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ABSTRACT Sulfur dioxide (SO,), found in the flue gas of nonferrous smelting, is an irritating and toxic gas that poses significant
environmental pollution risks and results in the loss of valuable sulfur resources. China, as a major consumer of sulfur, faces a substantial
shortage in domestic supply, relying heavily on imports. Capturing and recovering SO, in an environmentally friendly and safe way is
crucial for the sustainable development of the industry. Ionic liquids (ILs) hold great promise for SO, capture and resource recovery
owing to their unique chemical structures and physical properties, high stability, good controllability and strong recyclability. They offer
innovative solutions for addressing air pollution and resource recycling and are expected to have widespread industrial applications,
contributing significantly to environmental protection and sustainable resource utilization. Current research on ionic liquid

desulfurization mainly focuses on the synthesis of new ionic liquids, their performance in SO, removal, and recyclability, with less
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emphasis on the recycling of captured SO,. This study explores the SO, absorption and conversion efficiency of the
tetramethylguanidine acetate ([TMG]JAc) system by coupling the Claus reaction mediated by the ionic liquid absorber. Experimental
results indicate that [TMG]Ac, prepared by acid-base neutralization, exhibits excellent SO, absorption capacity with a saturation
adsorption capacity of 1.06 g at 20 °C and a SO, flow rate of 50 mL-min"', outperforming other absorbers with the same cation. By
adding H,S gas, the trapped SO, can be rapidly converted into sulfur at room temperature, achieving up to 99% conversion. The products
from the Claus reaction were heated to sulfur’s melting point, causing the sulfur to liquefy and aggregate, allowing it to separate from the
absorbent. The sulfur products were characterized using X-ray diffraction (XRD), scanning electron microscopy (SEM), and X-ray
energy dispersive spectroscopy (EDS). These results indicated that the prepared sulfur product was Sg, demonstrating that the [TMG]Ac
ionic liquid, based on the Claus reaction, successfully produced sulfur. After four cycles, the [TMG]Ac absorbent maintained a
consistent SO, conversion rate, absorbent mass, and SO, absorption capacity, indicating its stability and effectiveness. The absorbent
exhibited excellent thermal stability and regenerability during the cycling process, indicating its capacity to be regenerated through the
Claus reaction and reused as a recyclable absorbent for SO, capture. Using infrared spectroscopy (IR) and nuclear magnetic resonance
spectroscopy (NMR) characterization methods, the mechanism of SO, absorption by [TMG]Ac was studied. The results indicate that the
interaction among the amino groups on the cation of the absorbent and the hydrogen bonds on the anion is crucial for SO, capture.
Finally, the transformation mechanism of SO, absorption was explored in aqueous and nonaqueous systems. This study not only

provides the foundations for efficient ionic liquid desulfurization of ionic liquids but also explores the potential for SO, recycling,

supporting sustainable and high-quality development in the nonferrous smelting industry.

KEY WORDS smelting flue gas; sulfur dioxide; tetramethylguanidine acetate ionic liquid; claus reaction; sulfur; resource recovery

A OB S Y R Rl R 2 AR R
A ALEL (SO,) MR, T SO, BB A HE 2
R ERT, MU EFEIFEA, 2B FA
TR By A ) 5 e[l I, SO, o /2 Ak T4 7 i
ZERRE, B AR A PR L B ST H ILAL T
il L LA R MR R SO, 118 % €0 iy Ak Ak B
S WP R RE AU e

RGN TR AT B35 | &k | 1K AR A5,
BARB 032, ABATSAEAE R MR AR L Il
WS PR AR X . Y e AR )L, I AR SO,
MR RS 750 I S5 AT 2P A= 04 I A 077 3% 30 7 JA BE L B
TR AL AL E R LA RS T
AR, S —ME i T RS A L, ERAH
FHES 7l fsE | SR IeTode . 20 1URM . At nl o
PR T BR A i, 2 — o H v 2 ) BB B T ) =
AL I H R OR R RE AL 2 B X SO, R
PRIEAT Wy BRAL 27 Wi, MATT 2% BT SO, B9 H #Y.

EHT, 25 WA R SO, J5, F2 2 & 2 il %
BT , (ELA R A fift A i i i A v 25 7= A s Y
Higp A ELIG R PR, B LORE SO, et R E /Y
Wy I3t AT LAAT R fige DR e S (] R A B AH Claus J2
IO, H5 SO, Fe Al o BB R S B SO, Hefk [l i iy —
TRE P 2, LR AN T IL ik SO, Jim B BT
PEFI I AR A [ 28, ] I L B AR T SO, i W
P A OME A A7 L M S i Y R AL, O LA S 9
IL AT ER T, MAZ LAY £ b AR AR 17
AP WM Claus KW AT P 2D — & HypS #A

B B SO, 0 SO, 5 H,S N A AV BT A
HR W g (1) #1(2) B . AH Clause 52
RTEW AN T SO, EH 45 HaS RV JE i L i
R, R X (2) firs.
2H,S+30,—2S0,+2H,0 (D

2H,S+S0,—3S+2H,0 ©))

UL 5 58 A D) G 2 3 mT R 45 i e iz
TR Ty T U B AN X IS 2 - Y AR i A
Y AF 9T 32 22 45 T A 85 WA B BB A L B P
fie S AR Bl e, i an, W U0 S Ok B
WITHE RS 7 W H EEICEL R £ ((TMGIL) X% SO,
B S HLBR, BF 5T & PR [TMGIL 3% DLk 24 W
3K SO, MW MFITE 4L SO, TR T, 1 g W BE
K 0.519 g SO,; Hou %51 [n] [TMG]L H R IMFLER, &
BT A i b7 ) % B8 76 B AR T (Y SO, & ke
1%, B3t 1 ORI 0 20 14 fig s Wang 48U iRl T
— T A IR 8 A I Y I e R 6 ([TMIG]
[Tetz]), HAEAR MR B SO, 4 & T 5 M4l 4R 14 B .
SR L R WIS W R AT DA s 2T 3R SO, (B 20 T
W S B SO, % 4 A i [ L. St = W WAL 551) ST 4l 3K
() SO,, 2R FH 1o TR A ih 98 1) O vk 2240
AR ok, (H b B BEFE R 1, 25 5 1 I SO, it
5, HE TN TS e i AU . ) R R AR S R
T 5% R A A0 PR AR 2 A (0 4 B ATl & 0 e
38 YD 7 oK, PR U R T R E — B s 880R] SO, 1Y
7k



WA AL 26« 5T 5 30 IS 7 ) AR B B 2 AR A ) AR 14 9

- 1153 -

ST, FATLA Wl A S, UL
I It 2R F SO, $7 25 W B AT H,S B 1 ik W 1) S e
PRIE T DY Y EE DS B2 £k [TMGlAC (19 SO, WU
el 46 BRL A F) fiE

1 ZWEH

1.1 XA

P 1R A S S R I o B R, R A R
S (1) e WG 224 3k SO, Ja 15814 SO, A&
T AR ) (IL-SO,); (2) FE44 H,S M i A
W SO, Ji 148 IR A4 v, A JHE 58 43 B 1 JE B A
15 (3) R J 8 3k /K P 3k 0 S BB B A DA 1
J5 v, AR AR BT 5 B AR ROBOR) 4 B 5 (4) B
N W2 A7) v ) A K o B 2, S R AR AR LA 3E
il FH, IS BT B R A v SR

Reaction

14t

Delamination

Circulation

:

<

Separation |

L+H.
lL+H 'l

Ss

Bl 1 BT Claus ORI SO, $4Ab R iR 2 1&
Fig.1 Schematic diagram of SO, transformation to sulfur based on the

Claus reaction

1.2 KA

SO, (IR U R 99.9% ., ST v S A FR
2 HySURFRA KN 99.9% , LAy v i <Ak
FRA A Ny 5k 99.9%, Kb m B SAR A
PR A, 1,1,3,3-P0 H AR [TMG (4 Br &, |1 %2
SEMAERBHECA R A E). LR (5 ek, VPR
B A1 BRA W), TooK Sl (o34 28, 74 Bl Rk 2 e A
HBRA T, & Griral, VB Bk2= B A R A
H]), K (AL 58 T 3 2R 4liK).
1.3 #MREE

A5 JEE IR ) [TMG] Il 2 R 43 ) 5 figt A0 1 o
1) TC7K S BE T, K A5 B A W 43 0 i A B = i e

AN AE Y S o F TR S R, S AR
B IK U W5 TR AT . SR S 28 EHE 7% R AN 2 B
KN LA, L= 7E 60 °C FUE 2 T T4 48 h
Bk 27K 57, 13 2R ¥ AR [TMG]AC.
14 EWEE
1.4.1  DIRETE BSR4l SO, Wi

SO, WSt S B 72 AR A h ik A7, BT 72
e B EA L S FRNR A W 0 SR MO R
fE R K, I 5 B B AR Al R 99.9%
[ SO, <M 2 3% B % 7 i /291, LA 50 mL-min™
R 9 8038 A IL W2 W00 s O RS BE(E R 0.1 mg.
A58 BSA224S-CW 19 43 A1 KT 1 i W I A8 o o
AR Ak, 38 S A R AR A ok I W IR Y SO,
e
1.4.2 SO, B A AN FA: By I 2

SO, e AL FFEAE A 2 & 2 i 7. e A
A TN R TE B 1 3% 35 S R4S (50 mL) H kAT
(), 2% B N A8 G B BCAT G 3 e P A% . B0 A8 i 2
FEEZSM (1 L), 78 % N e 38— a2 1 © IR SO,
() TL WA, B0 2 i N e 2~ 2 50 2% 1Y)
S, LB AR SRS K AL A (S TR
) EARNEEBIIHRREDT, 6575y
Hir BRIV AE — A 1 B () [ Bl A 3 3 o 2 1 R g AR
k. 2 1 200 R D AR R 1E E AR AR R, 2B Clause
I L 28 3K 3] - £l

SO, BIHEAL R (C, %) W] Lz Wemi il 1 7= 8. 1
Se 3 o FR E A5 2 W BGR] H IT B SO, B (my,
g), RJE AR = 3) THE B A IR ™= 1 (my, ).
IO 25 B, 3 A 9 3 D A3 s [ R 4 A R R 1
BEFH 4B K WPk, ARG TE 60 °C N T4 2= /0 24 h, %
LA B S PR B = 1 (ms, ). e Jn IRAE X (4) 31
FAR SO, MFALR (C, %).

_m
m2_64><3><32 (3)
c="x100% 4
my

2 SRS

2.1 B MR

BT SRR LR Tl R S AR
FH, FELAIAE T [TMG]Ac H9%5 B FIERE. 75 293.15 ~
34315 K MRIR & T, 58 T [TMGJAc B % &
A4k, 45 BN 3(a) B, 25 R BE TR B () T i
. R4 X (5) FoR, G T [TMGJAc & F A [
FESIRERN R, THHREAAN 2 =0999, IEH] T %



- 1154 -

TRERLF2E, 26 47 5, 5 5

5,
b
7% 0]

1—N, cylinder; 2—H,S cylinder; 3—Rotor flowmeter; 4—Switch; 5—Vacuum bottle; 6—Pressure sensor; 7—Constant temperature magnetic mixing

water bath; 8—Pressure resistant pipe; 9—Computer; 10—Exhaust gas absorption bottle
B2 SO, fALFIFAE SRS B

Fig.2 Schematic diagram of SO, transformation and regeneration experiments
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Table 1 Elemental analysis of sulfur products obtained using two
separation methods

Elemental mass fraction/%
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Solid sulfur 0.02 0.04 0.63 99.31
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