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Synthesis, Characterization of Zn-containing Tungstomolybdosilic
Polyoxometalates and Their Catalytic Performance
in Reaction of 2-Propanol
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Abstract Zn-containing derivatives of HsSIM01,-,\WrO40 (N=2, 4, 6, 8, 10) were prepared under different
pH according to the variation of n and characterized by elemental analysis, IR spectra, X-ray diffraction and
XPS. The acid kind and intensity of the polyoxometal ates were investigated by Py-IR and NHs-TPD, respec-
tively. The polyoxometalates were used as heterogeneous catalysts in tested gaseous reaction of decomposi-
tion of isopropanol. The relationship between catalytic activity of the polyoxometalates and their component
was discussed.
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1.1 fEFH&E

AT HySIMO1o- W, 0400(20~25)H,0 (n=2,
4, 6, 8, 10)1% 3k 7 ik A e, FREUAL &4 10 g, W T
100 mL &4k, T4 80 'C. LA KOAc-HOAC 22
WWOR pH E, n=2 i}, pH=4.2~4.5; n=4 I}, pH=
44~4.7, n=61f, pH=4.6~4.8, n=8I, pH=4.7~
5.0; n=10 It}, pH=4.8~5.1. X5 IIARZ T4 %
) ZN(NO3), MRV, 4k 30 min, EEHGLIE, WEW T
0~3 CUKFE 4, BIFFERIR S .
1.2 EUEFIHERBRHE

FERRIUE AT RE h, SRil o i, EAT 0 E AT
Z? B DTPA E4A5, SRR ARG~ EMRD
SRR, DABRAE R IR SO A8 1285 T 2 2 A
525 AHH HoS T EANE; #9FH H,S 43 8 41 1 JEW,
DASE R] = B TR T N ek P Rk PR 0 vk
S DY SR R T, K R A TR
5. Zn?" IR H O R A: 13 p i 1 H Y AR SCik 45 5 K
HL Ay P07 S A 5 1.
1.3 EAFIRIRIE

FEH 2T A 350 52 4 F Nicolet Nexus 670 FTIR
LIANEREAL, KBr J& 3%k, F1#i7uf 400~4000 cm %

XPS 7 #12RH PHI-5100 X SF£k 6T Re A%, A1
FM AN TG Cis (284.6 eV)I4E & BE N bRUERS
1E. XRD 73 #4E D8 Advance X S 2 A ATHHX k4T,
FIHEVEH 5°~40°, Cu #, Ni J&i% /. NH-TPD il 52 1 il
PTC-1 #Hef) P THEIEHICR 102G SAH AR, Py-IR
43 MK Nicolet Nexus 470-FTIR ZLAMGREACGINR, 45
Hii7t | 400~4000 cm ™.
1.4 RREGEMETEM EEIS

ST [ 58 IR S N A5 N HEAT, B 1.0 g fEERIE T
ANEI VAN, NV HTH N2 T 200 CHitkb#E 2 h, J+
WA AR S LA O R, e RS, )
H HP-6850 “{AH il A AT AE 4k 40 #r, C VA—ididhAT

= =N
JEE.

2 HR5E

21 TES

FIH B3R IESIRT 5 A Zn? BURHIREHES 2 4
& TR G, XA S Y B AR I AR,
PREEZ A il N KOS AT AR R, RIS
fift. MRPETT R T R (WK L), B AL G0 R
far P15 B HES, BTG ALl Xk

K4Ho[SIZN(OH2)Mo0y; - (WilexH0 (465 4 ZnWy;
n=2,4,5,7,9; x=22~26).

MM EE T, AR R MR TS5 Mo, W A
TEEAKR, UH. BEEARN, REMWESTERS
BT 24 W, Mo & BEAH AN, 2R 22 W1
2.2 X Gtk mTrEiE

LHIE 23 B FH T ZnW, RIIGE D) XPS 4
BT, ZERSAESY R LESEE T Zn®”
FINEH 45 Re SR ZnO ML, B4 A B
MAMNZE d FTFERANET Ni RA 2 &8 58 RS9
Ni2 (4 2 T 45 4 Rs S NIO AEL, JLA 1 neg 2,
VLRI C R B 1402 d PS5 M0 BN S L 1
SER DL S AR 5 T 0 T 2 2 ) IR B R ORI 52
migtl i A 2 WA AL R IC 2 SiIH 2paia, W (K] 4f 7, MO

R1 ZnW, RIMEEIITLR D HTER 2

Tablel Resultsof component analysisfor ZnW,,

&Y M/% Si/% Mo/% W/% H,0/% K%
ZnW#25H,0 (2.54) 2.50 (1.09) 1.07 (33.54) 33.51 (14.28) 14.25 (18.18) 18.01 (6.06) 6.04
ZnW #22H,0 (2.42) 2.44 (1.07) 1.01 (24.87) 24.16 (27.27) 26.25 (15.35) 15.15 (5.80) 5.83
ZnWee24H,0 (2.54) 2.50 (1.09) 1.07 (33.54) 33.51 (14.28) 14.25 (18.18) 18.01 (6.06) 6.04
ZnW5+23H,0 (2.19) 2.17 (0.94) 0.94 (12.88) 12.88 (43.21) 43.24 (14.50) 14.52 (5.25) 5.23
ZnWge26H,0 (2.04) 2.03 (0.88) 0.87 (5.98) 5.98 (51.58) 51.55 (15.15) 15.18 (4.87) 4.88
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Table2 Binding energies of electron in the inner shell of constituent elements for ZnwW,,
5 Si 2py» W 4f4, Mo 3ds, O1s Zn 2pgp Zn 2py,
ZnW, 101.42 35.51 232.69 530.42 1021.75 1044.78
ZnW, 102.01 35.69 232.87 530.60 1021.76 1044.83
ZnW+ 101.51 35.46 232.56 530.24 1021.67 1044.45
ZnWy 101.42 35.42 232.74 530.33 1021.77 1043.87
ZnO 1021.70 1044.70
KSIMo3, W, 102.85 36.85 234.00 531.80
KSIMogW, 102.45 36.20 233.55 531.60
KSiMo,Wg 102.73 36.52 233.71 531.82
2.6
W dl,
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£ 254 2
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E z
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< 1 S 30
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Figurel XPS spectraof ZnWs
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Figure 2 IR gpectra of (A) KSIMOy,- W, (&a—KSiM0y3 W5,
b—KSiMogW,, ¢—KSiMogWs, d—KSIMo,Wg, e—KSiMo,-
W), and (B) ZnW,, (&—ZnW,, b—ZnW,, c—ZnWs, d—ZnW,
e—ZnWo)

BT R, PRI, SiRRATUITEL.

TEPTH M ZnW, RA 2 702 6 )8 & ARG W ah
TG, AT pe(M-Op-M)HEHT, 1 pas(M-Oc-M) i
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FEEBT 2 5N, 512 &8 A SRk
B M-O-M-O-M-O; 41 1 (1) 41 1 75 JG ¥4 F
M-Oyp-M-Oc-M  ZH BRI AL[] 7S TOH 7= A AN ) R B e A,
L2 AT S R L0 A0y (AR s FE BRAIG, [ ] 43 3
AN, WITE Keggin 45 Mtk 4H4S 2 4 8 & A %
EWIT, A G E BN ya(M-Op-M) AR AT /N, L
HAE ZnW, RIMEEY T va(Si-O) i i . Ao
FERRKIA pas(M-Oc-M) AT ISR 51 = 435 (UL 2).

Bl 3 ok S MR JG ZnW, I IR BE . (i 3T LLE H,
SV JT ZnW g 1) IR S5 I AT R A A A4k, W LA
RN A AR E, R R AE S, TRAE ZnWy,
ZnWs, ZnWy, ZnWy 75 5N T 5t HA ARBLRIRR 28, H
R ZnW, RV RN T BA BRIt
EVE.

7s(M-Oq)
}/as(M-Oc -M) b
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B3 ZnW, R WHTE I IR 1% &
a— RV T b— RN 5
Figure3 IR spectraof ZnW, before and after reaction
a—Before reaction; b—after reaction

2.4 XRD 734

ZnW, RAIHLEIH) XRD WK 4 . HE 4
ATUEH, 5 MEZ 2 eE AR GYHIRE T Keggin
£ ¥ A U T34 R R RE AT S I 1K) 260 47 B SOk
A= E—E . N KSIMo1oW, 55 ZnW, F 4 T
[ EEAEL (d) 2 AT BLE (L 3), IX AT REZ T3 12
Rt Mo® WO NG L L AR B T Zn® G, f
A2 W B 1 (R AR e A — S T W A T 5.

N T 5 RN G AT R E AR, BATTR
NG ZnWo [f] XRD i B 34T T L (LK 5). H K]
5 AIA, SNVHTE ZnWo FURFAEAT w47 B R R AR e,
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F3 ZnW, (5 1, 2 7T)H KSiMoyoW, (55 3, 4 47) ) i T 1A #E d
Table3 dValuesof ZnW, (two top rows) and KSiMo;,oW, (two bottom rows)

20/(°) 8.607 8.831 9.445 9.763 0932 16468 17.692 19.783 28562 28912 29.600 33.797
d/inm  1.026552 1.000527 0.93558 0.90526 0.88987 0.53786 0.50091 0.44841 0.31226 0.30856 0.30155 0.2650
20/(°) 9.127 10.094 10.738 15212 18756 21.691 26,559 30.854 36.330

dnm 096812 0.87563 0.82323 0.58196

0.47273 0.40938 0.33535 0.28957 0.24708

I

3

|

L
cfefolct o

26/(%)

B4 zZnW, ZFLE XRD i &
Figure4 XRD spectraof ZnW,
a—ZnWg; b—ZnWs, c—ZnW5; d—ZnW-, e—ZnW,

SR FE IS, [FIFE ZnW,, ZnWs, ZnW5, ZnWo 7T Y.
G HA AR . R RNG ZnW, RIS
/T

» a

%MWM
T T T T T T
5 10 15 20 25 30 35 40
20/(°)

Bl 5 ZnW, X N5 XRD i &
a— R VT b— RV
Figure5 XRD spectraof ZnW, before and after reaction
a—Before reaction; b—after reaction
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JF, BT BE R YR T E 4 8 3 TRk R v R 1R T
L~ Mk S Y5 T B2 52 P10 119 Ay BH 5 1 B BOAR JE N
T2 W BT A 4 L

ZILE &R T ARGV LME RN 2 iR, A
DRI ZA T, A S RIEFRE, MIXRE RS
SETTIS Y, A AR ST AR AR I e T T AL R
JCE MR,

AL L) e O R AR AR R A A AT ik
FE (B 6 fiR):

o
A oncocn,

CH,CH(OH)CH; —

—— (CH,=CHCH,
Fi 7K 2 ’

Bl 6 S NmE U R N R P AT 1R

Figure6 Two paralel processes of 2-propanol reaction

PRIE, 1 AT, 202 <6 ) & Uk S AE S I I
AR B N R HH B RE AL R A5 L.

ZnW, RN ZITCL G IR & AR S0 5 U
I PR SRR LA 4,
R4 ZnW, RIVL ICL G a5 RS 0 7 R S R

fEALIEYE P
Table4 Activity of ZnW, in the reaction of 2-propanol

" PRI F % 7S]
L Al 2
P g A2 1%

ZnW, 10.21 73.53 83.74
KSiM0y oW, 9.23 45.17 54.40
ZnW, 8.43 62.65 71.08
KSiMogW, 10.47 27.70 38.17
ZnWs 8.70 62.63 71.33
KSiMogWe 11.12 50.66 61.78
ZnW, 8.41 41.56 49.97
KSiMo,Wg 12.72 21.73 34.44
ZnW 7.03 50.84 57.87
KSIMo,W1g 7.02 10.89 17.91

P % 4 T=290 ‘C, p=0.10 MPa, t=40 min, Nspu/n- =1

HiZ 4 n W, SAEHLESREE e WL,
Zn? HUAR I A A A S 7 A 6 R v, X A R
B8 T REN WA MR A AN PR T, A
P, P AR T EANILE, T A A
KRB, 7 Ay SR b R RIAT N2 Zn? i %2
<o SRS W TR I OB PR 2T AR 0, R AL g A
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Figure7 (A) Py-IR spectra of KSiIMo;,oW, and (B) Py-IR spec-
traof ZnW,
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Figure8 NH3-TPD spectraof ZnW,
a—ZnWo; b—ZnWy, c—ZnWs; d—ZnWy, e—ZnW5
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Figure 9 Selectivity of acetone as a function of different ratio

of Mo/W
Conditions: T=290 C, p=0.10 MPa, t=40 min, Ni-pon/Nsir=1
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Sa—NEIEPEE; So—TNME R, Conv—RINEEFEIL%. RNV &AF: p=
0.10 MPa, t=40 min, Nsypm/Nax=1

Figure 10 Activity and selectivity of the 2-propanol reaction
over ZnW, as afunction of reaction temperature

Sa—selectivity to acetone; So—selectivity to propene; Conv.—conversion of
isopropanol; Conditions: p=0.10 MPa, t=40 min, Ni.pron/Nair=1
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