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Abstract: As for the issue of low efficiency in desulfurization with conventional activated carbon in the study of this paper
the iron-based activated carbon ( Fe /AC) was prepared via impregnation modification of ferric nitrate to systematically
study the enhancing effect and mechanism of the iron element on the desulfurization performance of activated carbon. The
results show that iron modification improved the adsorption performance of the activated carbon. When the iron loading was
15% the breakthrough time of Fe, ;s /AC in a fixed-bed reactor reached 296 min which was 3. 7 times longer than that of
the unmodified activated carbon ( 80 min) . Moreover it maintained 100% desulfurization efficiency even under high space

velocity (3 000 h™') conditions in a moving bed. Characterization analysis results indicate that an appropriate amount of
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iron loading not only can improve the proportion of surface functional groups but also can regulate the pore structure

making the distribution of micropores and mesopores more conducive to the diffusion and reaction of SO,. Further in-situ

FTIR and XPS analysis revealed that iron oxides ( Fe’* /Fe’*) can form Fe—0—C coordination structures with carbonyl

(C=0) groups promoting the chemisorption and deep oxidation of SO, through redox cycling. Additionally in-situ FTIR

test results verified the gradual formation process of sulfate. Overall the stable reactive sites constructed by the iron element

on the activated carbon surface coupled with its reversible redox properties jointly promote the enhancement of

desulfurization performance. The findings of this study can provide references for optimizing iron loading improving pore

structure and enhancing the desulfurization capacity of activated carbon.
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(a) ~(c) (AC): (d) ~(f) Fe,s/AC
1 N SEM
Fig. 1 SEM characterization results of active coke before and after modification
(a) Ny— / ; (b)
1—AC; 2—Fe, s/AC.
2
Fig. 2 Structural characterization of samples before and after modification
1
Table 1 Pore parameters of samples before and after modification
/(m*eg™) /(em’eg™) /(em’eg™") /(em’eg™) /nm
AC 241. 89 0. 140 0. 064 0.076 2.31
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. S0,
Fe O -
21
? 2.1.2
0.064 cm’/g 0.073 cm’/g 3( a) X
2.31 nm 2. 60 nm o 3( a) AC 20 =26.5°

o

(002)

20° ~



138

50 6

30°  40° ~50°
(002)
( 100) 2
260 =34.6° ~36.6°
Fe, 0, ( 110)
# | Fe,0,(311) #
FCO 25
( FT4R)
3(b) .
3(b) 3 600 ~3 200 ¢m ™
3413.4 ¢cm ™!
(—OH) O—H
26
o 1616 cm™ (—COOH
C=C)
; Fe,,s/AC 1616 cm™
Bronsted
7 S0, o
2 028.7. 2 927.4 cm ™!
—CH, .
/ .
X
( XPS)
o 4( a) o
4( a)

(a) XRD ; (b) FTAR
1—AC; 2—Fe, s /AC; 3—Fe, ,,/AC;
4—Fe, s/AC; 5—Fe,,,/AC,
3 XRD FTHR
Fig.3 XRD and FTHR spectrum of active coke

adsorbent
C1s XPS o
C s 4 284,
284.5. 286 eV 288 eV
(C=C) . (C—C) . (C—0)
(C=0) ¥, AC Fe /AC
(C—C)
(C=0) o C—C
c=C
c—0 / 0—C=0
31
o C=0 SO,
SO,
2o Fe /AC
S0, o Ols



2025 6 139
(a) 7 (b) Cls; (¢) Ols; (d) Fe2p
1—AC; 2—Fe, s /AC; 3—Fe, ,,/AC; 4—Fe, s/AC; 5—Fe,,,/ACo,
4 XPS
Fig. 4 XPS spectra of surface on activated coke adsorbent
4( ¢) S0, SO,
0 1s (0,) - YAO S0, B
B 0 1s 2.2
1 532.7 eV( Oy) . 531.7 eV( Fe
. —OH, 0g)  530.8 eV( SO, 5( a) o 5( a)
0,) (O N N 5% 15%
C=0 ; OB N N Fe, s /AC
N C—OH C—0—C : 296 min
0, - FANG % Fe
C=0 S0, SO, H,SO0, ¥, Fe
SO, o Fe /AC 20%
C=0 o Fe
o (O
Fe—0O
7 o 77 o
4(d) Fe /AC 5(b) o
Fe 2p XPS 5(b) Fe 120 °C.
Fe 2p3/2  Fe 2pl/2. Fe 2p3/2 2000 h™' 100% 2 h
Fe'* (710.8 ~718.5 eV) o
Fe’*( ~710.08 eV) . Fe’*  Fe** Fe

Fe, /AC o Fe’t Fe'* Fe, s / AC 18 min



140 50 6

(a) SO, © (b) SO, : () S0,
1—AC; 2—Fe, os /AC; 3—Fe, ,/AC; 4—Fe, s /AC; 5—Fe, ,/AC.
5 Fe SO, SO,

Fig.5 SO, penetration curve and SO, removal efficiency in moving bed of modified active coke fixed bed with

different concentrations of Fe
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