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Abstract — The highly exothermic fixed-bed catalytic reactor for the partial oxidation of o-xylene to phthalic anhydride was
studied with the objective of analyzing heat transfer phenomena and reaction rate. The conventional problem of highly exo-
thermic fixed-bed catalytic reactor is closely associated with a hot spot which leads to excessive temperature rise due to
immoderate oxidation reaction at inlet region of reactor. At some location of axial direction hot spot gives rise to decrease of
yield for desired product, unstable operation of fixed-bed catalytic reactor, rapid activity reduction of catalyst at hot spot zone,
and explosion of reactor in extreme cases. The heat transfer phenomena in such a highly exothermic fixed-bed catalytic reactor
are studied by using heat transfer parameters and the reaction rate which is the essential cause of heat problem is also studied.
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Table 1. Reactor, catalyst characteristics and operation conditions

Reactor geometry - Total length 32m
Tube ID 0.025m
Tube OD 0.029 m
Packed length 2.58m
Fixed-bed void fraction 0.7.
Fixed-bed butk density 850 kg/m®
Catalyst(V,04/TiO,)  Density 2,600 kg/m®
Specific heat 1.338 KI/Kg°C
Operation conditions  Salt bath temperature 350-380°C
o-x feed concentration 3-6 wt% of o-x in air
Air flow rates 2-4 Nm*hr
Inlet pressure 525 mbar G
Outlet pressure 152 mbar G
Inlet feed temperature 160-190°C
Coolant Specific heat 1.567 kJ/kg - K
Density 1,760 kg/m’
Inlet temperature 340-370°C
Outlet temperature 345-375°C
Flow rate 6,000-10,000 m>/hr
Heat of reaction AH, 1.285 E6 kJ/kmol
AH, 3.279 E6 kJ/kmol
AHj 4.564 E6 kl/kmol
Reactor size Cross section area of ring 25.57 m?
Cross section area of tubes 133 m?
Coolant flow area 123 m?
Heat transfer length 1,832 m
Heat transfer area per unit 149 m™
volume
(@ .
v :Experimental data
450 | O  :Simulated data
g o : Coolaat Temp,
§&
§ 400
=

(b) 1.0 1.0
Yield
08 - - 0.8
o
.g 0.6 -1 0.6
-
2 04 - 0.4
= Conversion
02 | -102
0.0 . 1 . 0.0
0.0 02 04 0.6 0.8 1.0

Reactor length( = z/L )

Fig. 1. Best fitting of two layer catalytic reactor for the estimation of
optimum parameters.
(Air : o-xylene=20: 1, SBT=354.2 °C)

A3 & B3t Z AHEE 2ARIYTH20, 21, 23].
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Fig. 2. Best fitting of one layer catalytic reactor.
(Air: 0-X=20: 1, SBT=354.2 °C)
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o A AR w19 A Eujie] Zo)e ojza wh3-7)9} 7+
e 258 mE AMEIYI ol5Re] W yPozuy g parameter
€ TA%el AR-3I%ITH20, 21, 23].

- AES whe719) AAPL g 2P war 23 7 &
e FHBAE} 2+ Zojzo) Zo)uo)r}. o)yst ZA3YA o)
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Table 2. Comparison between one and two fixed-bed reactors performances

O :Simulated data
O :Coolant
o Bor —:w-m-n:.-p
1
£ 400
§
=
350
0.
1.0
g 038
€ o6} 406
&
e 04} -1 04
S
= 02l Conversion 402
0.0 1 1 1 0.0
0.0 0.2 04 0.6 (1X] 1.0

Reactor Length(7=2z/L )

Fig. 3. Best fitting of three layer catalytic reactor.
(air : o-xylene=20: 1, SBT=354.2 °C)

O :Simulated data
G 450 - O : Coolant temp.
8
g
§
~
=
-]
g o6l H 06
<&
2 04} 404
= Conversion
02 + - 0.2
0.0 1 1 L 0.0
0.0 02 0.4 0.6 0.8 1.0
Reactor Length( 7= 2/1, )

Fig. 4. Best fitting of four layer catalytic reactor.
(air : o-xylene=20: 1, SBT=354.2 °C)

B 2o, 2 Julde) YUBAE, 27 WG, 48, 7 Eoj2e
A 2= 5ol e FBE Table 39 WA 2350 oo
3018 0202 UM met WA Wgo] 4 Zape] 1 Uy
o W3] ME) ofE & FolN Fu AgE A% we ox

Condition[two-bed] Upper layer Lower layer Condition[one-bed] F=F;=F,=1.24

Hot spot[°C] observed 423.40°C 373.10°C Hot spot[°C] predicted 459.55°C
predicted 423.87°C 373.25°C

Conversion[%] observed 99.99 Conversion[%] predicted 97.74
predicted 98.29

Selectivity[%] observed 78.80 Selectivity[%] predicted 80.49
predicted 80.29

Yield{%] observed 78.80 Yield{%] predicted 78.68
predicted 78.92

Predicted relative activity 1 Predicted relative activity 1.24

B34 q37A 38 199941 63
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Table 3. Estimated values for three and four fixed-bed reactors

we7lol e B

Three-bed
Catalyst bed First-bed Second-bed Third-bed
Reactor length(m) 1.0 1.10 0.48
Relative activity 0.76 1.63 224
Hot spot(°C) 401.51 388.85 366.79
Conversion(%) 98.25
Yield(%) 78.79

Four-bed
Catalyst bed First-bed  Second-bed  Third-bed  Fourth-bed
Reactor length(m) 1.0 0.5 048 0.6
Relative activity 051 1.01 1.91 2.64
Hot spot(°C) 386.2 385.6 384.5 375.2
Conversion(%) 98.01
Yield(%) 78.03
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Fig. 6. Axial wall and coolant temperature profiles of two catalytic
fixed-bed reactor for wall heat transfer coefficient changes.
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Fig. 7. Axial temperature profiles of two catalytic fixed-bed reactor.
a: effective axial dispersion coefficient changes
b : effective radial dispersion coefficient changes
¢ : effective axial dispersion thermal conductivity changes
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Fig. 8. Axial center temperature profiles of two catalytic fixed-bed
reactor for effective radial dispersion thermal conductivity chan-
ges.
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tivity coefficient changes.
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A :heat transfer area per unit volume [m™]
C, : concentration of o-xylene [kmol/m?]

:inlet concentration of A [kmol/m3]

Cp  :concentration of phthalic anhydride [kmol/m’]
G : concentration of species j [kmol/m’]

G, : specific heat [kJ/kg * K]

D,,  :radial diffusion coefficient [m¥s]
D, : axial diffusion coefficient [m?%s]
E; : activation energy of reaction i(i=A, B, C) [kJ/kmol]

(—AH,)) : heat of reaction i [kJ/kmol]

k; : Arthenius type rate constant(i=1, 2, 3) [s]
ko; : pre-exponential factor(i=1, 2, 3) [s7!]

L : reactor length [m)

Pe,, :axial heat Peclet number

Pe,, :axial mass Peclet number

Pe,, :radial mass Peclet number

R :radius of reactor tube [m]

r :radius coordinate [m]

I; :rate of i-th reaction(i=A, B, C) [kmol/m® - §]
T : temperature [K]

T, : temperature of coolant [K]

T, cinlet fluid temperature [K]

t : time [s]

h, :wall heat transfer coefficient [w/m® + K]
u, : coolant velocity [m/s]

us :fluid velocity [m/s]

u, :inlet fluid velocity [m/s]

Y, :mole fraction of oxygen

z :axial coordinate [m]

€ :void of bed

p : density [kg/m’]

A, s effective radial thermal conductivity [kJ/m - s + K]

A,  :effective axial thermal conductivity [kJ/m - s * K]

#xt

A : 0-xylene

B : phthalic anhydride
c : coolant

e : effective

f : fluid

i tA,B,Cor 1,23
j : species

Siataat X373 M38 19994 63

[} : initial
m : mixture
s : solid
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