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Figure 1.1 Typical configuration for circulating fluidized bed system.
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Table 1.1 Key features that distinguish circulating fluidized bed reactors from low-velocity
fluidized beds and from dilute-phase transport reactors

Low-velocity fluidized
bed reactors

Circulating fluidized
bed rcactors

Dilute-phase transport
reactors

Particle
histories

Hydrodynamic
regime (see
section 1.5)

Superficial gas
velocity

Mean particle
diameter

Net circulation
flux of solids

Voidage

Gas mixing

Particles spend substan-
tial time (minutes or
hours) in main reactor
vessel. Occasional
excursions through
cyclone and standpipe

Bubbling, slugging or
turbulent fluidization,
with a distinct upper
interface

Generally below 2m/s
0.03 to 3mm

Low, gegerally 0.1 to
Skg/m-s
Typically 0.6 to 0.8 in

hed. Much higher in
freeboard above bed

Substantial axial
dispersion: complex
two-phase behaviour

Particles pass repeatedly
through the recirculat-
ing system,; residence
time in the main vessel
for each circuit is
counted in seconds

Usually fast
fluidization, though
bottom of the reactor
may correspond to
turbulent fluidization
conditions or even
bubbling

Usually 3 to 16 m/s
Usually 0.05 to 0.5mm

Substamial,ﬂe,g. 15to
1000 kg/m~s

Typically 0.8 to 0.98
averaged over riser

Some gas downflow
near walls typically
results in intermediate
Qs mixing

Once-through system

Dilute transport
conditions

Usually 15 to 20m/s

Typically 0.02 to
0.08 mm

Up to ~20kg/m’s

Generally >0.99

Very little axial
dispersion
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Table 1.2 Typical advantages and disadvantages of CFB reactors relative to conventional low-
velocity fluidized bed reactors without baffles

Advantages:

1. Improved gas-solid contacting given the lack of bubbles;

2. Reduced axial dispersion of gas;

3. Reduced cross-sectional area given the higher superficial velocities;

4. Potentially more control over suspension-to-wall heat transfer because of the ability to use the
solids circulation flux as an additional variable;

5. No region like the freeboard region of low-velocity beds where there can be substantial
temperature gradients;

6. Less tendency to show particle segregation and agglomeration;

7. Recirculation loop provides a location where a separate operation (e.g. regeneration or heat
transfer) can be carried out;

8. Easier to have staged processes;
9. Because of superior radial mixing, fewer solids feed-points are needed;
10. Higher solids flux through the reactor

Disadvantages:

. Increased overall reactor height;

. Higher capital cost;

. Decreased suspension-to-wall heat transfer coefficients for given particles;
Somewhat more restricted range of particle properties;

Do not lend themselves to horizontal surfaces due to erosion of in-bed surfaces;
. Added complexity in designing and operating recirculating loop;

. Increased particle attrition.

Nowv kLo —

E2 Qlsto] oArtA] stetgAel AREEI vt AFRTE
22l FAAE ZAA S&FT YA 2r}. Fluid catalytic cracking (FCC) ¢+
circulating fluidized bed combustion (CFBC, w=%f&535dA4)7 =83 g8 Foke|t}. i
ESfssol g odY dAFE, 53 w@IaAgeAld Aol dAE0]
Squires(1994)9] <& A&® v} At} FCCHFAES s 1940dd] CFBY Z7A& Yol
UARE 2] FAHI Fof FAE Q&) FAde 23 A7 o 289t CFBC
Sl CFBY 2AWHe A8E 2tx JW Reh (19719 7/MH A0 A57F CFB 7&
w&5e S 7FA gtk Reh (1986)+= LurgiZb ol FAE &4 3 A4 7 A}
ksl Agylekith 1990 Y] Fwbel= CFB s3dS 2& FCC FUEZ MAIA o=
250707F &1 E e CFBC fFUELE 9F 400709 o2t} vEo] 707] o]ide] A
cold modelE°e] £45FAY}. FCC¢ CFBCY} <3755 9 9 7|2 A& AA
FHOEE FHES OE S&Eot ATEHIL o Foll dFE APA R NEEIA
M ol Av. Table 1.3 &-&ioket =8 Fuid& Aessinh

Lr&mﬁﬁmlmﬁﬁi



A

Table 1.3 Applications of CFB reactors and key references

1. Gas—solids reactions (see also CHapters 10 to 12)

Combustion of coal, wood and shale Reh, 1986, 1995; Yerushalmi, 1986
Incineration of solid waste Chang et al., 1987
Hallstrom and Karlsson, 1991
Synthesis of AlF; and SiC Reh, 1995
Recovery/cleaning of off-gases ‘Reh, 1986
Desulphurization of flue gas Graf, 1986
Gasification of coal, biomass, etc. - Blackaddereral., 1991; Hirschet al.,
1986; Reh, 1995
Calcination of alumina, phosphute rock, clay, ete. Reh, 1971, 1986, 1995
Reduction of iron ore, lateritic nickel ore, etc. Hirsch er al., 1986; Suzuki et al.,
1990
Roasting of sulphidic ores (ZnS. Cu,S, gold ores) Reh, 1995
Dchydration of boric acid ‘ Li et al., 1990
Decomposition of sulphate, chloride and carbonate Reh, 1995
Cement production Deng, 1993
11. Solid-catalysed gas-phase reactions (see also Chapters 13 and 14)
Fluid catalytic cracking (FCC) Avidan et al., 1990; King, 1992
Fischer—Tropsch synthesis Shingles and McDonald, 1988
Butane oxidation to maleic anhydride Contractor, 1988
Oxidation of o-xylene/naphthalene to phthalic anhydride Wainwright and Hoffman, 1974
Ethylene epoxidation Park and Gau, 1986
Oxidative dehydrogenation of butene to butadiene Liu et al., 1989
Oxidative coupling of methane to cthylene and ethane Baerns et al., 1994
Methanol to olefins Schoenfelder er al., 1994
Simultaneous NO, and SO, removal from off-gases Reh, 1995
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