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Abstract

The effects of reaction temperature, SO2 and CO: concentration in an air gas stream,
particle sizes of limestone on the reactivity and capacity of SOz removal have been
determined in a thermogravimetric analyser(TGA). The apparent reaction order of sulfation
reaction of pre-calcined lime(CaO) with respect to SO is found to be close to unity. The
apparent activation energies are found to be 17,000 kcal/kmo! for sulfation of pre-calcined
lime and 19,500 kcal/kmol for direct sulfation of limestone(CaCQOs). The initial sulfation
reaction rate of pre-calcined lime increases with increasing temperature, whereas the sulfur
capture capacity exhibits a maximum value at 900°C. In direct sulfation of limestone,
sulfation reactivity and sulfur capature capacity of sorbent increase with increasing
temperature and decreasing CO:z concentration in a gas bulk stream. The main pore of
pre—calcined lime is shifted to the larger pore sizes and pore volume decreases with
increasing sulfation time and temperature. The surface area of lime decreases with
increasing calcination temperature under an air atmosphere, whereas is rearly constant
under a COy(5, 10%) atmosphere in a gas stream.

Key word : Sulfur dioxide, Limestone, Sulfation reaction, Calcination reaction, Sufur
capture capacity*
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He odd SO& A7IE F9 FvtolAut
FHARE AUAYLE Agste Ao F
71t A o] FAe W A7t FAHT Ut
(Daniel et al., 1974; Hajaligol et al., 1988).
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s

Ca0 + 1/2 0z + SOz — CaSOq4 (2)
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COs H:O £917] 714 stellA 248 A3
= FL g9 V13 AFs & 2719 JFREE
Z+ =4 Borgwardt, 1970).
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(Szekely and Evans, 1976
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Table 1. Physical properties of limestone

sample surface area pore volume mean pore diameter appareant d§ns1ty
(m%/g) (cm*/g) (um) (g/cm”)
A 1.606 0.0416 1.346 2.913
B 0.563 0.0397 1.982 2.754
C 1.036 0.0768 1.120 2.869

AHEE 71 ol A whgrt2e] Fatel o3 &
A g9 10 > 8 > 01, AARL L 3Ehng

I gakoll osf &4 ¢ thHHajaligol et al., 1988).
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Fig. 1. Schematic diagram of experimental apparatus.
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Table 2. Chemical analysis of limestone

(unit: %)

sample SiOq FexOs AlO3;  CaO

MgO SOs NaO K20 Zn0 MnO

A 2.79 111 0.80 92.0
B 6.75 1.50 274 8348
C 598 2.74 2.68 86.5

2.46 004 002 0.47 0.04 0.00
2.07 003 073 1.22 0.02 0.11
112 003 025 0.56 0.05 0.08
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g3t w17 A e =@, d3e
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Fig. 2. Effect of temperature on the sulfation
conversion of lime(A, 2, = 032mm) under

S0, 3,000 ppm in an air gas stream.

ol &3t WHg7] W wrg FHoz YAY F
o] S ZA(LE: 800~1,000 °C, SO, FE&:
2,000~4,000 ppm, CO; H%:0~15%, d, : 0.15,
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At
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Ak
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Table 3. Experimental values of sulfation reaction of sorbent

Authors SO Operating Reaction Activation
concentration(ppm)  temperature(’C)  order energy(kcal/kmol)
“Sulfation of lime”
Borgwardt(1972) 58~6,000 650~980 1,008 8,100~18,100
Daniell et al.(1974) 3,163 590~950 - 12,446 ~ 25,001
March and Ulrichson(1985) 1,300~11,000 740~930 08~1.2 19,100
Borgwardt et al.(1987) 100~3,000 760~1,125 0.62 36,600
Simons et al.(1987) 297~317 745~755 1.0 33,660
Dennis and Hayhurst(1987) 280~2,300 600~1,000 1.0 9140%1,200
This work 2,000~4,000 750~950 0.96 17,000
“Direct sulfation of limestone”
Hajaligol et al. (1988) 3,000 500~940 - 15,600
Snow et al.(1988) 3,000 850~1,250 - 16,400
This work 3,000 800~1,000 - 19,500
= 150 min = X)& 900 “C7tA] Z7k&}A|9 1 o] BaA gAY J]3ES AAE °] CaSO; 2 A ¥

2 2xoME ZAadL Atk B4 3-S0.9 A
A w3 RuPPuw3(Z = 309)0]28, ¥hgo]
Ay go] wat AHEQ CaSO.8 71ZHY %3
oz A 7FATAA 71 F= (pore plugging)
o] dojutAl €t 7IFHI L dA R By
BEHo g 7|FE §F whgri2e FAbg e
. 28dEg 2EF7t e ¥gA Frie V)
T4 o3 HAAG FUtY MR g Af=E
A3 A3 23 SO; o AMA ¥ 900°Cel
A HAHY ¥gexE YeA Eoi(Hartman
and Tranka, 1980; Zarkanitis and Sotirchos,
1989). 38&huk-go] E&TAR] "Nk %Y B
43S o] 83t Fig. 29 AEE dolglz Ry ¥

3 w34 w84 (Reaction rate, B= 0,70/ Tren)

o x| A4(1/T)9 71712 2H, A43-S0,
AARe]  ZE7]  8AZuAs 17,000
kcal/kmolZ2 T8 & AUt o] ALgE oA
ATAES Aot A dRsta AH(Table 3).
HS- 2% 850-1,000 °C oA 1208 ¥ SO,
AAEEAZ AAE(A)Y] HHo dis] v &
e AR S Fig. 3o JeERAT @ whgex
(T=800 °C)ollM e wrg&xrtl ¢ Wi ze
SO; it mrl 27 gEo Z|1FYFAA AF
o] A3 AAHA FAch(Fig. 3-A). L
S 5 (Ts=950 °C, 1,000 ‘C)AME M34e o

# AHFig. 3-CD). o1& 71FHgL 71 Y70l
A B Ao Q% CaSOs 9 FHY HE
*:]\_. ‘1n~9~§- 013“ ?‘-_]o']"}‘tq OIJZ}LH"?‘E SOZ—O‘]
t% g 2328 32(>900 °C) dhellAd
L7t FHEFE AXH 7 SO, AA
%aﬂ Fagth w23 7)F3HYL AN g%
SOz A|A 58E 50% )4 71 & gles 84
F shuoldh
FEI AL B9 A gE3A X3S0,
o] ¥g&EE oSFd gol Jed £ U
(Borgwardt, 1970).

ru:

ax _ n
di = 7C, (8)
AAX 3 ( d,: 0.15, 0.32, 0.75 mm)oll 23 SO,

A A g &71 HEEz g SO, ¥:
(2,000, 3,000, 4,000 ppm)2 9GS Fig. 49 1»}6}
Uit E AN 27 we&Ee A (A

o] A@go] 5% 7AY L= Y3t —?a‘ig
™, Borgwardt(1970)2 A#-&o] 105 %7HA 9 &
=g H@se 27 458 78U Fig 4
¢ SOz ¥ WE &% diolete} 2 (R)ZHH
A A 3-S0; AAEY ¥gAF(n)E 0962 T
g Fojglen, Borgwardt(1970)2 HFE A4S
1.008 2 AMA &Y
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Fig. 3. SEM photograph(x 10,000) of sulfated lime(A, d, =032 mm) at sulfation 120 min with temperature: (A)

LN(R)

Fig.

830 “C(X = 0.34) (B) 900 "C(X = 0.40)
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4. Effect of SO; concentration(2,000~4,000 ppm)
in an air gas strem on initial sulfation rate

with lime particle sizes(A, d, = 015, 032,
0.75mm) at 850 °C.

(C) 950 °C(X = 038)

(D) 1,000 °C(X = 0.35)

getgo] 49 vits £58 2y
o] &3] & A3 -50.9 wHE-< T (reactivity,
R=07,/Tp)® % ARX vs. DO ot
AA =Y(C, d, 015 032, 055 075 mm)9
4L Fig. 50 el AXN3 QgAY 7%
WelA CaS0s8 FHo 93 7| FHFL wg 7}
2(S0y, 029 #atell Uis] & AL o7]A 79,
ol AL AN YRoA CaO-S0:8 A
Aurs-& A FAAG 2822 gy A7)
7V ENYSFE dg A7 Fabglor 2 1 R
71%ez 98 By 28 4& use CaO7t v
vhe AR J A "o v Hhgo] A9 &)
Z FuolAMwt APEGHE, A 2y A5
(1/dpyell g W& E(R)2 Fig. 59A Aoz
# A 9 (Borgwardt, 1970). I8 ¥HS-&E%E(R)
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Fig. 5. Effects of particle size on the sulfation
conversion and reactivity of lime(C) at 900 °C.
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Fig. 6. Pore size distribution of sulfated lime(C, d, -

032 mm) with sulfation time and temperature;
Te= 850 °C : O 20 min [] 40 min A 60 min
$ 120 min Te= 1,000 °C : @ 20 min W 40
min A 120 min
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Fig. 8. Weight fraction(w/w,) of limestone( d, = 0.32

mm) with sulfation temperature(A) and CQO:
concentration(B) for direct sulfation.
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g ayeg  J¥dA HRo AAWEY &%
= wgenrt Futgel @ Fohehuk(Fig.
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(pore plugging)® F2EA(Ca0)y WME FHAo
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of o3 A SO.9 ¥kl g ZHV &
A8 A= 19500 cal/molE FajATH o A
He ol dAFAEC] AMAG AF(Table 3)<}
A9 dAsta Ut

S22 (850~1,000 °C)oll thal FHA BE
Wel COp ¥%(0~15%)0 wE 4349l SO, A
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Fig. 9. Direct sulfation conversion of limestone( &, =

0.32 mm) with CO; concentration(0~15%) in a
gas stream at reaction time 120 min.
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Fig. 10. Surface area of calcined lime( (T,, = 0.32 mm)
with temperature(T:}) under air and CO:
concentration atmospheres : (O A(Air) [
B(Air) A C(Ai) @ B(CO: 5%) WM B(CO:
10%)

A3 vEHHE Fig. 109 Jehiiet. o
HtA o2 MAM3+= Tammann Temperature ©|4
AME CaO% AW EEE(SIO, MgO %)
o 9% dA A ZA(thermal sintering)® £97] 7}
2(COz, HO F)oll 93] A4dr) o33 242
AA3 W a#l(grain)e] 4% 2 71F A
g dody, A#Ho g AN HEdEH 7T
Fa9 a9 7IFAVY FHE oA
(Borgwardt et al, 1987). 2822 A3 & 44
257l WEFE2 Hog & uiEuEe Zetd B
A7l 72N COe AU AAM CaO A H
A5 Atolel A 7t A S dted [CaO-CO: -Cal]
of Bt AAJAHAAE e [Ca0-COz-Call
o] ARFAAZRE COt ol¥3}H, Ca0 2AZ
AEe 23 7299 AF AYRAE HisEe 3
4 Fxg At (Borgwardt, 1989). o &
Ca0 ZAZAAY AujdL Y39 uvFZBWHS
ZAAAIZIE, CO5, 10%) £97] stellA dRad
AN HERH L e 2 71 R F
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Ce CO: equilibrium concentration of limestone
in a bulk stream [gmol/cms]

Ce COq
[gmol/cms)

Co SO» concentration in a bulk stream [ppml]

concentration in a bulk stream

Derr effective product layer diffusivity [m?/s]
d, particle size of sorbent (CaO) [mm]

k sulfation reaction rate constant [m/s]

ks calcination reaction rate constant [m/s]
n reaction order of sorbent-SO;

m calcination reaction order of limestone
M; molecular weight of species of i [g]

R reactivity of sorbent-SO; reaction

r radius of the limestone {mm)]

I, initial radius of the sorbent [mm]

Pe equilibrium partial pressure of COz [atm]
t  reaction time [s]

T. calcination temperature of limestone [°C]
Ts sulfation temperature of sorbent ['C]

X sulfation conversion of sorbent

w weihgt of the sorbent at reaction time t {g]
wcao weight fraction of CaO in the sorbent

Wo initial weight of the sorbent [g]

Aw weight gain of the sorbent [g]

Z ratio of molar volumes of product and
reactant solid

Greek symbols

P molar density of limestone [gmol/cm’]

ps  calcite molar density [gmol/cm’]

8% ratio of diffusional to chemical resistance
1 effectiveness factor

Trn characteristics time for chemical reaction [s]
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