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Abstract—The mathematical models for a semibatch stirred gas-liquid contactor proposed by

Anselmi et al. (1984, 1985) are extended to described the mass transfer of ozone absorption,

decomposition and reaction with pollutants in aquecus solution with the decomposition and

reaction rate expressions of general reaction orders (not necessarily integers) taking into”
consideration the effects of ozone decomposition and reactions on absorption. Four system

equations are employed to describe the ozone (A4) concentrations in the bulk liquid (Cyys), the

hold-up gas (Cyg,), and the outlet gas in the free volume above the liquid surface (Cyg,), and

the pollutant (B) concentration in the bulk liquid (Cgy ), respectively. The combined effects of
ozone decomposition and reaction with pollutant on the mass transfer, which are reflected by

the enhancement factor (£,) defined as the ratio of mass absorbed per unit area in time t with

chemical reactions to that without chemical reactions or of the purely physical absorption, are

considered in the refined model. Furthermore, the model also takes into account the variation of
E, with Cyp and Cgyys, which vary with time during the course of gas-liquid contacting.

Comparison of the predicted values of concentrations of the proposed model in simplified form

with the experimental data of Anselmi et al. (1985) indicates good agreement. For ozonation

systems with high reaction rates (for example, ozonation of o-cresol investigated by Beltran et

al. (1990)), the enhancement factors are large and cause significant influence on the mass

transfer of the ozone and pollutant.
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INTRODUCTION

Ozonation has been widely applied for the
treatment of pollutants in water/wastewater treatment
processes (Chen et al., 2002). Ozone mass transfer is
of importance for the ozone utilization in a semi-
batch stirred gas-liquid contactor (Yocum, 1979;
Anselmi et al.,, 1984). For such a semibatch stirred
vessel, the model of Anselmi et al. (1984) has been
extended to describe the mass transfer of ozone ab-
sorption with decomposition in the aqueous solution
with a three-equation model by Chiu et al. (1997).
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The three-equation model described the variations of
the ozone (4) concentrations in the bulk liquid (Cgazs),
the hold-up gas (C.ac:), and the outlet gas in the free
volume above the liquid surface (Cs.), respectively.
The effect of ozone decomposition on the mass
transfer, which is reflected by E, defined as the ratio
of mass absorbed per unit area in time ¢ with chemi-
cal reactions to that without chemical reactions or of
the purely physical absorption (Danckwerts, 1970},
was considered in the refined model. The inclusion
of E, helps the description of the mass transfer in
combination with different reactions. The value of E,
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increases with ozonation reaction rate, and changes
continuously during ozone absorption. No such re-
fined model has been available for the ozonation
with pollutants.

An important feature of ozonation is the exis-
tence of two different reaction pathways. Ozone
reacts directly with the pollutants or can produce
highly reactive free radicals such as hydroxyl,
hydroperoxyl, and other radicals, by ozone self-
decomposition in aqueous solution, which then vig-
orously react with pollutants. Therefore, the
combined effects of ozone and free radicals on the
oxidation of pollutant must be considered in an
ozonation system.

The mode! of Chiu et al. (1997) for ozone ab-
sorption with decomposition in a semibatch stirred
gas-liquid contactor employed the ozone decomposi-
tion rate expression of general reaction orders (not
necessarily integers). The model can be applicable
for other kinetic expressions of ozone decomposition
reported by many investigators (Weiss, 1935; Sheffer
and Esterson, 1982; Sotelo et al., 1987; Nadezhdin,
1988; Farooq and Ahmed, 1989; Mehta et al., 1989;
Ku et al., 1996). The present study extends the model
of Chiu et al. (1997) to include the reaction of ozone

with pollutants. In view of the works of Anselmi et al.

(1985), Beltran et al. (1990), and Chang et al. (2001),
the applicable overall rate expressions of ozone de-
composition and reaction with pollutant (3) take the
general form:

~d{O3}/dt = k[ O5]" + kpa[O5]"
+ ke[ O] [BY", (1)

~d[BY/d: = SR O;]'[BY". @
In Egs. (1) and (2), kg, k. and ki represent the
acidic and basic decomposition reaction rate con-
stants, and overall ozonation reaction rate constant,
respectively. The exponents m, n, a and & represent
the reaction orders of the acidic and basic decompo-
sition reactions with respect to Os, and of the ozona-
tion reaction with respect to O3 and pollutant B. The
J is the stoichiometric coefficient of the ozonation
reaction. Furthermore, the present model also takes
inte account the variation of £, with the concentra-
tions of ozone and pollutants in the bulk liquid
solution, which vary with time during the course of
gas-liquid contacting. All these factors would have to
be taken into consideration for properly modeling the
ozone mass transfer with combined effects of ozone
decomposition and reaction with pollutants in a
semibatch stirred vessel.

Based on the above review, the present model
is more appropriate than the usual models based on
the assumption of constant Cyg; such as Cyg = CAg,O
{for example, those of Gurol and Singer (1982),
Huang and Shu (1995), Kageyama et al. (1996)). In

fact, the difference between Cug and Cugd is
enlarged with the mass transfer and ozonation reac-
tion rates. Consequently, the variation of C,g; should
be considered for describing the ozonation systems
in a stirred vessel of high ozonation rate and mass
transfer coefficient. In addition, the effect of ozona-
tion reactions on the mass transfer or the differentia-
tion between the purely physical (k") and the chemi-
cal (k) mass transfer coefficients was also neglected
in the usual models of Gurol and Singer (1982, 1983),
Anselmi et al. (1985), Ikemizu et al. (1987), Huang
and Sue (1995), and Kageyama et al. (1996). More-
over, most models except that of Anselmi et al.
(1985) did not distinguish the difference between the
gas concentrations of hold up (Cyg,) and free volume
(Cace). The concentration commonly measured is
Cace, since the measurement of C,g; is very difficult
if not impossible. Thus, for describing the concentra-
tion profiles of ozone and pollutants accurately, the
refined model of this study is more adequate.

THEORETICAL ANALYSIS

Consider the mass transfer of ozone absorption,
decomposition and reaction with pollutants in a
semibatch stirred gas-liquid contactor with the reac-
tion rate expressions of the general form as Egs. (1)
and (2). Referring to the work of Anselmi et al
(1984) which indicated that, owing to mechanical
mixing, bubbles circulate in the reaction vessel ran-
domly and break and coalesce continuously, one may
assume that the liquid phase as well as gas phase are
perfectly mixed as in continuous stirred tank reactors.
Thus, the system equations in dimensionless forms
describing the concentrations of ozone (4) in the
bulk liquid (C4zs), the hold-up gas (Cuc:), and the
outlet gas in free volume above the liquid surface
(C4ge), and the pollutant (B) concentration in the
bulk liguid (Czrs), which are derived from the mass
balance and the absorption equilibrium, are as fol-
lows.

For ozone balance in liquid phase:

daALb /dT= E,- (gAh‘_QALb) - [(m+1)/2] Sh MAmgAme

rate of rate of 4 gained rate of 4 lost by acidic
variation of from gas-liquid decomposition reaction

dissolved 4 mass transfer

= [(r+1)/2] Sh My, 8™ [(a+1)/2)Sh Me8ss” Goris's (3)
rate of 4 lost by basic
decomposition reaction

rate of 4 consumed by
ozonation reaction with B

For pollutant balance in liquid phase:

dBsrip /dr=— B[(a+1)/2] Sh My QALba 937‘1,bbfkq N C))

rate of variation rate of B removed by
of B ozonation reaction with A
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For ozone balance in holdup gas:

dGus 1d7=[Q6Vi/ k. Scr Vi1 —6ar)
rate of rate of 4 gained in holdup gas by
variation of A convection
in holdup gas
Vil (HeVi)] EAOsy— Oyis).  (5)
rate of 4 lost in holdup gas by gas-
liquid mass transfer

For ozone balance in free volume:
d6yr e = [Q6Vi/( k" So. VOl(Bu —6ar)- (6)

rate of variation of
A in free volume

rate of 4 gained in free
volume by convection
Initial conditions of Eqgs. {3)-(6) are:

at =0, G413 =0, s =1, G =0, 4= 0(7)
The term E, in the above equations represents the
enhancement factor of mass transfer coefficient of
absorption contributed by the ozonation reactions.

The system variables and parameters in dimen-
sionless forms are defined as follows. Dimensionless
concentrations of ozone in bulk solutlon holdup and
free Volume are: eAfb = CALbI’(CAg, /He) BAH =
CacilCacs Oar = Cace/Caci’, Where superscript “0”
denotes the inlet condition, He = Henry’s constant.
Dimensionless concentration of pollutant (B) in bulk
solution is: Herrs = Corrs / Ceriso, Where subscript
“0” denotes the initial condition. Dimensionless re-
action rate parameters of the reactions of acidic and
basic decompositions of ozone, and ozonation of Eol-
lutant are: AM,= 2DA,kAm(CAg,°/He)’" 1/((m+1) (%)
My, = ZDALan(CAG: /He)" /((”+1)(kL ) ) Mp =
2D kg (Caci 1He) ' Corppa T(a+ 1)(k,")?], where
reaction rate constants (k.,, kg,, kz) and the reaction
orders (m, n, a, b) are defined in Eqs. (1) and (2).
Dimensionless ooncentranon ratio of pollutant to ozone
is: &, = CBTLE,OI(CA(;, /He). D1men51onless time is: 7=
kL SGL V. Sherwood number is: Sk = kL Vil DarSar).

The decomposition and ozonation reactions
may affect the mass transfer rate of ozone. The influ-

ence is reflected by the enhancement factor £, in Eqs.

(3) and (5). Therefore, it is necessary to evaluate the
E, in advance for solving Eqs. (3)-(7).

According to the film model, one may describe
the ozone absorption association with decomposition
and ozonation reactions as follows.

&Gy, 1X* = [ Y20 Mg G+ (2 1)/2] M Ot

diffusion of A A lost by acidic A lost by basic

in liquid film decomposition decomposition
reaction reaction
b
+ [(at1)/2)Mg O4.° gy, &)

A consumed by ozonation
reaction with B

&* Bry 1X* =B [(a+ 120 M6y’ Opr H(Dpaky).  (9)
diffusion of
B in liquid film

B removed by ozonation
reaction with 4

Boundary conditions of Egs. (8)-(9) are:

at  X*=0, Oy, = O = (CaciHe)(Caci'/He ),
d8yp/dX* =0, (10)
X*=1, 0= Ouy = Carp (Cac!'IHe),

Bp71, = g6 = Cores/Chrrso » (11)
where, X* = 0 represents the gas-liquid (G-L) inter-
face, X* = 1 denotes the position at the edge of liquid
film or in the bulk liquid. Equation (10) states that
the gas and liquid are in equilibrium and the compo-
nent B in liquid is not volatile at G-L interface (X* =
0). Equation (11) represents the bulk condition (X* =
1). The G-L mass fransfer resistance of ozone is re-
stricted in the liquid film of thickness x,. Dimen-
sionless concentrations of ozone and pollutant in the
llquld film are: 9,{1_, = CAL /(CA(;, /He) 9,97‘;_, = CB[L /
Cgripo. Dimensionless distance from the G-L inter-
face into the liquid film is: X* = x/xr = x kLO/'DAL.
Liquid diffusivity ratic of pollutant and ozone is: Dy,
= Dgr/Dy;.

The mass fluxes of absorption of 4 with and
without the chemical reactions, respectively, are :

Ny =-=Dyp (0Cy [ 0x)|r=0
=k’ (Cuci’ | He) (0641 8X*)|yep . (12)
Ni=k° (CagdHe — Carp)

=k’ (Caoi 1He) (Gari ~ Ouss) - (13)
According to the definition of enhancement factor £,
(Danckwerts, 1970) and combining Eqs. (12} and
(13), one then has:

E,=Ny/ Ny=— (08 / 8X*)| 0 / (B4 — Garp)-

(14)

Computing the concentration distributions of ozone
(4) and pollutant (B) in the film from Eqgs. (8)-(11)
by finite difference method to give the value of E,
from Eq. (14) and then solving for Egs. (3)-(7) by the
fourth order Runge-Kutta method, one can obtain the
concentrations of 4 and B at successive absorption
times for any specific case.

RESULTS AND DISCHSSION

The present model proposed for the ozonation
system employs three chemical reaction forms of
ozone as acidic decomposition, basic decomposition,
and ozonation with pollutant in general reaction or-
ders of m, n, a and b, respectively. The chemical re-
actions may affect the mass transfer rate of the ozone
absorption process. The influence can be expressed
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Fig. 1. Comparison of results of E, vs. Mz"® of the
simplified model of this analysis (——) with
those of others (Q) van Krevelen and Hoftijzer
(1948); ([OJ) Hikita and Asai (1964);, (&)
DeCoursey (1974)) at various &, (= 1, 9, 49, 99)
for B=1, My =0, Mp,=0,a=b=1.

in terms of the enhancement factor (£,). The consid-
eration of these factors and their time variations re-
veals the distinct contribution of the model.

The accuracy and applicability of this model in
evaluating E. by Egs. (8)-(11) and (14) would be
verified and checked with a number of available
models. First, the present model is simplified to
simulate the cases of previous studies. For M, =0,
Mp,=0,a=56=1and f#= 1, as a second order bi-
molecular chemical reaction, Fig. 1 compares the re-
sults of E, versus MRD'S of the simplified model of the
present analysis employing Eqs. (8)-(11) and (14)
with those of others (e.g., van Krevelen and Hoftijzer,
1948; Hikita and Asai, 1964; DeCoursey, 1974) at
various k, values, indicating good agreement. These
three previcus models, which have the close form so-
lutions based on the film theory (van Krevelen and
Hoftijzer, 1948; Hikita and Asai, 1964) and penetra-
tion theory (DeCoursey, 1974), respectively, only
consider the second order bimolecular chemical reac-
tion. Furthermore, the present model can be reduced
to the model proposed by Jhaveri (1969), which is
limited to gas adsorption with two chemical reac-
tions. For M, =10, Mz, =0, m=1,a=5b=1 and
=1, as parallel chemical reactions, the comparison
of the results also shows good agreement. Thus, Eqs.
(8)-(11) and (14) of this analysis and the numerical
methods employed compare favorably with the exist-
ing simple models. Therefore, the present model is
more generalized for the ozone adsorption system
with chemical reactions.

Figure 2 compares the predicted value of the
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Fig. 2.Variations of ozone (Cyz4, Cag;) and BSA (Cyprs)
concentrations with ozonation time in a
semibatch stirred vessel. (—) : this analysis. ((])
Carp; (O) Cugiy (A) Carrp  experimental data of
Anselmi et al. (1985). Conditions: T = 296 K,
Qs =40 LW, N, =400 rpm, V, =1L, Vy =
0.025 L, V= 0.075 L, He = 4.48, k,° = 0.024
emes™, Sgr = 700 cm?, Chprpo = 1.26%107 M,
Cua® = 1.10x107 M, Dy, = 1.734x107° cm®s™",
D =2.0x10"cm®s™ m=1,a=b=1, g=1/6,
boam = 1.16%107° 571 kp, = 0, kz =39 L-mol™"s7",

1.0004 T I T T T
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1.0003
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Fig. 3. Variations of enhancement factor (F,) with
ozonation time in a semibatch stirred vessel, The
conditions are the same as those in Fig. 2.

proposed model employing Eqs. (3)-(11) and (14) to
the experimental data of Anselmi et al. (1985) about
the ozonation of benzenesulfonic acid (BSA) in a
semibatch stirred vessel, also indicating good agree-
ment. The variation of E, is shown in Fig. 3. It is
seen that the effect of chemical reaction on the ab-
sorption rate is not significant for the case study of
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Fig. 4. Variations of o-cresol concentration (&pry ;) with
ozonation time in a semibatch stirred vessel.f—) :
this model, (O) : experimental data of Beltran et
al. (1990). Conditions: 7=293 K, Qg =50 L-h "',
N,=300rpm, ¥V;,=05L, Vy=0.01L, Vp=024
L, He=50, k" = 0.0065 cms™, Sg;, = 185 cm?,
Caripo = 1.0x107° M, Cys” = 362.8 Pa, Dy =
1.734x107 cm>s7!, DBL = 1.021x107° cm®s™,
pH=20,m=1,a=b=1, f=1/2, ks, = 2.4x
107 57", kg, = 0, kg = 12000 Lmol s

Anselmi et al. (1985). The applicable values of vari-
ables reported by Anselmi et al. (1985) for generat-
ing the results of Figs. 2and 3 are : T=296 K, O =
40 L-h™, N, = 400 rpm, VL 1L, V= 0025L Vi=
0.075 L, He = 4.4, k,, = 0.024 cms . Sc. = 700
CITI Carieo = 126x10 M CAGJ = 1. 10><10 M
Dy = 1.734x10°° cmbs™, Dy = 2.0¢10° em?s™,
=1 a=b=1, = 1/6, ko= 1.16x107 57 ky, = 0,
kr = 39 L-mol” s, The above values were the ex-
perimental data measured or used by Anselmi et al.
(1985), except that of Dy, which was retrieved from
the literature.

Figure 4 also compares the predicted value of
the present analysis employing Eqs. (3)-(11) and (14)
to the experimental data of Beltran et al. (1990) for
the ozonation of o-cresol in a semibatch stirred ves-
sel, indicating good agreement. The variation of E,
with time is revealed in Fig, 5. It is seen that the ef-
fect of ozonation reaction on the absorption rate is
significant with E, =2.23 10 1. 00 for t=0to 15000 s,
Thus for a large value of MR , the variation of E,
with time during the course of gas-liquid contacting
is of importance. The applicable values of variables
given by Beltran et al. {1990} for smluiatmg Figs. 4
and 5 are: T=293 K, O =50 L'h™, N, —300rpm
Vp=05L, Fg=001L, Vp= 024L He=50,k"=
0.0065 cm-s™, Sq; = 185 cm?, Carua = 1.0x10° M,
Cic® = 3628 Pa, Dy = 1.734x10°° cms™l, Dy =

2.50 T T T | T T T T T

2.00

I 1 l 1 I I\ I 1
16000 20000

1.00 !
0 4000 8000 12000

Time (sec)

Fig. 5. Variations of enhancement factor (%) with
ozonation time in a semibatch stirred vessel. () :
prediction of this model. The conditions are the
same as those in Fig. 4.

1.021x107° cm ‘5 pH 200m=1,a=b=1, 8= 1/2
Foam = 2.4x107 ’l , kgy = 0, kp = 12000 L-mol™s
Again, all the parameters and constants listed above
for the model simulation were experimental data
measured or used by Beltran et al. (1990).

In summary, this study establishes the validity
of the modeling approach through the comparisons
of the predicted results of the present model with the
available theoretical and experimental results. The
accuracy of the numerical calculation of this analysis
is verified by the comparison with the theoretical re-
sults of van Krevelen and Hoftijzer (1948), Hikita
and Asai (1964), Jhaveri (1969) and DeCoursey
{1974), showing good agreement. Further, the pre-
sent model also well simulates the experimental re-
sults of the ozonation of BSA and o-cresol (Anselmi
et al., 1985, Beltran et al., 1990).

Figure 6 illustrates the simulation results of this
analysis with variable E,, E, of 1, and £, estimated by
the method of van Krevelen and Hoftijzer (1948). At
the )BBTLb (= Cgrip ! Cyrrpo) of 0.3, the relative devia-
tions of times employing the present model with con-
stant £, from that with variable E, are about 80%
and —19% for £, = 1 and 2.23, respectively. The val-
ues of parameters for generating the results of Fig. 6
are the same as Figs. 4 and 5. Also from Fig. 6, it
clearly indicates that the ozone concentration (&y5)
increases with time after most of the pollutants in the
liquid bulk have been consumed. Thus, the time for
starting the accumulation of the ozone concentration
in the lquid bulk is eariier for the situation with the
larger reaction rate. The variations of the concentra-
tions of the hold-up gas (84) and the outlet gas in
the free volume above the liquid surface (&7 with
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Fig. 6. Variations of &y, and &pryp with ozonation time
in a semibatch stirred vessel with different
estimations of E, value. A-2,
(————- YA-3and (—-.—-- ) A-1; 8y with
variable F, (as indicated in Fig. 5), E, = 1 and E,
= 223 (estimated by the method of wvan
Krevelen and Hoftijzer, 1948). { — ) B-2,
(_ —') B-3, and (— ''''''' ) B-1: HBTLb with vari-
able E, E, =1 and E, = 2.23. The other
conditions are the same as those in Fig. 4.

time during the course of gas-liquid contacting em-
ploying variable E,, E, of 1, and E, of 2.23 can be
examined as illustrated in Fig. 7. In general, the val-
ues of 84y and &y increase with time during the
course of gas-liquid contacting. The accumulation of
85 and 8,5 is faster for the case with higher reaction
rate. For the ozonation systems with high reaction
rates, the enhancement factors (£, are large and
cause significant influence on the mass transfer of
the ozone and pollutant (Huang et al., 2001). More-
over, the values of £, may vary with time.
Consequently, . the value of £,, which varies

with time, should be estimated properly for the accu-
rate prediction of the fast ozonation system. Accord-
ing to Figs. 6 and 7, the comparisons indicate that the
mass transfer rate of ozone would be underestimated
remarkably when the value of E, is taken as one. The
concentration of dissolved ozone (8y;) and the de-
composition of pollutant are underestimated, while
the concentrations of ozone in the hold up gas (i)
and free volume () are overestimated simultane-
ously before certain ozonation time. Otherwise, the
mass transfer rate of ozone would be overestimated,
when the value of E, is calculated based on the initial
condition of the ozonation systém (van Krevelen and
Hoftijzer, 1948). The actual value of E, decreases
with ozonation time. Thus, with the overestimated £,,
the &y, and the decomposition of pollutant are over-
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Fig. 7. Variations of €4 and &,z with ozonation time in
a semibatch stired vessel with different
estimations of £, value. (------ ), () and (O):
8,7 with variable E, (as indicated in Fig. 5), £, =
1 and E, = 2.23 (estimated by the method of van
Krevelen and Hoftijzer, 1948). (—} , {(), and
(-F): G,y with variable E,, E, =1 and £, =2.23. (a)
Time = 0 to 1000 s; (b) Time=0 to 30000 s. The
other conditions are the same as those in Fig. 4.

estimated, while the G,y and &, are underestimated
before certain ozonation time. Hence, the model of
present analysis is more rigorous and appropriate to
describe the mass transfer of ozone absorption, de-
composition, and reaction with pollutants in a semi-
batch stirred vessel with large E, which varies with
time but is usually assumed to be constant or simply
set equal to one by previous investigators (Anselmi
et al., 1985; Beltran et al., 1990).
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CONCLUSION

The ozone decomposition and reaction rates,
and the enhancement factor (F,) should be included
in the system equations describing the mass transfer
of ozone with absorption, decomposition, and reac-
tion with pollutants in a semibatch stirred vessel. The
model with variable £, and considering the ozone (4)
concentrations in the bulk liguid (Cy;), the hold-up
gas (Cagi), and the outlet gas in the free volume
above the liquid surface (Cyge), and the pollutant (B)
concentration in the bulk liquid (Cpypys) is more rig-
orous and adequate to describe the system perform-
ance. For the ozonation systems with high reaction
rates, the enhancement factors are large and have
significant influence on the mass transfer of ozone
and pollutant.
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NOMENCLATURE
A QZOone species
a reaction order with respect to O3 in ki-

netic expression of Eq.(1)

B species B, or pollutant

b reaction order with respect to pollutant in
kinetic expression of Eq. (1)

Cace gas concentration of 4 in free volume, M

Cagi concentration of 4 in hold up gas, M

CA(},‘O concentration of A of inlet gas, M or Pa

Cu concentration of 4 in film according to
film model, M

Cap concentration of 4 in bulk liquid, M

Car concentration of B in film according to

film model, M

Cerrp concentration of B or pollutant in bulk
liquid, M

Crripo initial concentration of B or pollutant in
bulk liquid, M

Dy liquid diffusivity of 4, cm®s !

Dg,y Dy ! Dar

Dg; liquid diffusivity of B, cm™s™

E, enhancement factor with effect of chemi-

cal reaction (ozone self-decomposition
and reaction with pollutant), N,/N,
He Henry’s law constant, Cyg/C4; at gas-
liquid interface
acidic and basic decomposition rate con-
stants in kinetic expression of Eq. (1),
Ml -m Sul, Ml—n S—l

kAm: an

k. chemical quu1d phase mass transfer co-
efficient, cm-s™

k0 purely physical liquid-phase mass trans-
fer coefficient, cm-s™

kq CBbeO/(CAaU/He)

kn reaction rate constant (Eq (1)) of ozona-
tion reaction, M)

My dimensionless acidic decomposrtlon re-

action rate parameter 12D 41k am (CAp,O/
HeY"™ i(m+1))/(k,"Y

Mp, dimensionless basic decomposition reac-
tion rate parameter 2Dtk Caci”
He) (it 1)/

My dlmensmn]ess reaction rate parameter s
[2DatkilCai 1HeY™ Carsd Kt 1] 10k,

Ny mass flux of purely physical mass trans-

fer, k" ((Cugi/He) — Cars) according to
film model, M-cm-s™
N N, with chemical reactions (ozone self-
decomposition and reaction with pollut-
ant) (»), D, dC4;/dx at x =0, M-cm-s~
N, agitation speed, rpm
n acidic and basic decomposition reaction
orders with respect to Os in kinetic ex-
pression of Eq. (1)

Po, ozone partial pressure, Pa
Fs, ozone partial pressure of inlet gas, Pa
Og gas flow rate, L h!
Sar mass transfer area, cm’
Sh Sherwood number , &, GVL/(DALSGL)
T temperature, K
t time, min or s
Ve free volume above liquid surface, L
Vy gas hold up volume, L
Vi liquid volume, L.
X dimensionless x, x/xus
x distance from gas-liquid interface into
liquid film, ¢m
Xpr thickness of liquid film representing lig-
uid-phase mass transfer resistance,
Dai/k°, cm
Greek symbols
yi) stoichiometric ratio of reaction
BAF dimensioniess CAGEa CAGE/CAGjo
Qur dimensionless Cygi, CagifC ,46,0
o dimensionless Cy;, CAL/(CA(;, ."He)
Oun dimensionless Cyzs , Cars/(Cagi ' He)
937‘]‘ dimensionless CBTL, CBI’L/CBTLIJO
BBTL!: dimensionless CBTL.’J , CB;l;r‘bl"CB'n‘bo
T dimensionless time, k" Sc; #/ V3
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