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Abstract: The formation and emission of SOsz in coal-fired flue gas not only pose significant threats to atmospheric
environments and human health but also negatively affect power plant operations. Injecting alkaline sorbents into
flue gas has proven to be an effective method for SOs removal. The removal efficiency of SOs by injecting NaxCO3
and Ca(OH). absorbents was investigated under different flue gas conditions, and the removal performance was
compared with that of the blended absorbents. Moreover, the physicochemical properties of the alkaline absorbents
before and after the reaction were characterized using SEM, XRD, FT-IR, and XPS techniques. Based on
experimental data and characterization results, the gas-solid reaction model were proposed to elucidate the
mechanisms of SOz removal by Na,CO3 and Ca(OH).. Furthermore, the adsorption process of Na;CO3z on SOz was
simulated, and the adsorption energy was calculated and compared with that of Ca(OH).. The results showed that,
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Na,CO3 demonstrated superior SOz removal efficiency compared with Ca(OH),, and the removal efficiency was
enhanced by increasing the reaction temperature, SOz mass concentration, absorbent stoichiometric ratio and
residence time. The blended absorbent with a molar ratio of Ca:2Na:S=5.00:1.25:1.00 achieved an SOz removal
efficiency of 86.07% under practical operating conditions at a low cost. The findings indicated that the gas-solid
reaction between Na,CO3 and SO; followed the shrinking core model, while the reaction between Ca(OH). and SO3
adhered to the grain model. The adsorption energy of SOz on Na,CO3 was higher than that on Ca(OH)2. This study
can provide theoretical insights and technical support for efficient and cost-effective removal of SO3 from coal-fired

flue gas.
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Fig.2 Schematic diagram of the SOs sampling device
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Fig.11 SEM images of the alkaline absorbents before and
after reaction
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after reaction
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Tab.3 Physical properties of the alkaline absorbents before
and after absorption

Ul FeRmmAym2 gt AE(emigl)  SEHFLE/MNm
ST NaoCOs 0.905 0.011 9.168
2R J5 NaoCOs 1.809 0.021 6.653
S RiHT Ca(OH)2 15.821 0.095 17.506
S5 Ca(OH)2 9.875 0.081 15571

http://rlfd.cbpt.cnki.net




2 10 39 HAER S SUR AR S RCRSGRIE BRI S SOs M Bk H i P BE SR Ia i 90 165
—_ 2 0'08 r
9 % ¥ {iiNa,CO, s
—o— J ¥ J5Na,CO, _0.07F
~ 0.020 nNa, £ o?D
[ = 006 (3
= g e
2 0.015}¢ < 0.05F °
] {(4: P
= = 0.04f /o
S o.010f 2 7 /
= N = 0.03F
[=) =) L]
s N — I .02 4
= 0.005} g \;/ = —o— [ % A Ca(OH),
i 0.01 —ea— W JiCa(OH),
]
' ' ' ' ‘ ' 80 100 120 140 160

20 30 40 50 60
fL#E/mm

a)Na,CO,

0 20 40 60
fL4#/nm
b) Ca(OH),

15 REZRT. BREFIRFLES
Fig.15 Pore size distributions of the alkaline absorbents before and after reaction

2.3 LN

Na,CO3 Fll Ca(OH), 5 SOs I ) S A i 1
AN E SRR, RN 16 Fis. NaCOs
55 SOs 1 ) NLIBEAEAZ A TIR0), Jz B ASAA B S 1L
FIFRIR T, SRR AE B, )RR T
HERURIR . 2RI SOz It P~ 24 BRI K i A%
KNS5 Z RN, BEERMNEFEAT, KR BAZIEH
WS, TPEY)EIR TR . [FE, SOs -5 NaCOs x
REAWIRE R CO2,  LALRFFMIURLIN 2 FLEEH, AT

’
/

AR ECA

P ~
Vi ~
N e g ’ \ - . ’ \
- U Z ‘ —— TYE ‘ \
) ' ! | /}\'B([“/Aﬁ?
' I ] {
\ i A 4
\ ’
N 7’
T ¥

PRHET SOz AR RN AZ ORI . X—dfES
Kl 11 A5 3t NaxCOs MRS ) R A4S R —F.
Ca(OH)2 55 SO I J SIEAE b S IR, 22,
Ca(OH), B AR N HVF 2 [E AR BR A RO 2H e,
W2 ] 23 B R 22 FLBTRL IR Y FLBR . SOs A2
B RROR R T RN, 1 2 8 FLRR Y J B 2
YSTRLF THT 5 2 SN, GHTURE 14) Js I AL T 4 A% A
28, Ca(OH). 5 SOs xMJm, fLAAFRAIEL R AR
AN, TERS AN ECE S .

’ N

a) 4i #% 15 %INa,C0, 580,

7 .:.. t ® :.. \
‘§essent: S3ssess)
1:.. @' [o® z...l
\ ‘... ' \ ...'... '
N1 Nlegee?

RS i

AR A TR B

A ’

N\ ’

7 2 A i A T
/'—M~\
' L Y
3 2 .

/I »‘.;:;.', 1
(5 eQ®e% 1 MMk T 418 5% K
'\ 9 0...' ’

\ . L ] . 7

. Yaaw

B J2 KL R e 8

b) i KL WA B Ca(OH), 5 S0,

16 Na2COs. Ca(OH). 5 SOs RIS [E & Fz 15!
Fig.16 The gas-solid reaction models for Na2CQz, Ca(OH)z and SOs

N T TR R S SO I N IK S 71, 8
B Na2COs 7E SOs I MR B ik F 1 5015 20 it B,
It 5 Ca(OH), tb#%. Kl 17 N SOz 43 F1E NaCOs i
T EARFAL B AR, ZEE] (001) N
W OLRI ST, 15 Na,COs 9 (0 0 1) STt

http://rlfd.cbpt.cnki.net

5, IR SOz 731 B TSGR TH AT d5 kil Ak,
DUSEPEAN R S #E . X B Yu S5 ANV 5
Ca(OH)2 55 SOs [ ) Bt LA, SOs 7l 5 NaxCOs
Al Ca(OH)2 FEA AN B R A [ S, H O i+ dhik
KA Na fl Ca & -FHZE




166 kAL &

2025 4

‘\(u ? o P8 » U@

® _ 9 W . @ _

01 7. 25 A7 s 2 A7 55,
ONa @0 @5

17 SO3 43 F7E NaxCOs & H L A [5){i2 & BT IR M4 2L
Fig.17 Adsorption configurations of SOs molecules at
different sites on crystalline surface of Na2COs

% 4 NaCOs &K (001) #1 Ca(OH), @&k (100) FRME SOs Y& IR FRE

# 4 5 Na,COs gk (0 0 1) F1 Ca(OH), itk
(100) KT SOz HIFLLIE FH HER%). 7E Na2COs
i b, SOs 77 AL R Bt e EE AL 2 ) B i i
Y BER, SOz fEA AL i I T B RS 7E ; T /E Ca(OH)2
R, SOz NIAETHAL s B INASE « SO3 7E Na2COs3
f A RS B RE v T HLAE Ca(OH)2 di A E I
PieE, I NaxCOs %f SOs MW B 3K ) Sy s ik, He
W B i AR S AR e, H SOs 2565 NaxCOs 456 o

${ﬁ eV

Tab.4 The simulated adsorption energy of SOs on surfaces of Na2COz (0 0 1) crystal and Ca(OH)2 (1 0 0) crystal
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