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SO; Removal Performance of Porous High-Content Iron Fly Ash Modified by NaClO

LI Yongjia, ZHENG Xianrong, TIAN Guangyuan, HAO Xiaofeng, WANG Yuying
(School of Electrical and Power Engineering, Taiyuan University of Technology, Taiyuan 030024, China)

Abstract: It is of great significance for the improvement and utilization of fly ash to reduce the accumulation pollution of coal based
solid waste. In this work, a porous high-content iron fly ash sorbent named KIFA was obtained via CaO hydration, addition of
pore-making agent and binder, and oxidation modification by NaClO. This sorbent KIFA with an optimized pore structure can
promote the formation of K,FeO,. The fixed-bed evaluation results show that the KIFA has the maximum SO, removal ability at 700 ‘C, 5%
0, and 500 mg/m’ SO,, and the breakthrough time and sulfur capacity of the removal efficiency of > 93% are 111.8 min and 93.58 mg/g,
respectively, having the ultra-low emission standard of 35 mg/m’. According to the characterization results of fresh and used KIFA,
K,FeO, is a main active component in removing SO, by KIFA, and Fe(VI) provides the oxidation site, which oxidizes SO, to SO
NO can promote the forward desulfurization reaction. NO, SO, and CaO can form an intermediate product of NO3;SO;Ca, which can
be converted into SO,*, thus improving the removal efficiency of SO,.
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Table 1 Chemical compositions of fly ash and fly ash

with high Fe content (FA) wW/%
Sample SiO, AL O3 Fe O3 CaO Other
Raw fly ash 42.17 36.84 6.04 5.70 9.25
FA 32.87 27.61 32.59 2.31 4.62

W is mass fraction.
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Fig. 1 Flow chart of high-content iron fly ash modification
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Fig. 2 Fixed-bed evaluation system diagram
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Fig. 3 Desulfurization efficiency curve ofFA, IFA and KIFA
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Table 2 Breakthrough time and sulfur capacity of FA, IFA

and KIFA
High-content Breakthrough Sulfur capacity/
iron fly ash time/min (mg-g™)
FA 23 1.93
IFA 85.2 71.31
KIFA 111.8 93.58
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Table 3 Pore structure parameters of FA, IFA and KIFA
beforeand after desulfurization

High-content Specific surface area/ Pore volume/  Aperture/
iron fly ash (mz-gfl) (cm3-g’l) nm
FA 2.8 0.007 12.20
IFA 20.5 0.059 9.34
KIFA 20.3 0.062 9.52
FA-SO, 1.2 0.021 17.51
IFA-SO, 18.6 0.042 16.37
KIFA-SO, 17.9 0.046 15.28
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Fig. 4 XRD patterns of fly ash and FA
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Fig. 6 FTIR spectra of KIFA before and after desulfurization
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Table 4 Effect of removal temperature on KIFA
breakthrough time and sulfur capacity
Removal Breakthrough Sulfur capacity/
temperature/‘C time/min (mg-g™)
750 62.5 52.31
700 111.8 93.58
650 95.3 79.71
600 76.3 63.86

AR, KIFA kR SO, PEfe 2R EEsEmaECR, M
i e 7 B R B I SR IS FEAK, 8 700 °C I i
ORI AR, TR CRAE 93% L b 1) 55 E I (A K i
2h, BAIERT 93.58 mg/g, HmmiRuEmT
99%, FHAEmERCRYEFRE T 84 min. I E T =R,
ST RIS ZL, 4T AR LR T
B R BLHATAA R, RS CRESE G, (RiRE S
i, x4 KIFA A EFFLIE P9 B be s T 52,
LAY, FLRRESME BRI, LW, R
R PR G, PR NIRRT, 15N
A T

F 54 KIFA 7EAN[FJERE R B 5 i BET RA1E
SR . 750 CHLER G I KIFA-SO, HL R THAR N FEAR
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F 9 AN AR FE A S KIFA-SO, [ XRD 1%, @it
LRI 750 °C Wi a2 B KFeO, CaSO4 554)
JRAHET 700 CHA Brimd, AR N 5 FE(6),
SO, MBI 2 b, bR, X
15 bt g R BA — 8k

%5 FREISEBEE KIFA-SO, HIFLBELE S

Table 5 Pore structure parameters of KIFA-SO, after
desulfurization at different temperatures

Temperature/ Specific surface area/ Pore volume/ Aperture/
T (m*g™) (em®g ™) nm
700 17.9 0.046 15.28
750 6.2 0.016 9.34

K9 ANFHREEBUET AT S KIFA-SO, ) XRD i
Fig. 9 XRD patterns of KIFA-SO, after desulfurization at
different temperatures
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efficiency of KIFA
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Table 6 Effect of oxygen concentration on KIFA
breakthrough time and sulfur capacity

Oxygen concentration/% Breakthrough time/min  Sulfur capacity/(mg-g™")

3 102.6 85.87
5 111.8 93.58
7 108.7 90.98
9 82.1 68.72

2.5 NO XJ KIFA fiBg SO, M EERI 2N
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A4k . S5 5R R 11 FI5R 7 B

100

99
98
97
96
95

Desulfurization efficiency/%

941 —=—0mgm’NO

sl 100 mg/m? NO

0 20 40 60 80 100 120
Time/min
11 NO Xf KIFA fiifx SO, 2 (1520
Fig. 11  Effect of NO on SO, removal efficiency of KIFA
&7 NO 3 KIFA ZFiERE R A H R0
Table 7 Effect of NO on KIFA breakthrough time and
sulfur capacity

NO mass flow/ Breakthrough Sulfur capacity/
(mg- m>) time/min (mg- g’])
0 111.8 93.58

100 122.7 102.70
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