fS, 7E 580°C 9% 20min, 15 E|H &M KK
Z2rWO.F>,

1.2.2 LIFEILE A EIR

F—EH R M, &, 24 % WMEHAL ;TR E BESNLE,
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B 4.75¢ HWOs i& T 40mL H:0. i+, B 2. 87¢
ZrOCl, » 8H.0 & T 50mL H.0 #, F7E ZrOClL 15
FHIA 2. 5mL 30% #) H,0: 1 2. 22g NH.F, HE#
ES(DHE G BB RIREB WYRME: Zr Y
FHE =21 RE, WERARKRTE, BEEEE
EARTIRY) (2) . HEUERTRY (2) 4G, FHATH
SEHTFOAR 434 o

1 E R IE R A ARIR A 0. 4mol% §) TiCl-H.0, &
i
2 HER5HE

ZrWO.F, B R 53 #

# 0.0120g ZrWO.F, £ 420°C 5 0. 108g NaOH

ISR, AR RE 5K IR A H,0, ¥ HNO;, Ak H.SO.
B, REERY AR, BB BB a, b, co A

2.1

A, XPS 1 ICP 73 #r R B, ZrWOLF: A& # T E
HOoLE. XATREE R TH & MRS Ry HTE MK
LEER GH LRDER, € HAr =iy
RN ZWOF (ISR FER L) .
2.2 ZrWO.F, (EHIRIE

ZrWO.F, F148 A Si0. A 5, il E H XRD [#
T A S0°LIHTHY 21 AT A (267 (°) ) {E H SOSI
R F K IE G 2% % A TREOR 2 /F ¢ #7141t
B, 2N maRLH T Ek, REEF M(21) =
3. F(21) =4, & BIUA G5 R 310 1E 3¢ & & SR
ERFIH A, WL HRSIEREEIER DI =
P222, MBBRHAKLGERM D2-P2,22 %4
B, PE—4 F SOS2 12 X AT 8 B & 3B AT B £kt
TR MEE, FTBRRSEN «=1532(2) A
b=13.877(7) A, ¢=8.42(2) A, fshrfbE RN #

ICP HESNMERRMEa, b, c PERBEFUKE, 2,
XPS B E ZrWO.F, EARE S M EL B ocE A
x 1 ZtWOF, HEE 5347

Table 1 Composition of Zr WO.F:

metal quantities of Zr'WO.F2 determined by ICP

metal concentration / ppm mass /g quantity of substance / mol
solution (a) w 115 5.75x107? 3.14x10"°
Zr 0.11 5.5x10°"° 6.0x10""
solution (b) W 0.548 27.4x10°° 1.49 x 107"
Zr 59.1 2.95x10"? 3.24x10°°
solution (¢) W 0.101 5.05x10"® 2.74 x 10"
Zr 0. 785 39.3x10"°° 4.30x 1077

ratio of non-nietal elements of Zr'WO.F: by XPS

ratio of mass

peak position/eV intensitiy sensitivity factor of atoms ratio of atoms
532 15720 0.670 7 2
F- 685.5 9876 1. 000 3 1
composition of Zr'WO.F2 combining the results from ICP and XPS (theoretical)
w Zr 0] F
mass/ x 107°g 5.78(5.86) 2.99(2.90) 2.15(2.04) 1.08(1.21)

®2 ZWO.F WIERRULER
Table 2 Index Result of XRD Pattern of ZrWO.F:

kil 26/(°)(det.) 26/(°) (cale.) d/A(det.) d/A(cale.) I/1o| hkl 26/(°)(det.) 26/ (°) (calc.) d/A(det.) d/Alcale.) /1,
200 11. 56 11. 55 7. 66 7. 66 7 | 050 32,21 32.23 2.78 2.78 6
120 14. 00 14. 00 6.32 6.32 15 | 422 34.23 34. 17 2.62 2.61 14
220 17.25 17.23 5.14 5.14 21 | 440 34.91 34. 87 2.57 2,57 17
012 22.03 22.06 4.03 4.03 70 | 251 36.04 36. 01 2.49 2.49 11
400 23.18 23.21 3.83 3.83 9 | 502 36.20 36. 24 2.48 2.48 16
212 24.91 24.96 3.57 3.57 4 | 360 42.88 42,89 2.11 2.11 19
330 25.93 25.97 3.43 3.43 100 | 542 44.94 44.93 2.01 2.01 12
140 26.27 26. 32 3.39 3.38 5 | o071 47.03 47.06 1.93 1.93 8
240 28.21 28.22 3.16 3.16 60 | 270 47.37 47.33 1.92 1.92 27
141 28.39 28. 41 3.14 3.14 57 | 603 48.16 48. 16 1.89 1.89 15
402 31.63 31.57 2.83 2.83 6
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2.3 ENREERYHASIBLES Z2WO.F. M &
1%

XRD #H4r#r R, BEARTIEY (1) &1 51 B
BFAL, FEGHIER LUTEF ZnF(H:0)6 WO; -
2H.0 M W0.CL., B EARTEY (1) BB BRI
R EWREHR(AEI).

ZaXEEEY (1) HERZE 200CH—&
1B B X 8] S 4 T I (L 1) #9487 F 200°C
& IR #£ & ) XRD #H 4> # A ZrFa - H.O(JCPDS:
9-118) M WO, - H.O(JCPDS: 20-1324) &4516% ¥
(WE 2), 150C LARTIR BE X (Ml A9 42 K (3. 4% +
7.8% ) FOXF R F 113C 3% ZU B9 W% 4 ad 2 18 Ay 98
M) ESEMELETUOTRN(BIEAEREY
12. 7% ):

Zr:Fs(Ha0)6 + WOs * 2H20 + WO:Cl
=27ZrF, * H:0 +2WO0; * H.0 + 3H:0(g) + 2HCl(g)

AT KB TE 150°C ~ 610°C 22 [A] K¢ 5h B9 1% 48

KRE (KRE 13.9% ) KXtR T IR E X E 86— &

weight / %

By ) omanggp ameadwa

T T T T T T -
100 200 300 400 500 600 00
temperature / C

Bl 1 EARTIEY (1) H) DTA(---) F TGA(—)[E13%
Fig. 1 DTA and TGA curves of precursor (1)

FUE (297°C ) A1 = /> L& (240C, 363°C, 469C ) [T
BT 7EX IR BE X (8 & A T ORI ZL 0 B e 1 & i
HREMBOERiTRE, ZBETE 05CEW T
ZrWO.F (I KR EHR H 13.3% ):

ZrFs + H:0 + WO, + H,0
=ZrWO.F: + H:0(g) +2HF(g)

*3 BEMERIERY(NEFIFER
Table 3 Result of Phase Analysis of the XRD Pattern of Solid Precursor (1)

solid precursor(1) Zr:Fs(H:0)6 JCPDS: 32-1491

W0, - 2H.0 JCPDS: 18-1419

WO.Cl, JCPDS: 23-1450

20 d/A 171 d/A 171 hkl d/A 1/ I d/A 171 hkl
12.70 6. 96 79 6. 80 100 6.95 15 020
14. 60 6.06 74 6. 030 72 010
16. 40 5.40 70 5.378 60 110
17. 54 5.05 86 5.038 100 011
18.23 4,85 60 4.833 69 101
20. 57 4.32 30 4. 304 19 011
22.25 3.99 10 3.976 8 111
23.90 3.72 93 3.70 100 011
24, 56 3. 62 63 3.618 44 101 3.67 80
25.71 3.46 59 3. 456 24 120, 102 3.37 30
27.17 3.28 100 3. 221 2 111 3.21 100
28. 35 3.15 17 3. 142 6 110
30.25 2.95 13 2.954 8 021 3. 00 10
30.76 2.90 20 2. 901 22 012
32. 24 2.77 15 2.775 11 112, 112 2.733 20 101
33.29 2.69 22 2. 687 15 221,220
34,17 2.62 34 2. 630 5 111 2.58 50
35.39 2.53 31 2.531 122, 022 2.51 30
36. 69 2.45 17 2. 440 8 211 2.43 20
37.91 2,37 6 2.377 7 222, 221
40. 49 2.23 16 2.225 14 131,113 2.27 10
41.95 2.15 8 2. 149 9 231, 120
43.02 2.10 8 2.102 6 112 2.07 30
43. 64 2.01 9 2. 010 1 030
46. 48 1.95 20 1.948 14 103, 123 1.94 70 1.921 10 002
48. 11 1. 89 17 1.85 10
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1500 500C ~600°CZMH], TGA MiZ& THEZEE ., ¥WEHK

Lo oucrs iz E, XV TFER, X EKFTEY (2) 78 480C

S o1 FI SB0°C 1R IELJE AL 447 B9 25 R B, £ 480C © 4 F5
o LJ}T\M . ZiWOF, #8E o JF BB BE T 5, HAFR
- wa\. Hio £ 580°CZrWOLF, 2R A FZYAH (WHE 3).
T T T T T 700°C B9 #H 3t R BH, ZAE R C 4% 8 WO, (JCPDS:

20/()

A2 EEETEY (1)7F 200°C FR 8 A 8 & i XRD B i
Fig. 2 XRD pattern of the product that was obtained by

annealing precursor (1) at 473K
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A3 BEEETEY (2)7E 753K (a)Fl 853K (b)FRIEH XRD
B i; (c) B HRTIEY (1) 7E 853K FRIA 20min K
ZrWO.F: S K XRD A %

TE (a) FI(b) F IV, AR K HAH, HATH 4R
JE T T

Fig.3 XRD Patterns of precursor (2) annealing at 753K (a),
853K (b), and the XRD pattern of phase pure
ZrWO.F: (c) that was obtained by annealing the
precursor (1) at 853K for 20min. V in (a) and (b)
denotes peaks of unknown phase which intensity was

decreased when the temperature was increased

20-1324) # Zr0.(JCPDS: 17-923; 37-1484), #iE -
R NGE BB, RIS BRAR R RESE XN
580°C . @it H %A L B WOs(JCPDS: 20-1324) A9
FEAEUE (d=3.85A.3.69A.3.758) Mir&, MER
RET[E] & 20min( LA 3) . AnR AR B EE K, & &
B Z W RN WO; F ZeO., B Il ZeWOLF, A%
NREA, HIBAH ZIWO.F, BIXE R 6 IR
FE A ORE B E] . BB A AT ] A K AR S B
ZWOLF. 5+ AN R E B o

g £ X W
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The Precursor Route Synthesis and Characteristic of ZrWO,F.

WU Yan' ZHAO Xin-Hua*' MA Hui®
(" Department of Chemistry,* Analyzing and Testing Center, Beijing Normal University, Beijing 100875)

Zirconium tungsten oxyfluoride, ZrWO.F>, was firstly synthesized with the precursor route. The composition of
the compound was determined by combining the results of ICP and XPS. The indexed powder X-ray diffraction
pattern of this compound indicates that it is a pure phase, orthorhombic crystal system, space group D»? = P2,22
and a=15.32(2) &, b=13. 877(7) A, c=8.42(2) A. Combining the results of the DTA-TGA curves from room
temperature to 700C and XRD patterns in different temperatures the mechanism was revealed during the solid
precursor (1) been heated to 700°C. The zirconium tungsten oxyfluoride was considered to be a metastable com-

pound. The ascertaining of annealing time and temperature is the key of handling.

Keywords: zirconium tungsten oxyfluoride ZrWO.F; precursor route synthesis
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