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Abstract

A theoretical model of vapour phase chemical reaction in a spouted bed reactor is proposed
to estimate the conversion of water gas reaction in a thermal cracking equipment of residual
oil, and experiments of water gas reaction alone were carried out for testing the validity of
the proposed model.

The experimental results indicated that the data obtained were consistent with the predicted
values from the model, and that reasonable conversion of water gas reaction can be calculated
readily from the present model derived from the hydrodynamic features of spouted beds and
will be applicable to estimate the heat and mass balance in thermal cracking equipments.
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Fig. 2 Flowsheet of experimental equipment

Table 1 Examples of experimental data

Run No. 12 14 8 16 7

reaction temp. °C 630 740 777 800 813
weight of coke in bed (g) 1, 000 1, 000 2, 000 1, 600 1,700
flow rate of steam {(moles/hr) 513 500 647 700 627
w/ttins (=) 1. 01 1.03 1.02 1.20 1. 08
column diameter (em) 10.5 10.5 13.1 10.5 13.1
L/D¢ (=) 2.33 2.33 2.07 3.41 1.81
Far () 0. 336 0. 330 0.332 0.283 0.314
F, (=) 0. 664 0. 670 0. 668 0.717 0. 686
ke (em/sec) 1.2x10-3 3.5x10-3 6.7x103 9.8x10-% 1.25x10-2
produced hydrogen (moles/hr) 2.7 8.7 20. 4 19.6 35.2
fractional conversion (=) 0. 005 0.017 0.032 0.028 0. 056

B K 700~830°C

KSES 20~60 mm Hg (# — < JF)

L|D. 1.5~3.4

Ufthos 1.01~1.30

KAE R OKH A Table 1 1Rk,

—HRIC = — 7 A LRGN B A A SR I T B 0, AEBIC L o — 2
AD X DWHRFED LRy DY D AFEE, 700°C DL RO TRIG S8 5% A ket 2o
DRIER

C+H,0=CO+H, A)
HEZDIEGTTTSTHY, SHERE (B) OFERKE (A) 15 &5 o Cioin,

AREEEE D X 5anrﬂ@}xﬁ”i| D CEL (0.4 BLUT) BUGHH T Cik, KERD KRR
Baxd s (B) O8I sL, MUTEDRLDLEELBND, FIEH N ADGHEE, B
b ENDMER I Ntoe Licd o TRER TG (A) OZAER L TKE N AR IGDREN % %
iz kL, FHHBSOKELRDKIGEILIBCIR E3A % NIc KK & AR UoKRER &



7 B 313 B S BOE O i 65

Table 2 Reaction rate constant of water gas reaction'®

temperature (°K) 1 900 1, 000 1, 100 1, 200 1, 300
ke (em/sec) I 3.65x 104 2.88x10~3 1.58 %102 6. 47 x 10~2 2.14x 101
1
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Fig. 3 Comparison of reaction rate constant kc with mass transfer coefficient k¢
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Fig. 4 Comparison of calculated values with experimental conversion
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Nomenclature
A, =cross-sectional area of annulus
C =concentration of reactant
C. =concentration of reactant in annulus gas
Cu =C, at z=L
Cp =concentration of reactant in total gas leaving the reactor
C; =concentration of reactant in gas entering the reactor
Cs; =concentration of reactant in spout gas
Cy* =Cs at z=L*
D. =column diameter
D; =gas inlet diameter
D, =particle diameter
D, =spout diameter
F, =gas flow rate in the annulus
F., =average gas flow rate in the annulus
F,; =gas flow rate in the annulus at z=1L
F, =gas flow rate in the spout
F, =average gas flow rate in the spout
F,.* =gas flow rate in the spout at z=L*
F, =total gas flow rate in the spouted bed
G  =gas mass flow rate in the spouted bed
k  =constant in Eq. (15)
k. =reaction rate constant
k, =mass transfer coefficient
%k, =overall reaction rate constant
L =bed height
L* =value at z at top of fountain

L =maximum spoutable bed depth

reaction rate group

N =moles of reactant
R =dimensionless
S, =surface area of particles

(Sp). =surface area of particles in the annulus at dz

(S;)s =surface area of particles in the spout at dz

t =time

w  =superficial gas velocity

223

=radial gas velocity

i,y =minimum superficial gas velocity for fluidizing

Mms =minimum superficial gas velocity for spouting

W =weight of particles in the bed

z  =vertical distance from gas inlet

a ={raction of particles existing in the spout
e, =annulus voidage

¢s =spout voidage

y  =fractional overall conversion of reactant
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p» =particles bulk density (g/cm?®)
ps  =particle density (gfem?)
¢s  =shape factor (—)

Literature cited

Becker , H. A.: Chem. Eng. Sci., 13 (1961), p. 245.

Chatterjee, A.: Ind. Ehg. Chem. Process Des. Develop., 9 (1970), 4, p. 531.
Vukovie, D. V.: Can. J. Chem. Eng., 54 (1976), p. 33.

B sl (B R (1968), p. 141

Mathur, K. B.: Chem. Eng. Sci., 29 (1974), p. 789.

PRz, IREEER - e CEsmacdE, 2 (1976), 5, p. 507.

BB, AMRE S TTAEEE 73 (1970), 3, p. 453.

M 4B, ABEJeh: TkEk 74 (1971), p. 933.

Volpicelli, G.: Ingegneria Chimica Italiana, 1 (1965), 2, p. 37.

Lim, C. J., Mathur, K. B.: AICRE Journal. 22 (1976), 4, p. 674

Mathur, K. B., Gishler, P. E.: AIChE Journal, 1 (1955), 2, p. 157.

Mamuro, T., Hattori, H.: J. Chem. Eng. Japan, 1 (1968), 1, p. 1.

Mathur, K. B., Epstein, N.: Spouted Beds (1974) p. 111, Academic Press.
McNab, G. S.: Brit. Chem. Eng. Proc. Tech., 17 (1972), p. 532.

B B, ABBER: LT, 32 (1968), p. 895.

Lowry, H. H.: Chemistry of Coal Utilization (1963) p. 900, John Wiley & Sons.
BB : Bk TEE (1960) p. 162, PEERE.

Lowry, H. H.: Chemistry of Coal Utilization (1963) p. 890, John Wiley & Sons.
KR Sefl: LB T(% (1958) p. 266, L3k

10



