F 514 F 4 RABALF 5L T Vol.51 No.4
2026 F 4 A Low-Carbon Chemistry and Chemical Engineering Apr. 2026

- aBMBEEALER - DOI: 10.12434/j.issn.2097-2547.20250195

AR TIXITAEEE COS ZKRREFIEEIL IERERYRZ IMATLIE

i jﬁgl, ;ﬂﬁﬁﬁﬁjl, #% %&1’ gﬂél%‘}é\ly ]{iﬁJE%§2
(1. R TR 43 L L R YRR 7% 5OR ) B 2 EE p s2 00 =, I KR 030024
2. EEEER SR TR NRES TR EE S, 6 100190)

o OE RS E COS AN AT ML B HE R R G B B2 E . H RTFF R 1 COS /KR MEAL T2 2 S b a5 2R3 , 18
75 i J6, M DL 2 b S SR . SR TR, 43 048 10 MPa. 19 MPa F143 MPa 3 R B B 155 4%, #1145 1 £k 48 (TiO,-
ALODFE COS KL . 76N IR FE 60 °C.COS Jif B i E 300 mg/m? O, 7R AR 234 12% A5 3 1000 b (25 4F T, XAk 571
HEAT T AL PR RE DR s IR N, IR/ JBL B A MIPSEM Al XPS 25 F B, ¥R ¢ 17 B iy k(i Ak 7 ff Ak 1k BB ) e pL B . &5 SR 5%
Y, AL K AR I R, COS M AR TR A1 383 FLAT B0 N 8, R Bt T2 4 77 Y 3R T, 5 —OH B H,0 K AR K AR S B AR B HLS
CO,, b J5 H,S F1 CO, i FLy™ B B BRI AN R T . BEE AR 7738 K, M A0 7R BORLZ 7 SU% AL T E A3 45356 43 100~
1000 nm KFLE G5 0 18 10~360 pm KT, 225 FHLAS 7 COS W R A1 HLS 97 HLS W R 1Y 22, 4 44k T T ARAE (i
T o A8 O I AELE AT DM U , HRAE — @ FEBE(R 1 T COS W PN AT HLS 9 i, L AE — @ R BE 3N T il . ASHIE AT
AL S ARG R T b SR 55

R I T s P AR AR SR AL COS s AL K A

4325 : TQ426.6;TQ050.6 XHREE:A X EHE:2097-2547(2026)04-126-11

Mechanism of effect of forming pressure on catalytic performances of Ti-Al-based
COS hydrolysis catalysts
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Abstract: The removal of COS from blast furnace gas is essential for the steel industry to meet ultra-low emission requirements. At
present, COS hydrolysis catalysts that have been developed are prone to oxygen poisoning and deactivation, have a short service life, and
thus cannot meet the requirements of industrial applications. Ti-Al-based (TiO,-Al,0,) COS hydrolysis catalysts were prepared by a dry
mixing method and extruded at forming pressures of 10 MPa, 19 MPa and 43 MPa, respectively. Under the conditions of 60 °C, COS
mass concentration of 300 mg/m’®, O, volume fraction of 12% and space velocity of 1000 h™, the catalytic performances of the catalysts
were tested. In addition, N, adsorption/desorption, MIP, SEM and XPS were employed to investigate the mechanism by which forming
pressure affects catalytic performance. The results show that during catalytic hydrolysis, COS diffuses from the external surface of the
catalyst through pores to the internal surface, where it is adsorbed and undergoes a hydrolysis reaction with —OH or H,O to produce H,S
and CO,. These products then diffuse outward through the pores to the external surface of the catalyst. As the forming pressure increases,
the catalyst particles become gradually densified. Microscopically, part of the 100 nm to 1000 nm macropores are compressed and
collapsed, forming ultramacropores of 10 pm to 360 um at the macroscopic scale, which significantly hinders COS adsorption and H,S
diffusion. Increased H,S adsorption further leads to oxidation and sulfur deposition on the catalyst surface. The presence of oxygen

vacancies can promote oxygen migration, which to some extent enhances COS adsorption and facilitates the diffusion of H,S, thereby
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partially suppressing sulfur deposition. This study provides a reference for the industrial application of related laboratory research results.

Keywords: forming pressure; blast furnace gas; Ti-Al-based catalysts; COS; catalytic hydrolysis

WA T3 A . &t R E e
PR RE B COSE R AE, it By He faE
b B J5 AT AR SRR, SR, m R RS
/b COS M H,S S5 & A i, 1X 5 B H M be 5 M1 <
HAFLE SO, i &K FE A 60~200 mg/m®)™P ., B 45 8
AR HE SO SR 11 S it B SR IR B XU L B b 3
SO, U EAG =T 50 mg/m®™ . R, i s i k4%
i), 7 P SRR I BT S RS AR, R TR R AT
SIS R A .

R SRS TR B AR AT Ak TR SR B
IV T 3 BRBE AR FE N A . T I £ = ) RO A AL
B COS [ i B o e A 7K AR 2 A0 38038 v BROARAIG
s 2D, S LR R FEE R AR iR A TE
PSR A2 NS ALO, B AT 3 & AR P
ALY PR, s RS B, 2 H AT TS oA
12111 COS /K filfHE Ak 777

H T S R A D & O, M &SR, 1X T
B SRS AR T ALOL AL IR 5 h B T
15 FH 3 iy K 46 R, 3 AW R TR . BF SR
B, 18] ALO, ff# A6 7 R in N /b & TiO, 23 W 25 4 iy 4L
PrE P ERE I COS A /K fifid 72 32 2445 COS
ALY BCBIA AR AL T, SR S R A KR R
N7, [ J5 K A = ) H,S 8 I FLA O B8 & Ak 7R b
R 3IANEFE o] 0L, AR PR B S FLIE 25 0
BRI, SR FH S 0 B A A 7R it AL ek
FD ) T3 2O R A TR 45 M AT AE A AR 42, DLAR
HEAK 1 e AN SE K LA 3 At SHI &80 H B4R
7 P123 B0 p-ALO, AL, & B0 S5k 5 i A7) L
BHE KRR AP A8 RIS I 2 R aE 1
WG, B R TR R COS KRR, - H.,
SE Y285 A6 FARAIG T Rt 8 R 7 A 1 70 SR T PR AR 22
e T AR U BT AR KE K T A A
Art, [EE, WU SER I FL B M 7R AT S ALO,
TR A 2 23 T COS MR I, $2 m T Afk
P ErERE

HH TS R Tl AR P2 4R 2 2% , COS ZK R A6 771
SIS BRI AL 2 Ak T SR ZE Y
B, HoAr szl ol B AR 20, COS 7K fiff A AL 711
HE TR EEARRRS R TR 4N D
B, TR A I TR) S M3 2 40 A 8 SO RE EEUT, AR R
T R = i SRR B R T 5 U, S e )

M) 355 14 £ 23 0 S 5 R Ao ) 552 i) 8 A iy X A
R A EERN s Forp, 0 TR A TR AR e 17
LG E RS, TR T e KIS A st e =
WF TS S HSCBL R 75068 1% i PR A 7 4 £ 12 R 1
ML B = RAE R, 5 b, PR R L R
AR R S e i K T i A e B AR R R
R ERJE COS 7K AL 7747 H Pk ik 2

AR TR, BLALO, N#E  TiO, Ay i
AL TSN ER R R GV R Y2 3 Fhig fL
71, 23 54% B 10 MPa. 19 MPa #1143 MPa 3 Fifi i 54 [
1554 5 il %% — R KA (TiO,-AL0,) 2 COS /K fi
AT, BT R I AL R R AL T R 1)
SEMANIER, DU A RSO A P S

1 SEIGERS

1.1 EIekrat

L9 7K 4547 (AIOOH *nH,0, 1 = 0.08~0.62) , T
2, T B A E R A A IR A 7D s TiO, , Tolkgk, )
B R T B0 5 A R AR s TR A 4
FRRNER GV Z 7], 5850 B4, 350 3 R
AT B0z A 2= R A R F] s NaOH, 23 Hir 4k, 1
R St F XA AR A A ; BB 7K, L=
Al
1.2 EEFIHE

F2 51 B 8: 10 1 R U /K B0 f W TiO, A1 3 i
FLA BN 5 Tk IR G BRI AT, bl R R G ]
AR 3 M 3 Fh s B R 0 H5 9%, B Ak SR 1S B 3 Mk
RFE Ao BT R 58 K B AN AR L (48
Bic - B 2 2T T T I R AR N B
250 VCN-JTJ02 B FBB A A4 751 Bl R 45 th 2 B R
JEPER DR BR A 71D AT WZL-108 B EAF il 47 AL
CEINBEZEB TR S ARATD . B 55 3 F 2R
Ff i B T DHG9035A B 5 R T Bt A (—fE R A
BRAFDHAE 110 °CTE2 h, T4 )5 B T KSL-1200X
B g0 CE IERHEM BHEARA PR A BL 10 °C/min
THIER HE 2 TR 22 400 °CREBE 2 h, ¥ 4 5 RIS AR An 2
COS IK AL o AR AN [R] e B 2% A i 44 i AL 771
TiAl-1 AR BN T 545, TIAL-2 A SR AL
Fr &, TIAL3 NBEFFwIRIALET 25 o RS FLAR REE
FEOR LB 1o R A 7] 1l 28 8 4% B 1l 2B FL AR 2 3
W1,



128 kB F 50T

2026 F % 51 &

B mEFLIRFfERR R

Fig.1 Forming die plate and sample images
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Table1 Parameters of catalyst forming equipments and

forming die plates
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Fig.2 Schematic diagram of catalytic performance evaluation

unit for catalysts
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Table 2 Compressive strengthes and bulk densities of catalysts
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Fig. 3 Relationship between forming pressures and compressive

strengthes of catalysts
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Table 3 Textural properties of catalysts
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TiAl-1 304.5 0.34 4.23 9.97
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TiAl-3 243.8 0.39 5.36 2.47
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Table 4 Macropore distributions of catalysts
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Fig. 5 Relationships between forming pressures and pore

distributions of catalysts
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Fig. 6 Catalytic performance evaluation results of catalysts under space velocity of 1000 h™!
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Fig.7 Catalytic performance evaluation results of catalysts

under space velocity of 3000 h'
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Table 5 Textural properties of catalysts after reaction

. LbRTmAR / MAVERR, CPRBIFLE . WELS AL
(m*gh) (em*-g™h) nm AL /1%
TiAl-1 292.5 0.34 4.34 7.25
TiAl-2 264.4 0.34 4.34 4.34
TiAl-3 238.4 0.37 5.06 2.99

1.00 mm
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Fig. 10 Schematic diagrams of particle morphology and

cross-section treatment method of TiAl-1
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Fig. 9 SEM images of TiAl-1 before and after reaction
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Fig. 11 Radial elemental distributions in cross-section of TiAl-1

before and after reaction
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Table 6 Radial average elemental relative contents in cross-section

of TiAl-1 before and after reaction
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Table 7 Radial sulfur relative contents in cross-section of

TiAl-1 before and after reaction
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Fig. 12 EDS elemental mapping of TiAl-1 before and after reaction
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Fig. 13 XPS spectra of TiAl-1 before and after reaction
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Table 8 Elemental analysis results of TiAl-1 before and after reaction
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