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ABSTRACT

Gas-phase dehydration of ethanol to ethylene was studied over u-alumina catalyst in a
tubular packed bed recactor, and its cyclic operation was also investigated experimentally.
The effect of temperature (300—375°C) and liquid feed rate (0. 041—0. 321 cc/sec) on formation
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** A QA g (F) 4 FodF4 (Food Research Laboratory, Cheil Sugar Co., Ltd.)
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of ethylene and ether was investigated, and from experimental results and by means of a
mathematical model the reaction system was found to be composed of dehydration of ethanol

to ethylene,

reaction of ethanol to ether and its dehydration to ethylene.

The activation

energy of each reaction step was estimated from variations in rate constant with reaction

temperature. The effect of intraphase diffusional resistance on the reaction was also inves-

tigated. Cyclic operation was performed by cycling liquid feed rate in order to see whether

yield of ethylene was improved. Experimental results indicated that a small increase in

production rate could be obtained in comparision with a steady state operation at the time

average feed rate.
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Table 1. Property of y—Alumina used

Property Value
Pellet size 3/16” x 1/8"
2an Crystallite size 49 A

Surface Area 165 m%/gr

Density 3.508 gr/ce

Pore Volume(cc/gr) Pore Diameter Range

(Microns : 107%m)

0.01 175-1.75
0.03 1.75-0.08
0.00 0. 08-0. 014
0.29 0. 014-0. 0029
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Table 2. Values of &;(m;L)? and e3(m3L)? at Various
Reaction Temperatures

C:H:OH 2%, CH, + H,0 A
CaHsOC:Hs —2, 9C,H, + H,0 ©
Reaction Temp. (°C) ' e (mL)? €3(mal)?
300 0.01 0.09
325 0.17 0.33
{0.18) (0. 39)
350 0.39 1.45
375 0.69 3.31

Note: Value in parenthesis is obtained when 7-10
mesh catalyst is used
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Table 3. Values of Reaction Rate Constants at Va-
rious Reaction Temperatures

Reaction | k& (cc ka(cc®/gr.sec. | kslcc

Temp.(°C)| _/gr. sec) grmole) /gr. sec)
300 0. 0565 0.7919 X 10° 0.4019
325 0. 7425 0. 1676 X 10° 1. 4380
350 1. 7160 0. 3919 x 108 6. 2760
375 3.0210 0. 8080 X 10° 14. 2900

Table 4. Activation Energy

. Activation Energy
Reaction ’ (Kcal/mole)

(A) C:Hs;OH—CH, + H:0 38.16
(B) 2C.H;0H—-C:Hs0CH; + H:0 23.06
(C) CzHs0CHs;—2C,H, + H20 36. 06
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Fig. 12. Period dependence of the ethanol convers-
ion at a reaction temperature of 325°C and
feedrate of 0.1334 cc/sec.
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Nomenclature

Roman letters
a Dimensionless parameter[L/R;]
C Concentration[mole/cc]

Cae Equilbrium concentration of ethanol on
the catalyst surface[mole/cc]

Cae Concentration of ethanol in gas phase
Cmole/cc]

HWAHAK KONGHAK Vel. 20, No. 6, December 1982



470 g - F23F - o] YT

Cy. Feed concentration of ethanol[mole/cc]

Cys Concentration of ethanol at catalyst sur-
face[mole/cc]

Cr Concentration of ether[mole/cc]
D, Calculation group[pL/uj

D,, D, Effective diffusivity for radial and
axial directions, respectively[cm?/sec]

d, Diameter of a particle[cm]
k  Reaction rate constant

L Reactor lengthlcm]

mL Thiele modulus

P.,, P,z Peclet number for radial and axial

directions, respectively(Pw = %R’ , Pez

_ uL)

= 7.

R Reaction rate per unit mass of catalyst
[(mol/gr-catssec]

R: Radius of tube[cm]

r Radial distance

r4 Reaction rate of ethanolmole/gr-cat+sec]

(r4)eps Observable reaction rate of ethanol
(mole/grecat-sec]

ras Reaction rate of ethanol without diffus-
ion[mole/gr.catssec]

ras’ Reaction rate of ethanol without diffusion
per unit volume of catalyst[mole/cc.cat+
sec]

re Rate of formation of ether[mole/gr-cats
sec]

ro Rate of formation of ethylene[mole/gre
catssec]

rw Rate of formation of water[mole/gr-cat.
sec]

#  Superfical velocity[cm/sec]

¥V Velocity[cm/sec]

v  Volume flow rate[cc/sec’

W Weight of component[gr]

w Radial dimensionless length (»/R:]

x Axial dimensionless length[z/L]

v, Concentration dimensionless variable[W
/VCaa]

z Reactor axial length{cm]

sl5t33 H203 H 6% 1982 128

Greek letters

¢  Effectiveness factor
0 Dimensionless time[t/(L/u)]
7 Contact timelgr-catesec/cc]
¢ Gas phase correction factor
g 9
Conversion Moles of ethanol reacted/Moles:

of ethanol in feed.

Contact time Weight of catalyst in reactor/’
Volume flow rate of feed at
reaction temp. and pressure.

Moles of ethylene produced/”
Moles of ethanol in feed.

Yield

2 R

E ATE A% F40% AT 2 92y
Nissan Girdler Catalyst Co., Ltd.¢f] Z}FAHE =
e
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