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An anaysis is performed for
countercurrent and cocurrent multistage
bubble column reactors (BCRs) as well
as cocurrent multistage continuous
stirred tank reactors (CSTRs) of gas
liquid ozonation systems. The effects
of system variables on the ozonation
performance are examined. The system
variables under consideration include the
utilization efficiency of ozone, the
removal efficiency of pollutants, and the
emission concentration of ozone gas.
This analysis includes the effects of
ozone decomposition and the ozonation
of pollutants on the ozone mass transfer
(i.e, enhancement factor, Er), the
variation of pressure along the column,
and the dispersion effect. The
application of multistage CSTRs has the
advantages to increase the utilization
efficiency of ozone, to decrease the
emission concentration of ozone gas,
and to reduce the total volume of
reactor. The ozonation performances
of countercurrent and cocurrent CSTRs
are about the same. For BCR system,
the ozonation performance of multistage
is close to that of sigle stage. Both
countercurrent and cocurrent BCRs give
nearly the same ozonation performance.
The results of this study can provide the
useful information for the rational
design of ozonation contactor, and are of
importance for the treatment of



pollutants via ozonation.
Keywords. ozone, ozonation, multi-stage
reactor, countercurrent operation
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(UPey) d*garn/dZ** + dgarn/ dZ* +
ESt(dan 9aw) DamQaip
DbnGaih” — DrOaty’ Gein” =0,  (4)
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Z* =1, (top of column, inlet of
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Z* =0, (bottom of column, inlet of
gas and liquid)
JaLb = Qabint  (1/Pev) dgaws
[dZ*,  daLbint ® 0
OsTLb= OBTLb,inf (UPey)
ddsTis /dZ*, QTLbint ® 1
daH = dan,int + (1/Peg) dgan
1dZ*, dan,int ® 1

Us=1. (14)
Z* =1, (top of column, outlet of gas
and liquid)

dgaLs / dZ* =0,
dasrip / dZ* =0,
dgan /dZ* = 0. (15)
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Q. =278 cm®s Qg = 100

cm’s dr=16.20cm L=488cm T=
286 K Coz=0.0019M Cgripo = 0.001
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Hughmark (1967) k. °
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Figure 1. gacb, 9T, dan VS. column height for
operation in countercurrent mode of one-stage
bubble column reactor (BCR). dr = 16.20cm, L
=488 cm, Q, = 278 cm’/s, Qg = 100 cm’/s, Pe,
=8.20, Peg = 0.14, St, = 3.88, St = 5.25, Cag”
=0.0019 M, Cgripo = 0.001 M, Yo = 0.03, m =
1L,nm=1a=10b =1, M, =0.000019, My =
0, Mg =0.929, D,y =0.085, Dyy =0, Dg =
4240.
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Figure 2. gaLbs 9T dan VS column height for
operation in cocurrent mode of one-stage bubble
column reactor (BCR). Other notations and
values of parameters are the same as Figure 1.
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Figure 3. E; vs. column height for operation in
countercurrent mode of  one-stage bubble
column reactor (BCR). Other notations and
values of parameters are the same as Figure 1.
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Figure 4. E; vs. column height for operation in
cocurrent mode of one-stage bubble column
reactor (BCR). Other notations and values of
parameters are the same as Figure 1.
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Figure 5. Comparison of predicted qaip, OsTibs
Oan by one-stage BCR (——) and four BCRs
in series ( symbols ) for operation in
countercurrent mode. L = 488 cm for one-stage
BCR, L, = L/4 for four-stage BCRs. Other
notations and values of parameters are the same
asFigure 1
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Figure 6. Comparison of predicted qaip, OsTibs
Oan by one-stage BCR (——) and four BCRs
in series ( symbols ) for operation in cocurrent
mode. L = 488 cm for one-stage BCR, L, = L/4
for four-stage BCRs. Other notations and values
of parameters are the same as Figure 1.
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Figure 7. Comparison of ggt.p, for cocurrent (

) and countercurrent ( o ) Nt-stage CSTRs in
series with those for countercurrent one-stage
BCR(:).dr=16.20cm, L =488 cm, Q_ =278
cm’s, Qg = 100 cm¥s, St = 3.88/Nt, Stg =
5.25/Nt, Cag’ = 0.0019 M, Caripo = 0.001 M, yo
=003, m=1n=14a=10b =1 Mgy =
0.000019, My,; = 0, Mg = 0.929, D,y = 0.085,
Dy = 0, Dg = 4240. Nt = Nte estimated by Eq.
(40) with Peg .
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