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Abstract— A study was carried out to get fundamental informations on the production of ammonium carbonate
solution whose concentration is suitable for producing ammonium sulfate by chemical absorption of ammonia and car-
bon dioxide into water in a bubble column. Two reactant gases were simultaneously absorbed in the bubble column,
and the rates of absorption of the gases were determined by chemical analyses of liquid leaving the bubble column
after a sufficient time for a steady state to be reached. The experimental results agreed well with the results of
numerical solution for the case of pseudo first-order reaction, and the ammonium carbonate solution of 34.1 wt%,
which would be suitable for producing ammonium sulfate from its reaction with gypsum, could be easily obtained by
the chemical absorption in a bubble column.
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Fig. 2. Effect of CO, feed rate on the absorption

rate of CO, in the bubble column (water

feed rate: 194.9 gr-mole/hr, NH; feed rate:

33.2 + 0.6 gr-mole/hr, absorption tempe-

rature: 32 + 1°C).
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Table 1. Simultaneous absorption of carbon dioxide and ammonia in water.

Tempera- [CO,l; [NHg]; [NH;]; Rae)wg Deoy <_11_aL_>2 k,[NH]; Dco,
ture (°C) (g-mol/em3) [CO,}, (g-mol/cm?) (g-mol/em?-sec) (cm3/g mol- {cm%/sec) 1C0,)/c0, (cm?/sec?)
sec) sec) (sec-1)2
21 388x10-5 59.0 2.29x103 297 x 106 3.35x 105 1.73x 10-5 5.86 x 103 0.013
32 276 x 105 79.7 2.20x10-3 3.05x 106 6.84 x 105 2.27 x 10-6 0.012 0.034
40 233x10-5 764 1.78x10-3 3.23x 10-6 1.11 x 108 2.70 x 105 0.019 0.054
50 1.81 x 105 884 1.60x103 3.33x 10°° 1.98 x 108 3.28 x 105 0.034 0.104
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Fig. 9. Danckwerts’ plot for the carbon dioxide-
ammonia-water system (CO, feed rate: 16
gr-mole/hr, NH; feed rate: 33 gr-mole/hr,
water feed rate: 194.9 gr-mole/hr).
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NOMENCLATURE
A : concentration of species A, mole/cm?
A, : concentration of species A at interface,
mole/cm?
a : A/A, dimensionless
a, : effective interfacial area per unit volume,
cm?/cm®
B : concentration of species B, mole/cm?3
B, : concentration of species B at interface,
mole/cm?
B, : concentration of species B in bulk of liquid,
mole/cm?
b : B/B,, dimensionless
D, diffusivity of species A, cm?/sec
D, : diffusivity of species B, cm?/sec
k, : first-order rate constant, sec™!
k, : second-order rate constant, cm?®/mole- sec
k, : chemical absorption coefficient, cm/hr
k; : physical absorption coefficient, cm/hr
M k,D,B,/ (k; )2 dimensionless
q B,/vA,, dimensionless
R : absorption rate into agitated liquid,
mole/ hr-cm?
r Dg/D,, dimensionless
r,  rate of reaction, mole/cm?-sec
T : reaction temperature, K
t . time, sec
x : distance into liquid phase, cm
Z oy kDB x , dimensionless
6 k,B, t, dimensionless
v : stoichiometric coefficient, dimensionless
¢ k,/k], dimensionless
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