F AR E WS vt S

RO F RS R L RIEARR 2B G 2 B R
i (22)

s e IR U

34 % 0 NSC91-2211-E-002-069-

HEHPH 912087 01p 2 92# 07 31p
HiFEE: M2 8RB 1T T AT

G E AL SRR

PESE AR RAR B ESCRET TN YRR

JEL R L REEIRL
S ﬂ@nég@piwﬁﬁia%a%v
5 IR S o TR

PooE R R 92#£ 9% 177p



FREATFEELE AL TIP3 %
3K 2

3563556 RHOROHORIOHOIOHOIOIOIGIOIIGIOIOK 0K

5K

MR F e RO L AR AR 2 B

B ONOK oRbrEs (1)

%

3563656 RN R RO I IOIGIOIOK 0K
5%

“EP

it fss 2 H

Hdgn cMeward OFsa
3 %% NSC  91-2211-E-002-069
HEYPF: 91 & 8 1 pr 92 & 7 ¢

31 p

SE A IR S E

FEAR THEZ @Y ER



ra RARA & 3T ORER 2

IENCECEIE Sl PR R

AR R NANEY O ERL - B

[]

1 )
AL+

—=

1 KN
~
=
3%
%

SRR R RN B

PEIE WM o FRE AT AT

EN | 2 & 9 7

W

GR R R & & A

i



7 FIL e )

ﬁh"

RIGE LR § 007k b o
¥ e K %"‘%—7—3% E‘@wf}_ﬁf-

R s

lﬁﬁfWﬁﬂmé%(H)

) > N\ e
- IR sV

F 2K }%ﬁ:‘ﬁ%*"g—

L2 B2 F GRSV E R %

A Dynamic Model and Pilot-Scale Study for Ozonation in a

Recirculating Bubble Column Reactor (I1).
Part 1. Ozonation of Pollutantsin a Recirculating Bubble Column
Reactor
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Abstract

The dynamic process of ozonation of
pollutants in a recirculating bubble column is
studied for the model establishment.
Bubble columns have been widely used for
ozone contacting in plants and laboratories.
Ozone is produced by oxygen-enriched gas
through an ozone generator, and introduced
into the bottom of the column equipped with
the gas-diffuser. The ozone contacting
system exists atemporary or unsteady period
before reaching the steady state. Available
ozonation models employed for the



description of the concentration profiles of
ozone and pollutant have been commonly 3
developed for the steady state. Moreover,
oxygen mass transfer is usually neglected in
the preceding ozonation models. However,
this information is desirable for the proper
operation of ozonation of pollutants in a
bubble column.
study is to model and investigate the
dynamic process of ozonation in a bubble
column with oxygen mass transfer. The
dynamic axial dispersion model (DADM) is
employed to predict the variaions of
concentrations of ozone, oxygen, and
pollutant along the column, and the amount
of off-gas. The validity of mode is
demonstrated by comparing the predicted
results with the experimental data
Furthermore, the effects of partia
recirculation of liquid on the concentration
profiles and effective contact time (tyg) are
investigated. The concentrations of
dissolved ozone and pollutant near the liquid
inlet of the bubble column increase and
decrease with recirculation, respectively.
The typ decreases with the amount of liquid
recirculation. However, the effect of liquid
recirculation on the effluent concentrations
of dissolved ozone and pollutant is found
dight. The dynamic ozonation model
proposed is useful and referable for the
proper prediction of the variables of the
ozonation system of pollutants in a bubble
column.

Key words. ozone, ozonation of pollutants,
dynamic axia dispersion model, recirculating
bubble column reactor
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Figure 1. doipe; VS 0 for o-cresol
ozonation in countercurrent bubble column.
Symboals, lines. experiments, prediction. O
and —-—, A and — - : uUg = 740
mm/s?, 1.33 mm/s’; R? = 0.993, 0.996.
Oober = (EoLb,et - €oLbo)/(1-€oLb0)-

Figure 2. e pe VS. O for o-cresol ozonation
in countercurrent bubble column.  Symbols,
lines: experiments, prediction. (O and
—-—=, /A and — - :ug = 740, 1.33

mmy/s; R? = 0.992, 0.985.
Figure 3. €aLpet VS. 6 for o-cresol ozonation

in countercurrent bubble column. Lines:
prediction. — - — , — . Ugo = 7.40,
1.33 mm/s.

Figure 4. Variations of E;a at z = 0 with 6for
o-cresol ozonation in countercurrent bubble
column.  Lines. predicion. — - — |
: Ugo = 7.40, 1.33 mm/s.

Figure 5. éace Vs. 6 for o-cresol ozonation in
countercurrent bubble column.  Symbols,
lines: experiments, prediction. (O and
—-—,/A ad— - :ug = 740, 133
mmy/s.
Figure 6.

Ug,yu Vs 0 for o-cresol
ozonation in countercurrent bubble column.

Symboals, lines. experiments, prediction. O
and — - —, A and — - : ug = 7.40,
1.33 mm/s.

Figure 7. Variations of concentrations and
E. with z at different & for ozonation in
countercurrent bubble column. Pe_ = 10.0,
while other conditions are the same as those
for ugp = 7.40 mm/s. Lines: prediction.

- -, ’ —l TTTTTT, and
— 't =01, 03, 05 10, and
steady state. (@) €avp, (b) €aci , (C) €s1p , (d)
ErA.

Figure 8. Effluent gg., Vvs. 0 a various

values of Pe_ for ozonation in countercurrent
bubble column. The conditions are the
same as those for ugp = 7.40 mm/s except the
Pe. value. Lines: prediction.

\ , and
: Pe = 0.181, 1.0, 2.5, 10, 100.

Qs = (CoLb-Caibss)/(CoLbo-CaLbss)-



Figure 9. Variations of eg, profile with
different r. for ozonation in bubble column.
Dan = 0.072, Dapg = 7177, Dag = 699.6, Dag
= 0.014, Ma = 1.11x10°, Mpg = 1.11, Mg =
0.181, Mo = 1.71x10°, Peg = 500, Pe. =
100, RuGL = 37.4, StGA = 292, StGo = 0439,
Stia =209, St o =23.6, 8- =0.123. Lines:
prediction. —---—, — - — | — - |
— T, T , and — D =
10, 08, 06, 04, 0.2, and 00. (a
countercurrent , (b) cocurrent.

Figure 10. Variations of €a., profile with
different r. for ozonation in bubble column.
The conditions are the same as those in Fig. 9.
Lines. prediction. —---—, — - — |
-, T, T , and
— :r. =10, 0.8, 0.6, 04, 0.2, and
0.0. (a) countercurrent; (b) cocurrent.

Figure 11. Effluent qub vs. Oat different r¢

for ozonation in bubble column. The
conditions are the same as those in Fig. 9.

:r.=1.0, 0.8, 0.6,
04, 0.2, and 0.0. (a) countercurrent; (b)
cocurrent.
Figure 12. Effluent 6 awp [ 0 aLbss VS. 0 a
different r. for ozonation in bubble column.
The conditions are the same as those in Fig. 9.

:r.=1.0, 0.8, 0.6,
04,0.2,and 0.0. (At 7=0, O ab/ O ALbss=
0) (a) countercurrent; (b) cocurrent.

Table 1. Summary of values of system
variables at steady state with various levels

of Pe_, Dang and k{oa.
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Table 1

System Pe Dang kloa (Y
variable

0.181 1 2.5 10 100 10 100 1000 7177 10° 0.01 0.02 0.05 0.075 0.1
O ALbeff 0.0083 0.0090 0.0093 0.0096 0.0099 0.702 0.298 0.054 0.010 0.001 0.0007 0.0016 0.0057 0.0096 0.0132
O abag  0.0028 0.0025 0.0023 0.0019 0.0017 0.446 0.102 0.013 0.002 0.000  0.0004 0.0008 0.0016 0.0019 0.0021
O sLbaetr 0334 0331 0328 0325 0.319 0.658 0.412 0350 0.325 0.302 0.737 0577 0373 0.325 0310
0 oLb et 0951 0979 0988 0.994 0.997 0.992 0.993 0994 0.994 0.996 0907 0970 0990 0.994 0.996
Eraavg 1.13 1.17 121 1.26 1.28 100 101 104 126 343 1.29 1.27 125 1.26 1.27
7 OTE 0958 0.963 0.967 0971 00972 0.602 0.889 0.942 0.971 1.000 0.383 0.612 0904 0.971 0.991
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ozonation of 2-chlorophenol induced new

- ~ FHEP jT-;EJEI toxicity during the early period of reaction.
Moreover, Microtox toxicity and OUR

*F= 3 ¥ # 2-chlorophenol (2-CP) % inhibition test exhibited similar trend in the

%,,,,5 ST G %% 0 14 Microtox ~ 2 1 2§ ozonated 2-CP solution, the highest toxicity

(BOD) B P Y X (OUR)X‘;}
3—3% L3t 4 oo fRH 8 4 5 3 Ml
T RSV K«EJF 41 Microtox ECsg
Specmc OUR i $ fiT > Bor 5% 1*
rﬂ%%* R SR E I
? v FooT «n—%ﬁ iv 2-CP /p/l’?ﬂ'{\z \Sl=x)ity
AP RRzZEF LG 0 BT 5 X
$20% 7BOD 5% VAR L5 0
3 243042 BOD/COD & » 5 f[*+ 4 4
/)ﬁ@ﬂmﬁgénof bR Jfﬂ “’F'&}g*"
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A M H 4o & & ¢ 5 K chloro
-intermediates i = & & % HFH 40 0T L
B %o EiEAE G MOER B A B
F)p &g 02 dimer &2 Tﬁéf»ﬁ" BT R AL
*F SR e R o
Makse @ L3t ~2 PR 2P0
Mo 2-F 5 o

1% ~,§ %$ 1

ABSTRACT
This study investigates the variation of
toxicity and biodegradability  during
ozonation of 2-chlorophenol (2-CP) under
neutral conditions in a semi-batch reactor.
The results of Microtox assay and Specific
oxygen Uptake Rate (SOUR) showed that

17

and the largest percentage of inhibition both
occurred at one minute of ozonation. The
BOD/COD values of 5-day and 20-day BOD
increased with the reaction time imply
ozonation of 2-CP could promote the
biodegradability for the unacclimated
activated sludge.

Keywords: Ozonation; Toxicity; Microtox;
Oxygen Uptake Rate; 2-chlorophenal.
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TU; = Ci / EC5o,i
Ci : concentration of component i
ECso,i : ECso value of component i
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