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Abstract — A particle population balance has been developed to analyze characteristics concerning solid flow rates of input
and output streams and their particle size distributions in a fluidized bed high pressure hot-gas desulfurization pmcess of th
IGCC system that consists of a desulfurizer and a regenerator. Simulation on the solid flow rate and its particle size distribu
tion has been carried out with variations of principal process parameters such as the attrition rate constant of s@abent, cut d
eter of the cyclone, bed weight and gas velocity in the desulfurizer and the cut diameter of the cyclone in the regenerator. As
the attrition rate constant of sorbent, the bed weight and gas velocity of the desulfurizer increased, the feed ratetmritesh s
and the flow rate of solid from the regenerator to the desulfurizer were predicted to increase. As cut diameters of rdesulfurize
and regenerator cyclones increased, the feed rate of fresh sorbent were predicted to increase, however, the flow rate of solid
from the regenerator to the desulfurizer were predicted to decrease. The most important factor affecting solid flowprates of in
and output streams and their particle size distributions was found to be the cut diameter of the desulfurizer cycloog. Effects
the attrition rate constant of sorbent, gas velocity and bed weight in the desulfurizer on the feed rate of fresh sgpbent were
dicted somewhat important because they affect the particle attrition rate. Particle size distributions of the process- were infl
enced mainly by the collection efficiency of the desulfurizer cyclone, however, effects of other parameters were negligible. Th
gas velocity in the desulfurizer was found the most important parameter for load control and the effect of the collection effi-
ciency of the desulfurizer cyclone on load control was moderate.
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Fig. 1. Flow diagram of a fluidized-bed hot gas desulfurization system.
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Table 1. Composition of fluidizing gas in the desulfurizer and regenerator

" (20) Desulfurizer:
(Py(U-Un’D Py Component H CO N CO HO HS
Cie FHAFE ovlahH ok} o] xdH Mole fraction ~ 0.306 0.382 0.000 0.125 0.183 0.004
%?MR% for Rg<58 Regenerator:
Co= 00/ Ré’?  for 5.& Rg<540 (1) Component ) N, )
[0.43 for 540 Re Mole fraction 0.0126 0.9790 0.0084
Table 2. Size distribution of fresh sorbent
Sieve sizeyi] -200 -190 -162 -147 -134 -123 -111 -96 -74 -53
+190 +162 +147 +134 +123 +111 +96 +74 +53 +0
Weight fraction [-] 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
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Fig. 2. Solid flow rate versus cut diameter of the desulfurizer cyclone.
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Table 3. Effects of process variables on solid flow rates{FF; ) and particle size distributions of the process

. Fo Fio Change of process particle size
Parameter of the desulfurizer(range) Rangesing/s  Exponents of Rangesing/s  Exponents of distribution
(trends)* parameters (trends)* parameters
Static bed height(0.05-0.5 m) 0.02-0.1%( 0.845 1554-1564() 0.0028 Minor
Particle attrition rate constan10°-1x 107/cm)  0.01-0.25() 0.699 1552-1570() 0.0025 Minor
Cyclone cut diameter(5-30m) 0.05-0.35() 1.0¢ 1850-1300() -0.197 Significant
Gas velocity(200-500 cm/s) 0.06-0.13( 0.844 1000-2100() 0.810 Minor

* 1 : Decreasing : Increasing
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FAO eIy G937 Alo|FEo ¥R a9 RujFel gaks vk po(X) : probability density function of size x of particles formed by
kow EpRSES] J3Re FAIE = YT attrition in the regenerator [1/m]
gayg o] Falxd W deE ¢ JE drEe 9324 # Pe1(X) : probability density function of size x of particles in the desul-
Zo] 71 FasY, @HE Alo|FEY ZHES F AlO|FEY £ furizer [1/m]
WA= AT IS v 02 AEHJ T @FZ2d4] A 71AH Pe(X) : probability density function of size x of particles in the re-
Fo| 710 U TP e SRR V840 Sl nE AP generator [1/m]
2R FY¥ e 2984 f39 VIR 71esid, Ad71A059 H,SE R(x) :shrinking rate of particle sphere [m/s]
=9 St g Filzde g3 gGAFEolE ZUMA 719 Ry(x) :shrinking rate of particle sphere in desulfurizer [m/s]
WS AFAIZEE SR JHsE o2 ATH T R,(X) :shrinking rate of particle sphere in regenerator [m/s]
R, : total attrition rate [kg/s]
Z+ A} R,y  :formation of fine particles by particle attrition in desulfurizer [kg/s]
R, :formation of fine particles by particle attrition in regenrator [kg/s]
2 A7e gAANERZSTEAE (G d8hez YRS Re, :particle Reynolds number,dpy/u [-]
A7) 2] ZA=H ) Ry, :fraction of particles fed to regenerator among particles captured
by desulfurizer cyclone [-]
AEI S R, : fraction of particles fed to regenerator among particles captured
by regenerator cyclone [-]
a : decay constant [1/m] t s time [s]
Ar : Archimedes number [-] U : superficial gas velocity [m/s]
Cy : drag coefficient [-] U,; :U at minimum fluidizing condition [m/s]
dy : particle diameter [m] w : weight of bed solids [kg]
D, : column diameter [m] W,;  :weight of bed solids in desulfurizer [kg]
Ei* : entrainment rate of particles in size i [kg/ms] W,  :weight of bed solids in regenerator [kg]
Ei* : cluster flux of entrained particles in size i [kg/ms] X : diameter of particle [m]
Ei*w - dispersed noncluster flux of entrained particles in size i or elutria- X.,,, :maximum diameter of particle [m]
tion rate constant of particles in size i above TDH [Rg/rs] Yi : weight fraction of size x of particles in the flow rate[-F
Fq : drag force on the particle per projection area [Pa] Ypr :weight fraction of size x of particles in the desulfurizer [-]
Fy : gravity force minus buoyancy force per projection area of particle Y., :weight fraction of size x of particles in the regenerator [-]
[Pa]
Fo - solid flow rate of fresh feed [kg/s] Jz2[o|a EXt
Fi : solid flow rate of bed drain in the desulfurizer [kg/s] 044(x) : function defined by Eq. (2) [1/m]
Fio  :solid flow rate from the regenerator to the desulfurizer [kg/s]  a,,(X) : function defined by Eq. (3) [1/m]
F, : flow rate of entrained solids from the desulfurizer [kg/s] a45(X) :function defined by Eq. (4) [1/h
Fs : flow rate of solids collected in the desulfurizer cyclone [kg/s]  a,4(x) : function defined by Eq. (8) [1/m]
Fa : flow rate of solids passing the desulfurizer cyclone [kg/s] O,5(X) :function defined by Eq. (9) [1/m]
Fs :flow rate of discharged solids among solids collected in the a,4(x) : function defined by Eq. (10) [1/h
desulfurizer cyclone [kg/s] Y, (x) : particle collection efficiency in size x of the desulfurizer cyclone [-]
Fe : flow rate of entrained solids from the regenerator [kg/s] Y,(x) :particle collection efficiency in size x of the regenerator cyclone [-]
F; : flow rate of solids collected in the regenerator cyclone [kg/s] [ : gas viscosity [Pa s]
Fe : flow rate of solids passing the regenerator cyclone [kg/s] Py : gas density [kg/f}
Fo :flow rate of discharged solids among solids collected in the pj : apparent particle density [kgfin
regenerator cyclone [kg/s]
Fro :bottom solid discharge from regenerator [kg/s] 125
g : gravitational acceleration [m]s
Hy - bed height calculated from Eq. (19) [m] 1.i, C. K.: “Solid Circulation Technology for the Stable Operation of
i 2 Hp at Uy [m] a Hot Gas Desulfurization Bench-Scale Unit(IGCC Research
Hg : static bed height [m] Report, Taejon, 1(1998).
Ht* - column height [m] 2.Ji, P. S.: “Development of a Hot Gas Clean-up Technology for
Ki(X) : particle entrainment rate in size x from the desulfurizer [kg/s] IGCC?IGCC Research Report, Taejon, 45(1994).
KxX) :particle entrainment rate in size x from the regenerator [kg/s] 3. Lee, T. J., Park, N. K., Kim, J. H., Kim, K. S., Park, Y. W. and Lee.
K,  :attrition rate constant [1/m] C. K.: HWAHAK KONGHAK 34, 435(1996).
pi(x) :probability density function of size x of particles in the flow 4 kang, S. H., Lee, Y. W,, Kang, Y., Han, K. H., Lee, C. K. and Jin,
rate F[1/m] K. T.: HWAHAK KONGHAK 35, 642(1997).
P1(X) :probability density function of size x of particles formed by 5 Gupta, R. P. and Gangwal, S. K.: “Enhanced Durability of Desulfu-
attrition in the desulfurizer [1/m] rization Sorbents for Fluidized-Bed ApplicattddOE Report DOE/
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