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Syntheses and Characterizations of Aqueous Catalysts
Including Iron Moieties for Wet Oxidative Decomposition
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The Fenton reaction, as an oxidative decomposition method, is effective for the treatment of industrial

wastewater in spite of problems of generated iron oxide waste. To resolve Fenton reaction problems, we developed

polyoxometalates (POM) including iron moieties as aqueous catalysts. Results show that hydroxyl radical was

generated under the condition with H,0,. Benzene solved water was degraded up to 95% by batch method using
POM including Fe(Il) and H,0,, although it was insufficiently degraded when using POM including Fe(III).

However, its catalysts including Fe(IIl) were able to degrade benzene using electron-reduction method, just as in

the case of using POM including Fe(II). It was necessary for this decomposition that iron moieties be present on

the POM surface. Advantages of these degradation catalysts are that reagents are cheap and their handling is easy.

We proposed this degradation as a new methodology for reducing levels of other hazardous organic compounds in

human surroundings.
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Fig. 1 Keggin-type POM
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DMPO (5,5-dimethyl-1-pyrrolin-N-oxide) 10~ mol/L

magnetic field 336.5+5mT
power 4 mW
modulation frequency 9.43 GHz
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column [VOCOL (SUPELCO #£:4Z 0.32 mm x 60 m, 3.0
um], XPS 73 #ri& (K¥k) 7 VN w 7« 7 7 1 & PHI
5600CL, ¥ 7z, ICP 7p#Ticid (#k) BHBERTEL I1CP
FEEITIC T HEE ICPS-2000 %, IR Z3Hricid (#k) H
AEE T8 JIR-7000 %2, EDX DHTICIZT AT v 7 (k)
#1 GENESIS4000 7z ZNZ N7z,
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3.1 POM DERK

3.1.1 POM D&KL &M H KT «OH DAk
9, U—RmEORBEZHNE LT, #ikzad
POM D &K EITo T2 T %, HINE T % PkiE ek
& 24~96% DU TGz, £z, ICP RNz
AWT, BREHEER DL 25 X72. POM D H K
% - SEftz £ 29T Table 1 IT/RT.

ICP T DFER KD, P &ML &) DLbix, —fik
M 7% Keggin B D 1:12 Tld 7% <, FeCl, *® Fe(NO,), 7%
W5 E1E 1.9, FeCl, DAIF 111 THB T &H
bhote., BFEZEWT &I, [FA U Fedll) O FeCl, &
Fe(NO,), Tld % 2 G DSHAMNAER L TV 5 L #ER

Table 1 X-M-Fe ratio and Amounts of hydroxyl radical

generated by using POM.
POM* Reagents  Yields X:M:L** - OH
o0 (mol/L)

skokskok

(a) P:Mo:Fe FeCl, 86 1:8:1 10°
(b) P:Mo:Fe FeCl, 90 1:10:1 trace
(¢) P:Mo:Fe  Fe(NOs), 24 1:8:1 10°¢
(d) P:Mo:Ru RuCl, 87 19:1%%* n.d.
(e) P:Mo:Os OsCl, 96 81 ¥** n.d.
(f) Si:Mo:Fe FeCl, 70 1:8:1 10°¢
(g) Si:Mo:Fe FeCl; 73 1:10:1 trace
(h) Si:Mo:Fe  Fe(NOs); 46 1:8:1 10°
(i) P:W:Fe FeCl, 32 1:8:1 10
G) P:WiFe FeCly 26 1:10:1 trace
(k) P:W:Fe Fe(NOs); 33 1:8:1 10°
(1) Si:W:Fe FeCl, 24 1.5:10:1 10°
(m) Si:W:Fe FeCl; 47 1:10:1 trace
(n) Si:W:Fe Fe(NO3); 92 2:10:1 10°¢
(o) Si:Mo:Ru RuCl, 87 19:1%*** n.d.
(p) W:Fe?) - 90 12:1 n.d.
(9 Mo:P - 90 11:1 n.d.

* All POM structure was decided by IR spectroscopy.

**%  X-M-Fe ratios were decided by ICP spectroscopy.

***  X-M ratio was decided by EDX spectroscopy.

*#%% Concentration of each POM was 107° mol/L with
107> mol/L H,0, and 2.0 x 107> mol/L H,SO,.
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KD, Z0OH LR EZRE L. WEICIE ESR
AE Y hTw TiEER W, ZORE, Fed) hbHH
& U7z POM (& 10° mol/L £, Fe(lll) 5 Ak L 7z
POM (& trace 5D « OH 4 EH 5 T b h o 7z,

Fe(NO,); 2 AWV TERK LTz POM IZ DWW T, Fe(ll)
MHEE LT POM L [HFEED «OH ‘LR TH - &
(Table 1). POM(a)(b) D2 & LT Fig. 2 1IC/RY.

3.1.2  XPS 5t

5, FYMIVERICBT 2HOEHEL5 2B
28I, POM(a), (b)) BXUHEME (KK ) TH 5
H;[PMo,,0,](1) D XPS p#iZ 5 75> 7. TORER
Mo, SEARKOE FIREBIGEVWDH 2 Z LIEBDH 5
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z|
=L
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Fig. 2 ESR Spectra of Fe substituted POM.
Magnetic field: 336.5 £+ 5 mT, Power: 4 mW,
Modulation frequency: 9.43 GHz, DMPO(5,5-
dimethyl-1-pyrrolin-N-oxide) and H,0, and POM
conc.: 10° mol/L
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Fig. 3 XPS Spectra of P-Mo-Fe POM.
X-ray radiation source: Mg Ka, Power: 400 W

Nh, Fe DFTIRBICIRKEREVIRSNED -
felz®, e RaFv 54V («OH) ERRICBWT, 7 =
¥ F VRIS D Fe ORLECRREDHEIC X 5 F 5
DEIC OV TIEHFIT E &b - 7z (Fig. 3).
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&> TEITEN, Mo(V), Mo(VD) WMIEFIEILL T
WAHIREE (RGLTWAIKEE) TH S Ll N5.
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Fig. 4 Changes of concentrations during benzene
degradation by POM substituted Fe.
0.4 mM POM solution in 0.02 M H,SO,, 100
ppm(1 mM) benzene and 10 mM H,O0,, (j)’ was
done one electron reduction at =400 mV vs Ag/
AgCl.

TGRS BT ML 5H, Fe&' ZEA LK
FHRICDWTIE, ZOEMZmIzLTEHD, WREd %
SOSHHEITLTz & EZ BNS.

LTAT, RUBRHILE TN LEZTFETLE
R<HIBENTWE P, 9xbh, il LT BT
RAETRIRAEAL, EocHIM T OBREZ R b A bE TV 5.

Z 2T, SRIEAEKRUIEAROE LG Z X 51
b BIdic, BEXULPNFEZHWT, kA KZ
B, ThzHWTHRERZITS T LZ2ild .

X9, AalLtkoERILAlEzB koL
TA, BEVITT UMK, 2T AT UKL ICETT
EHR SN, BRIEZMETCTES T Ebh ok
ZT T, TYUTTFUHEEKIIDOWTIE 100 mV vs Ag/
AgCl TR VT AT VAT DV TIE —400 m V vs Ag/
AgCl TiEeziro &l L.

ZORE, Fe(lll) ZHMAK () lcDWVWTE LRl
TEC L%, e Rado 5V h)0 («OH) fillft & LT
W2 XYY DRRZITH T M TET (Fig. 4).

—J7, RPN HENT, Fe DFLGDHEZE X
D EEHNC N B T2 DI L R OEBR #1175 7.

Fe L [AED Ru S5 (d) CE RO EEZIT-o72 &
Th, () (@) &BIKIFEAERYE Y ERRT ST
ENTERDo . Tz, Fe XL TIE 7R BEAN
fhcd v, MOEFIREMUITV S Fe NalBIEEA (p)
ZHOTARY B YO MERZB A>T, T O
R, ) BRUESUL PR CZB TR 2 (P) W
EE, FEAERVEVEINRTEHZTENTEED D
7z (Fig. 5).
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Fig. 5 Changes of concentrations during benzene
degradation by POM including Fe or Ru.
0.4 mM POM solution in 0.02 M H,SO,, 100
ppm(1 mM) benzene and 10 mM H,0,. (d)’ was
done one electron reductions at 100 mV vs Ag/
AgCl, and (p)’ was done three electron reduction
at =500 mV vs Ag/AgCl.
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9B HIC, KICATERESH POM Za L, €D
FREREG 2 35 T 72 o 2. 195 7z Fe(1l) $H{AZ FIL T,
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