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Abstract: Rapid industrialization has resulted in

300C CO+H,
significant gaseous sulfur dioxide (SO,) pollutant 99.8%
. . S
emissions, which come from power plants, s
. . . . DBD plasma 2
petrochemical industries, and metallurgical plants. + 2
>
This toxic, non—inflammable, and notorious pollutant :Zglr;ﬁls S
poses a threat to ecosystems, contributes to acid rain )
formation, and leads to the corrosion of equipment and ]
. . . SO, + CO/H, DBD + DBD +
infrastructure. Catalytically reducing SO, to elemental | (@ DBD | 1co. Fer,0, LaCocsons0s

sulfur, which is a benign and valuable product, in a

reducing atmosphere is a promising solution. It has gained considerable attention not only for the SO, emission
reduction, but also for the resource utilization of SO, waste gas. In this study, iron doping perovskite materials
(denoted as LaCo,¢Fe,,0,) were synthesized by the citric acid induced sol-gel method followed by calcination at a
certain temperature. The material was subjected to oxygen—free sulfurization (which is denoted as OFS-
LaCo,Fe,,0;) and oxygen free sulfurization under dielectric barrier discharge (DBD) plasma conditions (which was
denoted as POFS—-LaCo,Fe,,0,). X-ray diffraction (XRD), Brunauer—Emmett-Teller (BET) and scanning electron
microscopy (SEM) were used to analyze the structure and properties of the catalytic materials. The performance of
sulfur production by DBD thermal-catalytic reduction of SO, under CO, and combined CO and H, reducing
atmospheres was investigated, together with the by—products under different catalytic materials and varied reducing
gas conditions. The XRD results showed that both OFS-LaCo,Fe,,O, and POFS-LaCo,Fe,,0, maintained the
perovskite crystal form with a weaker decrease in peak intensity compared to LaCo,Fe,,O,. After catalytic reaction
with SO,, the XRD pattern exhibited other weak impurity peaks. With CO reduction, compared with DBD reduction
alone, the combination of DBD plasma and the catalyst increased the SO, conversion rate from 82.3% to 95.0% at
450°C. In addition, the SO, conversion rate reached 99.8% under co-reduction with CO and H, at 300°C . The H,—-
TPR results indicated that the reduction peak of LaCo,¢Fe,,O, showed better reducibility at lower temperatures
compared to OFS-LaCo,Fe,,0,, which may contribute to the increased SO, conversion.
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3 B 1k (OFS-LaCo, Fe,,0,) Al 41 5 B $% ji Hi (Dielectric Barrier Discharge, DBD) % & T & % 1 T 19 & & i 5% 1L (POFS-
LaCo, Fe,,0) 40, M X SHEEATH (XRD).  ECE MRS I (BET) A3 fL 1 2 3 (SEM) A5 20 B - BOWE 5t 7 A AL AR 45 44
AMER . FR, %27 COMHEESM T, DBD MR SO, # &t fE . XRD 458 %€ W, 5 LaCo,Fe,,0, M,
OFS-LaCo, Fe,,0, 1 POFS-LaCo,Fe, O, [ E5 A 75 U 5 FE 95 PR AIK,  HAEA RS E LR gg i A g . PR Re iR iE, AH
MRS TR T CORJEAR R, DBD S5HEMFILE & 77 AT# 450°C T SO, % L3R M 82.3% $2 T+ 2 95.0%. Bk4h, COFI
H LB R AE R, 300°CHE SO, B LR B #53r 99.8%. H,-TPR &5 R KW, LaCo,Fe,,0, ik JF A Lk OFS-LaCo, Fe,,0, F A &
TG R, XA RE IS SO, F AL E I IR A .
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FOKR L WA SR N A i, T 1 e AR A T
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LaCo,Fe,,0, FI& 7 % : ERFRELS.5 g /S KAl R
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K TINE R i — DR . e id 2 B 2°C/min
(1 R AT, i IR 3 600°C B, 4ERF 1R E 2 h
32| HF5/=#) LaCo, Fe, ,0;-

LaCo, Fe,,O, AT To A Tl AL 7715 44 2 g (30~40
ENDEACTIE T P42 8 mm [ ] 52 AR A 924 I B g v
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1. Ground electrode 2. Catalyst bed 3. High voltage electrode 4. Reactor 5. Cold trap
K1 (a) DBD 458 114 S R FlI(b) 555 AL SR SO, S B PP A 4% B e ]

Fig.1 Schematic diagrams of (a) DBD plasma reactor and (b) plasma catalytic SO, reduction reaction evaluation device
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Fig.2 XRD patterns of perovskite and presulfurized catalysts (a) before and (b) after the catalytic reaction
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SRR AR AR R S17a B plp,=0.7~1.0 WA A H3 L
IR, R S A AEAE B AN K & A SR BT TR B AN A
Flo DI T RE B HE R T AR (Sper) ~ LA S ALAR A
MG . BT FE S 0 BET b2 1 #7190 Fil 7E 9.47~13.75
m?/g 2 i), BJH (Barrett—Joyner-Halenda) i Fft 22 i FL 75

100
90 ey
80
70}
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20

Volume adsorbed/(cm3/g, STP) (a.u.)

10 [ LaCoggFey 204
0 n 1 1 1 1 n 1
0.0 0.2 0.4 0.6 0.8 1.0

Relative pressure, p/p,

7 0.085~0.105 cm’/g 2 [a] , BJH it Bt "7 %1 5L 12 40 N
23.84~26.55 nm, X L L R A 5 AL 5 A0 15 5 i
845 44 LaCoO, " MIFF . (I B MAZ , BB TR
A FR AR AR L e R T AR FL A S5 L T B R R
A R R A5 B8 7 R 14 5 H o AL 7R o BT B

0.4
I (b) POFS-LaCo, gFe, ,04

g OFS-LaCo, gFe,,0,
g 02r
E
§ LaCoy gFe; ,04
a 01

0.0

0 10 20 30 40 50 60 70 80 90 100
Pore diameter/nm

B3 MALFITE 77 KR IfI(a) N, R S5 IR 26 R0 (b) FLAZ A
Fig.3 (a) N, adsorption—desorption curves and (b) pore diameter distributions of catalysts at 77 K

R EAFIOLERER, FLAMALESHEIE
Table 1 The specific surface area, pore volume, and pore
size distribution data of catalysts
Catalyst Syer/(m’/g)  Pore volume/(cm’/g)  Pore size/nm
LaCo, Fe, ,0, 13.75 0.099 24.89
OFS-LaCo, Fe, 0, 1434 0.105 23.84
POFS-LaCo, Fe,,O 9.47 0.085 26.55

0.8 0273

3.2 FSRRAE
Kl 44 LaCo, Fe,,0, 5 Tlhi fb Jz FLAE A SN f5 i 1k

100 nm

(d) LaCo, ¢Fe, ,05-R

S
-

(b) OFS-LaCo ¢Fe;,04

(e) OFS-LaCo,¢Fe;,05-R

FI R H T 2 1 (SEM) B . 1 & 4(a)~4(c) T 7
LaCo,Fe,,0,, OFS-LaCo,Fe,,0, fl POFS-LaCo,Fe,,0,
AT B A — 350, 253 e U 2K R /N JORE [T 3R R oK R
FIRZ . Zheng &P 1E T LaFe Co, O, I3 2 L 44
K RTURL Pt AL HE B 20 258 R FL T SR AR (s i AHLLZ R,
T A J RO ot 52 0 0 BRI T RE AR 29 2 60~100 nm 1)
NFIURL , 3X T BE A2 FH T il TR A 0 — A A5 ) A i A
A NI S YT R 7 i FrEL. LaCo, Fe,,0,

100 nm

100 nm

(f) POFS-LaCo, ¢Fe, ,05-R

B4 RO S AL SRR A il 4 B 1
Fig4 SEM images of the catalysts and the samples after the catalytic reaction
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OFS-LaCo,Fe,,0, 23 55 B TR S S5 , BRIE 9K
TR 5y [ 5, 5 SRR 100 5 A 3R B R vy SR A4
IX BEH R RRORL ) IR B AE — . RIS AR AL S5 R R
HHIL T AN [V BE (R R 4 B 5%, Ji AR 43 5 1)/ kL 26 37 14
R[E 4(d)f1 4(e)]. (AR K, POFS-LaCo,Fe, ,0,
(3T SAE (b AL T 5 SR A B S, 3 B 55 8 (A T AL vt
AT A S B BAT — i€ I PUbe 4 20USE [ 1] 4(D)]

B — 2P R H f 1% (EDS) I 49 4 4% A 48 5t POFS-
LaCo,Fe,,0, % [ ) 7T K 704 , 5 RUNE 5 s . iz
A [ 2 TH 76 3 20 47 7T 0L, Co, Fe, La, O FI S JG % 7Ef#
T 2 IUARXS B A 23 BOIRAS o Fe TG R IMAFLEUE
SCBk BT B A B AL T T S TR I 20 A R AL TN 2
B BAGIE F S BRI M E R R AE R X451 S
XRD 43 #1 H POFS-LaCo, Fe,,0, ¥l La,0,S FHHYI A

R8T AR Z EDS A RE M e R ERE
Iy B . B RN, R AR B 2 A S Y
B, Co, Fe, La 1O 11 o L HE A YERFAE & FEYE I N
{H 15 £ & M & , 5 OFS-LaCo,Fe,,0, # Lt , POFS-
LaCo, Fe,,0, 1 POFS-LaCo, [Fe,,0,-R i S Jil [ &
I 5r L3 B AR R, AL OB S S JT R

SR TR A 1 AR X SR T A T A D TR
WLE@ LaCo,Fe,,O, AL 74 Bl T B A AR AL 4L 31 /5
RS B, X1 5 FilR At 5 POFS-LaCo, Fe,,0, &
POFS-LaCo, [Fe,,0,~R ] XRD fi7 §f 5 5 A { B 8247 A7
Ko SRR w AR AR B 3 I 45 B 1 MR TOUIE A Ak 24 A By
T1E LaCo, Fe, ,0, & [ JE BUE PEBR AT, X A7 F] T4
I J5 SO, il itk o

5 POFS-LaCo,Fe,,0, A7 HUE e 1 5]
Fig.5 EDS—mappmg of POFS- -LaCo,Fe,,0, catalyst

#*2 HBREIEESTECTNRERTFEESH

Table 2 Data on the surface atomic weight percentage of
catalysts obtained by SEM-EDX analysis

Weight percentage/wt%

Catalyst
(6] S Fe Co La
LaCo, Fe, ,0, 29.43 0 6.11 20.82 43.64
OFS-LaCo, Fe .0, 36.76 3.76 5.92 14.19 39.37
POFS-LaCo, Fe,,0, 28.86 1.12 6.05 19.08 44.89
LaCo, Fe,,0,-R 31.45 5.51 5.31 14.41 43.33

0.87 70273

OFS-LaCo,Fe,,0,-R ~ 29.95 635 488 1537 4345

POFS-LaCo,Fe ,0,-R  34.08 3.47 10.79 15.20 36.46

3.3 RN R

SR 39 HE S5 R AR T R R NS AR B RN i
XF SO, ¥4k 2 1) fe fE IOML 26 AR, 1 S AR E IR R HE AT
R, M5 E PRI S8 10, 20, 30 W, it &4 50 mL/
min B, AL ARG A M. MERERETZR

300°C I TF 4 50 W, BEI SO, ¥ L FK ik 5 31%, B &
w130 W IR R (KT 5%) , BRI 3% 2 50 W Zh 2R 3
TR BERE VR . EEE TR EE NS0 W, Hx
8L FT FH TR A SR B Svol% SO, 10vol% CO LK N, 1E -
ST AL BGR AR R 2P b T ORI R 50
%u 100 mL/min 5, SO, ¥ A4, 28 [ ¥k B (COS) &Il ™= 41 1)

T S S FE AR AL, 25 R 6 B . B 6(a) 27,
Bﬁ}ir‘m&iﬂﬁ,somL/mmﬁETE’Jsozé%chKm?
100 mL/min I, JCI 243 BE 5 T 250°C J5 , A 242 T+ B
NI . B 6(b)4h R R, IR E (50 mL/min) T, 2
JSL R FE AL T 200~250°C 2 [A] B, B & SO, # 4k % Tt
COS Fll F= Py i B 0. 1 436 = 1 250°C
I, SO, ALt — B HETE , COS {77 SR IMZHT PG .
T EREE R, B A B PR B TR D) A 50 W N AR
50 mL/min 561, BEAT 5 25 10 55 B 1 1A VI e i A4 77
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(11 SO, F AL AN REVPAN

NI IE 2 B A 5 A R AR 5 A AL AL 5 SO, il
T )P BE L 78 KUK (101 kPa). 50~500°C ff DBD Jz B
8, %52 [ LaCo, [Fe,,0, X H BT L7 FH 2. CO
FHOA JE (R S5R N Svol% SO, 10vol% CO K& N, 1E N
P <0 LA S CO AT H, FE 3k Ji7 SR (OROBESU5CN Svol%
SO,, 5vol% CO, 5vol% H, & N, 1f A V1<) & 1+ SO,
(% Ak 23 S RI P2 COS [ 7= &, 45 SR A 7 Fios o #
7(@) P, FEAN G JE AT Bl s il B T v, 45 251
LTI SO, I EE Ak R A& L35 2T s, 450°CHY, AN
T AL 7R BT 1 2 A8 I W 0 Ak 4k 77 LaCo, Fe, ,0,,
OFS-LaCo, Fe,,0,, POFS-LaCo,Fe,,0, Xf . [] SO, ¥
ARV, 53 )N 82.3%, 88.5%, 86.5%, 95.0%. iX
— S REL], B RMUH 5 EE TG R SO,
(LB 2 . Al Qahtani 25Ut 84 47 18 , 46 55 144 7]
1 5 FeS/ALO, Al ZnS/ALO, f# 44 7% I H, A CH, f## fb. it
J SO, A2, ST 4R &6 & 14k — J T Ae i 22

g0 - @
X L
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