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Effect of SO, Volume Fraction in Flue Gas on the Adsorption Behaviors

Adsorbed by ZL50 Activated Carbon and Kinetic Analysis
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Abstract: The influence of SO, dynamic adsorption behaviors using ZLSO activated carbon for flue gas desulphurization and
denitrification under different SO, volume fraction was investigated experimentally, and the kinetic analysis was conducted by kinetic
models. With the increase of SO, volume fraction in flue gas, the SO, removal ratio and the activity ratio of ZLS0 activated carbon
decreased, respectively, and SO, adsorption rate and capacity increased correspondingly. The calculated results indicate that Bangham
model has the best prediction effect, the chemisorption processes of SO, was significantly affected by catalytic oxidative reaction. The
adsorption rate constant of Lagergren’s pseudo first order model increased with the increase of inlet SO, volume fraction, which indicated
that catalytic oxidative reaction of SO, adsorbed by ZL50 activated carbon may be the rate controlling step in earlier adsorption stage.
The Lagergren’s and Bangham’s initial adsorption rate were deduced and defined, respectively. The Ho’s and Elovich’s initial adsorption
rate were also deduced in this paper. The Bangham’s initial adsorption rate values were defined in good agreement with those of
experiments. The defined Bangham’s adsorptive reaction kinetic model can describe the SO, dynamic adsorption rate well. The studied
results indicated that the SO, partial order of initial reaction rate was one or adjacent to one, while the O, and water vapor partial order
of initial reaction rate were constants ranging from 0. 15-0.20 and 0. 45-0. 50, respectively.

Key words:flue gas desulphurization; sulfur dioxide volume fraction; initial adsorption rate; Bangham’s adsorptive reaction kinetic
model; ZL50 activated carbon
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Table 1  Modeling results of apparent adsorption kinetics under different SO, volume fraction of flue gas
S0, R4 8
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Ge,theo,30,/ME * B~ 48.07 49.00 53.68 61.77
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R? 0.9999 0.9999 0.9997 0.9997
e.the0,50,/mE " B 43.04 50.36 52.21 60. 62
Ho B HIM k,/g + (mg - min) ! 0. 000 05 0. 000 09 0.0002 0.000 18
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e, thes,50,/ME * & 33.03 34.74 39.47 46. 11
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R 0.9999 0.9993 0.993 6 0.9919
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Fig.3 Initial adsorption rate of apparent adsorption kinetics under different SO, volume fraction of flue gas
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7,50, 0 =7q“ = krPso,P%,P;,o (s—ntq;_.’q-l
t('_')ex;:( - kt*) (12)

Bt RGBS (481K ) prwa = 131 325 Pa, B 1}
AR E, AR RN RN ERR(10), # T
ERUBUE, TRBRMUINETBINSH &R
k2 #E@3(b) .

B RERRYN,BE T Bangham IR B L 2 F0 IE

= k,peo,Po,Phs0
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Table 2 Parameters of Initial rate reaction kinetics

WG W H K/ mg« (g-h) ™! k,-p®*#*"/Pa - mg-(g-h)"" a B y R
ro, FIMREELRE 0. 000 27 1 0.1789 0.4615 1

kq.s, Bangham ¥] 3K I 0.000 29 0.976 6 0.1878 0.4699 0.9991
nkq,s,Bangham ) 453 % I {§ 0. 000 33 0.894 7 0.1989 0. 48036 0.9991

B 305 R 3l 1 2 1 TR B I B 3D T A BB B AT o i A
SO, B HEE %, S0, By I B B B 43 R R 1 5,
BEL1,TWO, fl HO MUK ERFIRBIH N
0.15 ~0.20 #1 0. 45 ~0. 50 Z B {9 % 2.
3.2 BRRIESEREI

A Mt 3h 2 A R R 40U SR AT T sum of
square errors ( SSE) fRMEBEAT LIS R iR 2 2.
SSE kR K (13) ff/R,SSE & RA T 3.
SSE B/, RABHBES L REREEL, HEKRE
AR /N, IR BAF Bh A7 2 45 7 A% TR BB A0 TN o
.

SSE = Z[(q.,.., :q‘,u..,)’] (13)

s, exp
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Table 3 Error analysis of modeling results

ik 2 8] E¥ 0.0005 0.001 0.003 0.004
Bangham &Y SSE 0.05463 0.1387 0.1592 0.09579
Elovich # & SSE 0.2199 0.2038 0.5697 0.6839
Lagergren $E— &M% SSE 0.3109 0.5310 1.969 2.182
Ho B SSE 0.1493 0.1655 0.7439 0.9460

HMEIHEEMEANED, HERRUTNAE
BB AR B UK B 4K W ¥ 2% : Bangham $%) > Elovich
& > Ho #E — % W it 3 J7 ¢4 B > Lagergren ¥ — 4%
B sh R . ERLRRMT ,Bangham 5 |
Elovich B %1 Ho ¥ — % 1 Bt 3 J7 ¥ L&Y SSE {14
1T ;R BEBU Y SSE FAH O R BB SO, kR
A Bo¥ TR, LA BIREE SRR A TR, AT RER R
T 52 0 BEL Jh 72 5 B0 6 BEL ) o 9 L B J B B SO,

B BOU KT RGBT 3. T Lagergren Y — 2t 0 B
B 1% # K SSE W {HFE SO, {4 B4 S X i ¥ tm
Bk, G40 AETEHBMELE R TR

4 &

(1)ZEME B B & 140°C . Z5 #3000 h ™' K&K
B3 ¥10.0% M1 O, kBB H 7.0% B %44 T , B8
HFHEK P SO, BB K, SO, W B 2 3 50 0% bt
B K, B 2 10 5 S8 0 5 3 A 38 PR BE T R 72 B
B ] ¢ =180 min B}, £ TH T SO, Y% b & 1 B
% 14.64 ~41.80 mg - g™ ,S0, G M E R HE B
3.682~6.725 mg - (g-h) "', ZL50 BLAR 5 M 5 A0
EHEETERO0.5265 ~0.6107.

QEAXALREFZHT . ZWNBRM HERNE
4 B9 T W 44 BE 4K K b : Bangham #E A > Elovich {5
>Ho =% 3h J1 & > Lagergren M — & 3h 1%
R ; Bangham & LD R B AR

(3) Bangham #% . Elovich # & #1 Ho ¥ — % 3
S ¥ERTERF A SO, fRB 43 $ad F 2% B B B |)
PIXT SO, b7 W M Bl 44 8 B 37 ; (E BE SO, B4
PORKEMBEIEAE TR, BTRRRERMNTEL
B A% BEL 7 7 5 #8052 0 B BEL o 4 Hh B (B B SO, 4K
B BO% KT T K. Lagergren M:— 4t % i 35 J1 4R
BRGSO, A POU KB AL T R, — R R
W BORE SO, O 4k B 4> M dn T 3 K, R A
SO, K4k 44 52 B 4T 9 76 % B B0 30 7T A8 O i 4
ER®.

(4) S AE LT Lagergren ¥R M@ HE r, =
kq, ,Bangham 45 7 i) 3] 1 % B S BN ro p = kg, s B
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To.3 = kg ns; #EF T 3CHR L A9 Ho B AU Elovich #i 7Y
§1%0 25 3 R K s 5E LAY Bangham 3] 15 % B 3 & 53
WRRMEELREY S B ;S T Bangham K[
TR 0 RE ok 250N B 2 W MR B B B O 8 R I
HiH R SO, K B & %, SO, B4 R R & 4 % 3
R 1EEERE 1, 0, 1 H,0 iH 15 & 4% W45
% 0.15 ~0. 20 F1 0. 45 ~0. 50 2 [a] &% 2.
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