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Abstract: Large-sized and macroporous SiO, was used as a new support in which SnCl, and SbCl; were introduced in
solution state and then converted into nano-sized Sb-SnO, (ATO) through two-step hydrolysis and subsequent calcina-
tion at high temperature. The structures of the new materials were characterized by SEM, HRTEM and XRD, and the
properties such as specific surface area and conductivity were also measured. The new materials have been served as
macroporous anodes to study the electro-catalytic oxidation of complexes containing metal ions such as Fe, Cu and Ni.
The solid products from the oxidation of the Fe complexes and Ni complexes were identified by XPS to be Fe,0;-xH,0
and NiO, respectively, while the product from Cu complexes was elementary copper. The measurement of the content of
metal in solution by means of atom absorption indicated that above 90% of metal can be recycled from the solution of
the corresponding complex. Through measuring the COD of pure ligands during oxidation it was found that CN~, SCN™
and EDTA can be degraded to produce less harmful substances, the final COD reached to a very low level. Further-step
investigations indicated that SCN™ can be desulfurized in the macroporous anode to produce CN ™ and sulfur. Since both
of S° and SO  were found in the mixture of the products, it might be implied that a disproportionation reaction of the

resulted sulfur had been induced on the surface of nano-ATO probably by strong effect of polarization.
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2. R
2.1. SiO, HiiFxavEl&

B 16.0 g REMNE 18.0 g T 2 1000 A1 14.0
g W 2000 A, UL 4.0 g — 20 =N E A,
£ 70°C R B3 h, 1331 —MEA =405 3040
MZILEEY. ¥ LIRSV 60°C T4 2h
J&, RITEIERERRIY 4069 3 h, RJ5T 50°C Pl
£ NH;3-H,0 [ 12 h A IERERR DU 2,56 76 73 7K fif
AL Si0,, 75 60°C R4 2 h 5 BT 5 364 s g,
ZREEMENSRES RKEWERIMNE . RAF—FEm)
KAL Si0, #ofts, AN TR WLSCHR[13,14].

2.2. ATO/SIO, BB K& K& FHEMNE

¥ 16.92 g SnCl,-2H,0(25.00 mmol) 1 1.90 g
SbCl; (2.78 mmol)iAfRAE 24 g Z —FEFIECE ATO %
W, FIMAZIES ATO IR &3 EIFT % IR0 IR
(ATO W5 CIEWARRILE A 5:3). ¥ iR Sio, #ifk
FEFT BRI P AR 40, U S 7E 80°C LA kL 2 h,
SR G AE S P NH3 H,O U T 60°C R IJZKA# 1 h,
SERENIIIRIL KA B FE S 7E 208 R CE 1 h,
SRIGTE 1 M IR E/K IR 1 h AT 38 —UOKAR. 3%
P HIE K R E G ISR A E T, RE1ETK LR
HZIR IR, (B FLIE PR IK 0 3 S REE 3, DT
JE i FE AR R T 5K e KALE SRR ER . 56
TRWCHEFES, OB SESER ISTED IR B,
WE LI HIRET N 1) fR%FF 200°C 54k 30 min, 2)
200°C J+ 400°C $45 40 min, 3) f#3F 700°C B4k 30
min. I A S A AL U B, TR Sb
$7% Sn0,, XPS L4 R R, ATO 1 Sb 5 Sn [f)
JRFHCR LG 1:8.8, R RIS IRk vl DLk 7 2 Ik fi
. W ATO FI& &,

SHMENE: 7ERFN 6 cm x 4 cm x 0.4 cm HIFE
PR AR S R AR Ak, 5 SRR R
[ A f5 I F BE T B AR LR

2.3. ATO/SiO, BB M BE R F=4E

KH ISM-5600LV Y49 H 155 (SEM)M % ATO/
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SiO, HUARIIESN, Ik 5 kV; KHEE FEI
v F] Tecnai F20 2754 #% 1% 4 M1 85 (HRTEM) W 52
ATO/SiO, HLHR MO ES 44, i 48 78 73 WIS s FRAE &
WA R P 23 30 min 5, 7EER BRI R4 T 5E 7
#1; SR Rigaku D/max-1200 BBy AR X-SHEATHU(XRD)
FE IR N ERES A, CuKe 3854 = 0.15406 nm),
Ni JEUR U8, RN 30 mA, HLUE N 40kV, T4
Yl 20 =10°~60°; X JW-K H L R AR LR A5
DA AL SRS = TR 2 AR FRA &) SRR S i B
RIMABAT 204, RS E BB N IN#AE] 150°C JIf
YEHF 4 h DLEBRIESIR PR, SRJGTE 77 K FRHT
W5, ) BET At H IR

24. BEEEYIREERL

TEARSZIGH, FHIA A ATO/SIO, FAR (R
N 6cmx4cmx04cm), ATO &8N 75.3 wt%,
BRI AT N 6 cm x 4 cm x 0.1 cm), BH#%
FIBAML A EE RS 52N 2 cm. 7EHLRRE I 60 mL
e B P K R (AR NI e S A ) o Fex(SO4); 5
NaSCN LA 1:6 [ EE /R ELIR A 1 % [Fe(SCN),]>, CuSO,
5 EDTA Z8EE 0L 111 R RELIR &1l #% Cu-EDTA,
NiSO, 5 EDTA 4#HEELL 1:1 fEE/R ELIR & % Ni-
EDTA, HARMALEPETE Ki[Fe(CN)g], Ky[Cu(CN),]
FKG[Ni(CN) #2643 . FF ATO/SIO, IR 78 77
TEE 5 e B Ae s R, 7ETEE R (— R 1.0 A,
HLUE A 4~7 V) N AT HURR, 78 AR R o e i L 2D
IR

H HG-9002 B! FWR e 73 66 BETHLBH AR kS
BEACHR AT TE I ) I R R P S T TR B P SR R
ERI NS AR, WSO R AR B AT, AR 7 A BRI
T4 J5 P 92 [ 1) &% 3 /Kratos AXIS-ULTRA DLD 7
ZIJRE X PLICH T REEXPS) AT AE s, 2RI
Al Ko(Mono), 150 W(10 mA, 15kV). WE7E L E
M=K QR 11 IR A IR, W R R A FE
KRFHEHIR T B2 TR 5 A5 A5

I TR 0 e v U OV s e SR A o AR AP R AR P
A FE A =
C(V, -V, )x8000

\Y

S

b C BRI B He b v 22 VAR BE (mol - L),

[COD] =

(D
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Va ARIHL(C = 0)BURFAIR TR B ) P A (B
Vi = 0) (L), Vo J8 HLGRRE 2 VG 1 B B
ARUmL), Vs BUEEERAR(mL).

I LR (ICE)!:

[COD] —[COD] +At
FV
8IAt

ICE =

2

o [CODY - o WAt = 0L T A & (g0, L),
[COD], A t B ZIL % 75 S & (g0, L"), [COD]x o N t+
At 2 R R B (g0, L"), 1 W HERI(A), FiEh
HHH(96,487 C-mol ™), V HURIBAEFA(L).

3. &R5Ve
3.1. ATO/SIO, BRI S B4

IS = AL O R 20k, IR =4
FURMIFLIE, HALBRRIET] 90%LA I, LhRiH Fik 3]
130 m*-g '« 7F SiO, KFLE M Lk 4T 1~4 I ATO FJR
R, $/15 17 ATO & 257 7N 41.1 wit%e(1 X513
66.5 Wt%(2 X 1%%) 75.3 wt%(3 X ER) A1 80.2 wt% (4
RO ATO/SIO, KALMEL, Bl 1 H1(b)~(e) 73 7l 2
‘EATH SEM [ Fr, ATO fki i) R BEE ATO & &I
BIMAE] 10 nm 3K F] 50 nm. ki IHESIE ATO
TN 41.4 wt% 1 66.5 wt%el NS, BIFE AT
TOREZ R] RS20, TER T — SRR, & ATO
RS, ST R AERE, WA 1(e)r]
DAER] 4 IRGFENT ATO JER “ifH 7 RE5H, gk
Wi 2 WA Si0, FE AR, £/ 7 B aT LS i &
F| ATO/SIO/ATO =2 I gk . [ 1(f)fe ATO &
N 753 wit%(3 IRFE) I TAE ARG 2 ik
PLIIAFNR G SEM [ A, HRHEIHEAE W&
Ak, £ ATO YUKPR S AR E 4S5
PR, WA RAEREIS . B 2 & ATO &8 753
Wt%(3 IR IRE S ) HRTEM B F . B 2(a)fT R
(e ToE T A Z RT3 T2 ATO 44
Ko, BORJERIE 2(b) ERTEAEH] ATO fldi K
INZIFE S nm 2] 10 nm JEH, P BO0E BB 2(c)
TR T ATO fltds W7 1A FPHESI(L10 ghtin, HES
HERITEE S 0.33 nm). SRR Sl G ik F B e 75 %
BRALEE, (HATAWLEERI ATO MihdeA EHRRE S 4
WRESAIE—E, RADH BRI ATO s I, X
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(a) SiO BEHL; (b) ATO (41.1wt%)/SiO5; (c) ATO (66.5 Wt%)/SiOx;
(d) ATO (75.3 wt%)/SiO; (e) ATO (80.2 Wt%)/SiO»;
(f) ATO 5N 75.3 wte ) FaMA% i J5

Figure 1. SEM images of ATO/SiO, macroporous material
1. ATO/SIO, KFL#HIH SEM B R

A1)

R == ;
(a) ATO (75.3 wWt%)/SiOy; (b) JH K a ; (¢) JEOKH b K

Figure 2. HRTEM images of ATO/SiO, macroporous material
2. ATOISIO, KL N IS 28 TEM B

FB—UGER T ATO 5 S biEM4 & R 4R . X
FRAUK R 5 9K 2 =45 & 17 UOREBEE 2L
P TR TORL I A AT Ay, T HARAS T MRk AR e
P,

Kl 3 hi(a)~(d)s& ATO FE 778 41.1 wt%(1 IX
B138)~ 66.5 wt%(2 K A13) < 75.3 wt%(3 K fi k)l 80.2
wt%(4 )P TYASFE SR XRD Bl FTA FF i 2
R RIAL B 5 DU 5 &40 A A SnO, FIARESHE — 3K
(F%5: 88-2348), XEMELMIBIWA L SnO, 1)
s A RS, N XRD B EFFEA KIS
Sb AN AR, T XPS HdE H B R A A 24 1)
Sb JLRAFAE, XYLH Sb Ji 7 LLE sl IB R 1 77
HEN SnO, fPl. Si0, Hik R E M, A RTH
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(a) ATO (41.1 wt%)/SiOy; (b) ATO (66.5 Wt%)/SiOs;
(c) ATO (75.3wt%)/SiO5; (d) ATO (80.2wt%)/SiO,

Figure 3. XRD Patterns of ATO/SiO,
macroporous materials
3. ATO/SiO, KRFL# B9 XRD ik

g, HAE20= 234 MBESNAEATEE, S50
Ti&AT A SnO, (101G S . AT 5 I - 06 55 I
BT ATO &RRLIRN), MRIEE 2 =N he
PG AT [ 2208 FE T ATO  [1-F3R4% 433 M
5.24 nm(1 X4 %), 6.13 nm(2 K #), 6.91 nm(3 Ik
TLE) M 8.69 nm(4 RHE) . XLEHERTEE S
HRTEM Mg 45 e 2V & .

RS S DL R R A e AN E
B RRTEAR . FEIREN—IRBIY K, PR S
YRR ATO &Epidinm S8t m, el
1000 +20 Q-cm(1 X 413%), 200 8 Q-cm(2 K H1 %),
70 +3 Q-cm(3 RAE)H 10 +2 Q-cm(4 K E), FEH
M FHEMES ATO ROhAH AR R E A K, &
AR ek NE K, &3t 3 IS, ATO/SIO,
MRHO AR B — B ZK T 100 Q-cm, FL G HMEE S
A LAY 2 A ERIE O ER . B ATO S &35,
R BERGEIE I, B AL SR AR 2 R
#, (HEFE ATO GKBRIA B 6 R A Tmk, Al
FLRTAABE ATO $EhnTh ~FEmiE AR, BAsuE
128+ 6 m>g (1 IKHEK), 108 + 4 m>g (2 IKFEK),
93 £3 m’g '3 IRME)M 77 £2 m*g (4 K E). K
1 L R AR K AL HAR—/NMRFAE, BRI FRA R P 14
MEIH, RMEHE ATO RHEE, HFUTREE
ML B, (R i T2 B9 B =2, HsEbR
(A FH AR R T SR T AR

32. %, . B=MEEEASUHNESEH
321 BHERPEERETFRENTL
4 5 LA R 4 BT U I PR T 1T /N
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Figure 4. Dependence of metal content on the reaction time

4. ERBEFRERER S KETE I i 2%

frith 2, T i 2 s 82 0 I B T A W A I A £
FE LRI TR T R B, RN A B A R A .
JRE T IRPE TR, EBUA IR 90% A E <
J& AT AAE — /NI 22 I P B 2 o Sl AR SR IE R
Be &2 v LA A 7 AUse Bl “ klefnfe” ,
iR —rmfE e E R ARG s A
WEA I R FE AR AR PE RO o X AP AL ER 5V
RN T B A AL 22K, AN R K R
B, MERERITRKN KIS, REARIRIL, Ll
FL B A N T T LB R K A BE B %A R R ). At 4
J e 0 B SR AL ) 2 R T < S MRS AR )
PSR UL BC SR 454 Al AN BESS HH B A 1)
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3.2.2. EEm S S

[Fe(CN)e]* FI[Fe(SCN)o]* HL AL J5 15 B i K 45
[ R 220 e 1 45 5 JEE B 2 IR,
XPS Rl 5 Fr, MHE B ANES 5 E T
Fe,O3 1) Fe2py fl Fe2ps,, #RHAIGERY], %[
PRI S 29 15%I007K TR R T 2 470 B3 248 1A% il
7 Fe,05xH,0. FLAI[NI(CN),]* #il Ni-EDTA 7E4& 1L
R LG AR ARL, B ST DA S BB AR B
CRAE S, BRI O FTA K ikt th, If
MER BBV, 2B RGNS SE R P 6 B, ANHfE
KB TG ) S NGO R Ni2py, AT Ni2psn,
AN 22 R AR v e e AT S A M) NiLO, B
AR IL R NiO. #lC &%) Cu-EDTA A
[Cu(CN), > HIH AL =M 5 T = AN, A 1
B S AE AR I S A B R A, X A R
HRBEAEAT X, 10 EA T AR U7 B AR B Ak .

Fe 2p
Fe 2p;), in Fe, 05
Fe 2p,/, in Fe,04

Intensity(CPS)

74.10 73.5 71..%0 7é5 7éO 7:;.5 7:;.0 7(.)5
Binding energy (eV)
Figure 5. XPS spectra of the solid obtained after oxidation of iron

complexes

B 5 SKEAUSLRFIEFN XPS &

Ni 2P

Intensity(CPS)

890 885 880 675 870 865 860 855 850
Binding energy (eV)
Figure 6. XPS spectra of the solid obtained after oxidation of

nickel complexes
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19 U8 B 10 2 5 A7 SRR PR e 5 420 76 F S AL e
A S AU 12 A EDTA IR &% 2 U,
{ELRE Jr A R AR I BV P R BR R AL S A — S AL Bk
B, X H S R S A AR R AR T
“CREAIL” DR, BB )RR T R
o ERTTED N RSP SR N2 57 TR,
REE Bt R AEE VE M B il AR il 7y, 0 e R UTie
Al TR AT W, MUSAEUTIE) TP AR AT RE TR % HiAt
It T

3.3. Ei{k EDTA 1 NaSCN WYEESE £

N T RERE—D T RECAA I B A R, R — A
WEFA ML SR B, FRATTR P A 2 A
(COD)H 7 V22K R it e e S A R R« &1 7 FidAR EDTA
1 NaSCN 7E AT FEH COD 2B 6 K2 5 iy rEL I A%
R(CE)FERT (a2 1L i 2k, - EDTA. NaSCN ff]
EIRWE A 1 x 1072 mol-L™'. 43 100 min HLf#,
EDTA Fl NaSCN ] COD Z &R IAE] 91.2%41
90.7%, X R FLAAR A T Y5 Y DL ) B
O LAMF R RS By . fERMAE RS, BT AN
W5 PRI AN R [, ATO/SIO, FRLUBE 4 R I Hia 378 2k
S A B (AR o DA S8 25 B 6 i B P JAE 2K 3k
E, KL ATO/SiO, HiA% EDTA. NaSCN HAH5H
1 R B iR 7D

BT 56 IE A PR M SR AL B T RORE TIC & 0 AL S 1)
FEEE . EDTA A4 7E s UL AT S 2L A WA 8,
S RS A ZE A E A S I 2R, i — P HE R AR
G L AN G S RERAN L RE AR L, E b=k
FRIRA G A KB A U, BB A =
EHWIRIRE 1. EDTA FRJE TR R s th &4
IRRHIARA, B9 2 AT 5 A XPS i, &1 1)
1S 456 e e G B R K B 7 RS 3, X 15 B 4
JEF AR B AT W SR, S U T AR AT P I 3
W HER:, RATTRERE EDTA ERIRIEBR, AT
TlR AL, T U5 T AR s e B Y e T A7

ARSEHGH NaSCN RIS RA KA R, il
LG AN A o] ALEE B R AR A K B e AT
[ VA R RS o 2t — B 1) A
TR T 4 ) D R R E AR B WSO R 1)
[ A=, F XPS B FRER = Ph it i 7 A AR TS
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Figure 7. Plots of COD removal rate vs t (a) and plots of ICE vs t;
(b) during electro-oxidation of metal ligand at ATO/SiO, electrode
B 7. EFEAEED COD KRR ()RR BRHE;
(b)BE 8] 35 L Bl Sk

Transmittance(a.u.)

4000 3500 3000 2500 2000 1500 1000 500
Wavenumber(cm™)

Figure 8. FTIR spectra of EDTA-Na, before and after the elec-
tro-oxidation

& 8. EDTA ZHih B S ILAT(2) /5 (o)A FTIR iEE

N1s

401.95 ev

399.61ev A

398.9 ev

b

408 406 404 402 400 398 39
Binding energy (eV)
Figure 9. XPS spectra of EDTA-Na;, before and after the elec-

tro-oxidation
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Ak, FAFRTEMRMIEGIEE . B 10 2o
W15 B NI EAY R Y S2p T Nis g, i
2p(BE 2p1n A1 2psp AN B R, TR AETER
H JERHE SCNFIEAL =7 SO, PiFlE 1, Nls i
IRVETH R T A JREL SCN AMESEAE CN /&
NO™ . & 11 MR BRHE Ha Al 9 3 ) B AR =4 1) S2p AW
Nis i, SH40 45 S, SCN . §* A/ &R SO, ,
R AR SCN Al CN-, ARYEIX L= A5
B FRATAT LAHERTTE e A R R AR R )
iz 1) SCN™ &5 T-7E FEAR A 3 R AR IR S BE, A2 B FRL ol
MBI CN BT, BEABRANE T/K, B R TE
gk ATO Kifi, 1 CN & FIEER P KB 2)
CN & FAER I H b F 2R L COY , CO, FINHG,
A1/ B NH; #5840 NO™ 5 3) FLRR P B A74E S*
AR, —E, £ AR R A
HAERAEIBIFIN, X RN A T B
R BE, B AR R THT R AR AR FH T e 5 35 A AR
WRBLR A, (E— 3 BRAE R S* (R XA —
AR T SOT , ARG B AR SOT
Bt i A EELAR P S (R T rp ™ A Ak il
H,S)e — MO INA, BHA™ A B3 P49 53 - OH 2
AR FEES S, ST K2 HEEFLYE B
5, BNWE BRI A B, AR R AR
I TTIRTSN, (RRX T RALEARIN S, BN E 28
B A AR B, BT LARR AR A FH Bt AT R
AT e X MR K AL B AR R R M BT TE

4, Zhig
TR FE T VK 15 L 8 A 5 1) 5 1 T DA

S2p

. 2- |

S 2p,;, in SO I
312 \4‘

S2p,,inSCN™ [

S2p,,inSO,” )
M S2py,in SCN
\

Intensity(CPS)

174 172 170 168 166 164 162 160
Binding energy (eV)

Figure 10. XPS spectra at S2p (left) and N1s (right) of the product

in solution

10. B0 S2p(ZE)F N1s(F)REE

34

S2P

Intensity(CPS)

174 172 170 168 166 164 162 160 158
Binding energy (eV)

N1S
CN

SCN’

Intensity(CPS)

410 408 406 404 402 400 398 396 394 392
Binding energy (eV)

Figure 11. XPS spectra at S2p (left) and N1s (right) of the product
in anode

11. EEAR IR BT =49 S2p(ZE)F N1s(H)RYskit

Si0, =42 FIE RIS ATO 9K S, B4
MR B 58 4 1T DA 2 F AR E Bk . R
BRUCFLEAR R . R =R SR L S T
SAALHE T, UE B S C AT DR I AR AR R AR
B BRI SRS, 15 90%Lh B4 E T LA
VWP EER, [FRF CN . SCN A1 EDTA B iR %8 AL %,
CO;7 , NH; HLFEMR, #— LA 5 kK
SCN 7E K FL A A 3 & A BB S B2, T A B ) B 7 44
K ATO K RAEE R, AR S*F1S0; .

5. Buis

PN SR T ST S AR EINE (R LS
VIR R S8 U o B A FRAE S50 hoRT AR v v ad 21 # 4
FFESRET, SPITHERYE S — A7) 5] SIAE Gk 1) 8. B
W1 P E RS BB % LA
RALBAE 1R B G ER  e2 a 4E . (el
2, PR AR B IR IR R 25 R LA ) 5K 3 5 T !

BTE R 973 AL II(ZE4S 2010CB635116)
{1 5% R T 3 R SRR I R S PR

e, B ACRE— I BEAE I SCHE, AT TR
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