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Fig. 1 Schematic diagram of reaction device
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Fig. 4 Effect of temperature on the conversion of

sodium thiosulfate
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Fig. 5 Mass balance diagram of sulfur
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Table 3  Elemental analyses of TiO, and MnO,@TiO,
before and after the reaction
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AL
Ti 0 Mn HAh
TiO, 59.3 40.0 0 0.6
MnO,@TiO,ffi T 56.9 39.9 1.9 14
MnO @TiOffHIG  58.6 39.9 0.2 1.3
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Fig. 6 XRD patterns of TiO, and MnO,@TiO,
before and after the reaction
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§ MnO, @TiO, ffi 1 J5 9 XPS 3% [, & 7(a) 4 MnO,@TiO, & iRl J5 B9 4% K . Al LLE 1, [
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Fig. 7°. XPS spectra of MnO, @TiO, before and after the reaction

Sk ff 5 AR TR 2R T Min M. X Min2p 3% B #EAT 40 LA (81 7(b)). Mn2p B3 K B9 5 2477 A
2 N33 . Mn2p,, FIMn2p,,. i HT /G MnO,@TiO, 1) Mn2p,, AT 14 3 4N 06, 150 B A Ak 7 26
216 2 M 5 89 Mn, 43 91 %F % Mn?"(640.4~641.0 €V)., Mn*(642.4~642.7 eV) LA }2 Mn*(644.1~
644.6 ¢V), 1E 646.6 eV Ak L AF 16 . Mn® il Mn* 19 45 4 68 W] W & T 3 98 {H (641.7+0.2) eV Hl
(643.0+£0.2) eV X Bh4E A fE AU IR A% 2 i MnO, 5 TiO, # KA BEAE S50 . 8 T xHEfL I %
T Mn A ARG LI BEAT 73 B, XTELE R T By, G5 R0 ST 3R 40 AL T ET S Mo 5
T H o AE 8%~9% R FE A, Mn™ JR T 1H 43t il 46% T3 54%, 1 Mo* [/ B 45 H i 23% [ %)
16%. VA 25 V0, 76 Ie A 1k 2R 45 rp i Ak 500 36 M 32 B0 T 32 1 Min®™ 55 Min® 22 0] A FE AL 1 36
P P Min® e S A R, ) T R S VE A

# 4 MnO,@TiO, FFAHIE XPS £ R
Table 4 XPS results of MnO,@TiO, before and after the reaction
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MnO,@TiO, f# FH T 6404 6427 6446 5315 23 15

MnO,@TiO, # /5 641.0 6424 644.1 5313 16 10
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W (529.4~529.7 eV) ] VA J& T~ 2 I il 4% 480 O, TE (1 45 & AE AL i e ) U5 J 7 1 27 W BT 40 O(531.3~
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6 MR & MnSO, 17 /& MnO,, X 5 6 fCHE MR 81 (LR Br s S — 2

4) O,-/NH,-TPD 43 #7 o £k 371 2 T 40 < W o2k 0 = T T 1 2 i 4 A 3900 358 1 17 2 A T 22 1
. Kk H O,-TPD #f 5¢ MnO,@TiO, 3 [ XJ & < W fif 168 o ~— Mk vl #F O,-TPD Mk, KT
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NH, 6 B 06 , 158 B 2844 3% T AR Bf W 1 A7 o5, d 3R 5 7 o ff AT A9 MnO,@Ti0, 7E 100~250 °C DL K ffi H
J& 9 MnO,@TiO, 7£ 100~250 °C F1 250~500 °C 4 B & (% NH, JBi B . 100~250 °C A9 IK T NH, it Bt 06
J& T 55 R 57 A5 NH, JIE BF 04, 250500 °C- 14 55 ik NH,, I B e DU i 3 v 5 70 5 92 1 37 ) NH, JBE
BRF DA U170 S i o) 1) T 7R EE IR 56 1) N I TR B 04, 308 BH A 171 2% MinO, Ji5 i Ak 77 2 1T 32 22 0%
A8 PR LS A, T I 6 R A 137 4 2B L) Bronsted R 19 E A AE PO il A0 A AL ) H BT g Y
I IR NH, BiFffide , I B H 0T 220 B0 A e i NH, BB, 15 B MnO,@TiO, 76 FH J R P A i 14
i, #54 O,-TPD 255, fifi /R MnO,@TiO, 3 1 R 14 17 &5 i 3% i ] /i 5 =2 b 1 7 H MnO,@TiO,
T TR LA S A P
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Fig. 8 TPD-Profiles of TiO, and MnO,@TiO, before and after the reaction
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Catalytic wet air oxidation of sodium thiosulfate under atmospheric pressure
with MnO,@TiO,
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Abstract  This work reported the effects of the airflow, the temperature, the reaction time on sodium
thiosulfate conversion. In this process, MnO, @TiO, catalyst was prepared for the catalytic wet air oxidation of
sodium thiosulfate in high concentration under atmospheric pressure. X-ray fluorescence (XRF), X-ray
diffraction (XRD), X-Ray Photoelectron Spectroscopy (XPS), temperature-programmed desorption (TPD) with
NH, and O,, temperature-programmed reduction with H, (H,-TPR) and BET were used to characterize the
physicochemical properties of MnO,@TiO, catalysts before and after the reactions. The results showed that
airflow had an insignificant effect on sodium thiosulfate oxidation under the absolute excess of oxygen. Reaction
time and reaction temperature were two important influence factors of the catalytic activities. Reaction time
increasing showed a positive influence on the conversion of sodium thiosulfate. The catalytic activities first
increased then decreased with the increase of temperature from 65 °C to 85 °C. The optimal experimental
conditions were airflow of 50 mL-min ', the reaction time of 25 h, and reaction temperature of 75 °C,
respectively. Under the optimal experimental conditions, the conversion of sodium thiosulfate reached 96% by
MnO,@TiO, with Mn loading amount of 2% when the S,05* concentration was 10 000 mg-L™". The result of
MnO,@TiO, characterization showed that there existed various forms of Mn oxides on the surface of the
catalyst, of which Mn,O; was the main active component. The sodium thiosulfate oxidation process was
accompanied by the valence conversion of Mn*" to Mn*" and electron transfer. At the same time, various Mn
oxides on MnO, @TiO, surface proyided more active sites for electron exchange between S,0;>” and O,, which
led to an increase of oxygen defects on the catalyst surface. All these results proved the feasibility of the
catalytic wet air oxidation of thiosulfate at atmospheric pressure with MnO @TiO, as the catalyst. This process
provided a possibility for improving productivity and economic efficiency of pre-treatment technology for the
industrial sulfur-containing spent caustic solution.

Keywords MnO,@TiO,; sodium thiosulfate; atmospheric pressure; catalytic wet air oxidation
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