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Abstract — In the present work, a reaction of sulfur removal and simulation of desulfurization based on the grain
model and two-phase theory were studied using natural manganese ore (NMO) as a sorbent in a continuous fluidized
bed reactor. The effect of desulfurization was investigated through the grain model considered the change of pore struc-
ture as a function of desulfurization time, particle size of NMO, and diffusion velocity of SO, in the pores. Among these
parameters, the diffusion of SO, in the pores of NMO was the most important factor. Moreover, the reaction of sulfur
removal and desulfurization in a continuous fluidized bed reactor using NMO as a sorbent could be well predict through
the grain model and two-phase theory, respectively.
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Fig. 1. The procedure of simulation in this work.
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Fig. 2. Schematic diagram of the fluidised bed reactor system for
continuous DeSOx operation.
1. Fluidized bed

7. Ribonscrew type feeder
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3. Mass flow controller 9. Dry ice trap
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5. Pressure transducer
6. Temperature controller

11. Gas analyzer
12. Data aquisition system
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Table 1. Chemical and physical properties of the NMO
(a) Chemical analyses(wt.%)
Component Mn SiO, ALO; Fe CaO MgO Balance O, of Mn and Fe
wt.% 51.85 3.13 2.51 3.86 0.11 0.25 3833

(b) Physical properties

Mean particle size (mm) 0.359,0.715
Density (kg/m?) 3980

Pore volume (cm?/g) 0.0392 (5-3000 A?)
Surface area (m?/g) 24.0
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Fig. 3. The concentration of SO, within particle according to sulfa-
tion time (D,=0.359 mm, Cy=3.2x10"* mol/cm®, K=6.6 cm/sec,
r,=1.0x10° cm, D=0.075 cm”/sec, and D;=1.2x10"* cm’/sec).
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Fig. 4. Overall conversion of NMO according to the sulfation time
with variation of particle size (C,=3.2x10® mol/em®, K=6.6 cm/
sec, rg=1.0><10’5 cm, D=0.075 cm*/sec, and D3.=1.2><10ﬂ8 cmz/sec).
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Fig. 6. Computed SO, concentration profiles in a fluidised bed reac-
tor with Wen & Morris bubble equation by two-phase theory
(Dp=0.359 mm, U,=0.204 m/sec, k,=5.5 sec, temp.=400 °C,
sorbent feeding rate=4.04 g/min).
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AR SRS s The ) gk
9l 7)) A% SR CGS H9IR 0he} 28 A of
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u, =22.26 D} (A-1)
S el 7139 s Hee vt 2t
up = uo_umf+ ubriuso (A'z)

Two-phase ©]&°l] 2™ bubble?] &7} 2t AJellx Q] 7tA~& e

£ okt 2],

u,—u,r
f,=—2__m A-
s (A-3)
uge = (1 7fb)um/' (A'4)
Use = Ugo (A's)
Ugy, = U, — Uy, (A-6)

Hof 71¥=1718} 7] 7]1¥ 7]+ Wen-Mori correlation[15] 22
o]-g3l AT

Dbmax_Db ( 03h)

—bmax b _ _=20 A-
Dbmax_Dbo xp Dr ( 7)
Dy, = 0.00376(u, ~u,,)’ (A-8)
D = 0.652[A,(u,~1,,)]"* (A-9)

Gas exchange coefficientss= Kunii®} Levenspiel[16]°] #|<F3F A+
T2 o] g3isitt.

4 oY Dyg”
(kpe), = 4'5(D_1) + 5.85[—]527j (A-9)
Effective diffusivity:= tha-3} 2o] ZARIITH17].
Dgy=2,D (A-10)

TE0l= 55 UFE €4 A0 e ZF F2ex g
bubble®] =71:= L4738k emulsion 32| FE ¢, 2he 7HE
A ol A& WEShe $%0]E iteration®. ® AXFEIATE o)==
Viswanathan®] A8 55 FARS &S ZAolth18].

H,

Hyy = $Ab(1=1, ) (A-11)
713 2715 dEshs A2 thad 22 Al 714 2192115 AR
Eri=s

Db = 0‘14pA\'dp(U(1/Umf)h +Db(} (A_]z)

Dbmax Db 0.3h

Dbmux Dbo - pI:_ Dt :I (A-13)
0.94

D, =D, +0.027(u,—u,,) (A-14)
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: cross sectional area of the bed [cm?]

: SO, gas concentration in a particle [mol/cm?]
: SO, gas concentraion in a grain [mol/cm’]

: SO, gas concentration in reaction interface in a grain [mol/cm?’]
: 8O, gas concentration in bubble phase [mol/cm®]

: SO, gas concentraion in emulsion phase [mol/cm’]
: SO, gas concentraion in exit gas [mol/cm?]

: diffusivity [em?/sec]

: Knudsen diffusivity [cm*/sec]

effective molecular diffusivity [cm*/sec]

: bubble size [cm]

: initial bubble size [cm]

: maximum bubble size [cm]

: effective diffusivity in grain model [cm?/sec]
: effective diffusivity in emusion phase [cm?/sec]
: product layer diffusivity [cm%/sec]

: diameter of bed [cm]

: solid residence time distribution [—]

: porocity of NMO [-]

: porocity by defined Eq’n (6) []

: reaction interfacial area per unit volume [cm]
: solid feeding rate [g/min]

: bubble fraction [—]

: emulsion fraction [—]

: gravitational acceleration [cm/sec?]

: height from the distributor [cm]

: bed height [cm]

: reaction rate in grain model [cm/sec]

: equilibrium constant [psig®”]

: bubble to cloude gas interchange coefficient [cm/sec]
: frequency factor or preexponencial factor [sec™]
: reaction rate constant [sec™']

: molecular weight [g/mol]

: moles of SO, [mol]

: number of solid grains per unit volume [—]

: partial presure [N/m”]

: critical pressure of component i [psig]

: gas constant or particle radius [-] or [cm]

: reaction interface from core in a grain [cm]

: grain radius [cm]

: position in a grain [cm]

: temperature [K]

: critical temperature [K]

: time [sec]

: solid mean residence time [sec]

: bubble rise velocity [cm/sec]

: relative bubble rise velocity [cm/sec]

: bubble gas velocity [cm/sec]

: emulsion gas velocity [cm/sec]
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u,,, :minimum fluidization gas velocity [cm/sec]
u, : superficial gas velocity [cm/sec]
u, :solid velocity in emulsion phase [cm/sec]
u,, : superficial solid velocity [cm/sec]
Vs : unit solid volume [cm?
W : initially charged sorbent weight in the bed [g]
X, : SO, gas conversion from gas mass balance [-]
X;  : 80, gas conversion from solid mass balance [—]
X;  :solid local conversion [-]
X,  :solid overall conversion [—]
J2[o|A 2K}
Y : pore radius [cm]
€ : particle porocity [—]
€, : voidage of incipient fluidized bed [-]
p : molar density [mol/cm?]
T : tortuosity [—]
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