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Model Experiment on Continuous Degassing with Inner
Circulation and Its Analysis

Takuya UEpa, Sadao FURUYAMA, and Ryuichi NAKAGAWA

Synopsis:

(1) Residence time distribution function E(¢) in continuous degassing reactor was theoretically
derived from the assumption that mixing in vessel was expressed as recirculation model with plug flow
and perfect mixing.

The equation was shown as follows:

E@:d?’l;*-@+m%%eWWM+m}
‘m=0 TC:

t=>h+tne
The constants were determined by flow rate at inlet v, circulating rate u;, real flow rate in flow bath
vy, volume of vacuum bath V;, and volume of flow bath V,; The constants are shown as follows:

Vv, V, 1 vy
Oc= , Op= , a= , b=
¢ Uy B (2 (I—-p)bc v (1—p)0c
c=pl +0 5 d= ¢ > h= 7
pOc+0s ‘wvl(l—p)ﬂc plc

p is plug flow ratio in vacuum bath.

(2) Mixing characteristics in model apparatus were measured by concentration pulse response un-
der similarity of Fr number and Re number.

The results of measurement of pulse response and tracing of flow pattern showed the presence of
minor part of by-passing and [dead space, and showed relatively close agreement with the above-
mentioned theoretical equation.

(3) From these results, percent conversion of continuous degassing under assumption of perfect
mixing in reators was estimated and it was in approximate agreement with the results of RH degassing
process when mean residence time was properly selected and at least two unit reactors were connected
in series.
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(1) Single stage
continuous stirred §:
tank reactor :

(2) Two stage
continuous stirred|kp?
tank reactor :—:—: HI= :-:—:~:f:—_';_-‘:‘»:—
without skimmers

(3) Two stage
continuous stirfedL} , 0 n
tank reactor oAz Eo
with skimmers

(4) Siphon type
continuous :
degassing reactor{™-

degassing
reactor with
plasma jet
Fig. 1. Variations of continuous degassing
reactor.
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[C]:Perfect mixing []:Piston flow
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Block diagram

Fig. 2. Mixing model of stirred reactor with in-
ner circulation (Up-leg is placed at inlet
side of flow bath.)

[C]:Perfect mixing []:Piston flow
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Fig. 3. Mixing model of stirred reactor with inner
circulation (Up-leg is placed at outlet
side of flow bath.)
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Fig. 4. Theoretical residence time distribution
function in continuous degassing reactor
R.T.D. : Residence Time Distribution
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Fig. 5. Theoretical residence time distribution
function in continuous degassing reactor.
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Fig. 6. Theoretical residence time distribution

function in continuous degassing reactor.
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Fig. 7. Theoretical residence time distribution
function in continuous degassing reactor.
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Table 1. Calculated value of v/v,
(Integral value of ¢ function in eq. (5))

3 (1/min)
) 30 50 70 200
v(1/min)
7.2 0.195| 0.126 | 0.094 | 0.035
2.0 0.400 | 0.286 | 0.222 | 0.091

W @
(M Water tank

@ Pump

Fig. 8. Model equipment for continuous
degassing process. " *
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Fig. 9. Trajectory of flow in flow bath by means
of visual tracer (two-dimentional plane)
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Fig. 10. Concentration-time curve for pulse input
in model degassing reactor (1).
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Fig. 11, Concentration-time curve for pulse input
in model degassing reactor (2).
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Fig. 12. Concentration-time curve for pulse input
in model degassing reactor (3).
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Fig. 13. Concentration-time curve for pulse input
in model degassing reactor (4).
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Table 2. Some results of calculation on continuous degassing.

Hydrogen | Hydrogen | Hydrogen Oxygen Oxygen
Capacity coefficient £, [ min-1]% 102 x 10-3 102x10-3 102x 10-3 78x10-3 78 x 10-3
Concentration of feed [C], [ppm] 7 7 7 8 1(2)28 8 1(2)28
Concentration of interface [C]; [ppm] 0.83 0.83 0.83 0.167 0.167
Mean residence time § [ min] 19.7 39.6 59.1 39.6 59.1
Number of unit 7 [—] 1 2 3 2 3
Concentration of product <C> [ppm] 2.88 1.51 1.06 140 107
Percent conversion [%] 58.8 78.4 84.8 41.7 55.4

* Mean value of published capacity coefficient, including correcting factor
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