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Effective Interfacial Area in Packed
Columns for Absorption with

Chemical Reaction

A number of theoretical studies have
been reported on gas absorption ac-
companied by a chemical reaction since
the pioneering work of Hatta (9, 10).
However the method of designing the
packed column for chemical absorption
has not been well established, partly
because of insufficient knowledge of the
effective interfacial area for chemical
absorption. In the present work the
effective interfacial area for chemical
absorption was evaluated from data on
absorption of carbon dioxide into aque-
ous solutions of sodium and potassium
hydroxides in a packed column and in
a bead column, that is a column of
spheres connected in a vertical row.
Theoretical relationships for the re-
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Himeji, Japan.
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action factor, the ratio of the coeflicient
for chemical absorption to that for
physical absorption, were confirmed.
Physical absorption experiments were
also performed to obtain the necessary
data on the mass transfer rates in the

liquid and gas phases.

EXPERIMENTAL

The setup of the apparatus for the phys-
ical absorption experiments was similar to
the one reported elsewhere (30, 31).
Figure 1 shows a schematic diagram of
the apparatus for the chemical absorption
experiments with the bead column. Car-
bon dioxide from a cylinder was absorbed
into water in the saturating column, and
the gas was stripped from the solution by
air in the stripping column to give an air-
carbon dioxide mixture of a given compo-

A.1.Ch.E. Journdl

Kyoto University, Kyoto, Japan

sition, which could be varied by controlling
the rate of water to the stripping column.
The bead column consisted of a jacketed
glass tube, 40 mm. LD. and a vertical
row of porcelain spheres connected with
a stainless steel wire at the axis of the
column. Thirty I-in. spheres, with 4-mm.
clearances between adjacent spheres, and
sixty Y2-in. spheres, with 2-mm. clearances,
were used. The temperature of the liquid
through the bead column was controlled
by means of the liquid feed preheater
and the column jacket, through which
water from a thermostated tank was
passed.

The apparatus for the packed column
experiments was similar to the one shown
in Figure 1 except for the use of a packed
column in place of the bead column.
The packed column, made of glass, was
12.1 em. ID. and was packed with 1-in.
and Ye-in. porcelain Raschig rings to a
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TaBLE 1. REACTION RATE CONSTANT, k,
OF REAcTION BETWEEN CARBON DIOXIDE
AND Sopbrum HybROXIDE
CU. M./KG.-MOLE SEC.

Temperature,
°C. 10 15 20 25
Ionic strength,
g.-ion/liter
0 2,170 3,270 4,700 6,900
1.0 2,940 4,400 6,380 9,360
2.0 4,000 6,040 8,680 12,700

height of 30 in., which was equal to the
height of the bead column.

To study the liquid phase mass transfer
coefficients experiments on physical ab-
sorption of carbon dioxide of 98% purity
into water were performed with the bead
and packed columns. The gas-phase
resistance in the bead column was studied
by carrying out experiments on absorption
of methanol vapor contained in air by
water. The procedures for the physical
absorption experiments are reported by
Yoshida and Koyanagi (30, 31).

In the experiments on chemical absorp-
tion the air containing carbon dioxide of
a given partial pressure was brought into
contact with aqueous solutions of sodium
and potassium hydroxides in the bead and
the packed columns. Analyses were made
of the gas and liquid samples taken at
the top and the bottom of the columns.
Carbon dioxide in the gas was analyzed
by saturating water with the gas samples
continuously withdrawn from the column
and by titrating the solution in equilibrium
with the gas by the conventional method.
Liquid samples were analyzed for the
concentrations of the total alkalis and hy-
droxides.

BASIS OF INTERPRETATION

The rate of absorption with a chemi-
cal reaction is expressed as

WATER
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—— THERMOMETER

Fig. 1. Experimental apparatus.
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N,= k’b (Cu - CA.L) =
Bk: (Cus—Cux) (1)

where 8 is the so-called reaction factor.
The relationship between the overall
coeficient and the individual phase co-
efficients is given as

l_l+1 2
Ke ke  HE, )

in which the Henry’s law constant H is
usually different from that for pure
physical absorption owing to the pres-
ence of ions.

The theoretical expressions for the
reaction factor were first derived by
Hatta (9, 10) on the assumption of
steady state absorption across the stag-
nant liquid film at the interface. For a
very rapid second-order irreversible re-
action in the liquid phase he obtained

DBCB

B DACAi

(3)

The reaction factor for a relatively slow
first-order or pseudo first-order reac-
tion is given by Hatta as

Y
tanh v

8= (4)

where

v = (kCsD,)"/ks (5)
When C, is approximately constant,
kC;: represents the pseudo first-order
reaction rate constant. Equation (4)
combined with Equation (1) holds for
reversible as well as ireversible reac-
tions. For the latter case the value of
C.. becomes zero.

The theoretical expressions for 8 can
also be derived on the assumption of
unsteady state absorption of solute into
a stagnant medium. For a rapid second-
order reaction Sherwood and Pigford
(22) derived an equation similar to
Equation (3), assuming unsteady state
absorption. For the case of irreversible
first-order or pseudo first-order reaction
Danckwerts (3) obtained the following
equation for the quantity Q absorbed
in time ¢ on the assumption of un-
steady state absorption into a stagnant

liquid:

1
0.3 04 08 08 ¢ 2 4 & 8 o

Fig. 2. Theoretical relationships between 3 and
¥.

D, \” 1
~c(5g7) L (ke 3)
Q o KCot +

ert (kCyt)" + (

aT

Combining Equation (6) with the ex-
pression for k;, from the Higbie pene-
tration theory (11) one obtains the
following equation for 8:

B= <7+8L)erf<-%)+

Y

1
> exp (—4 /=) (7)

Figure 2, in which the values of 8
calculated by Equation (4) and (7)
are compared, indicates that from the
practical standpoint it is unimportant
whether the film model or the pene-
tration model is assumed in the deriva-
tion of the theoretical expressions for
B. Another point of interest indicated
in Figure 2 is that in the range where
y is greater than 5, B is practically
equal to y. Then from Equations (1)
and (5)

NA = (k CB 1),4)1’2 (Cu —_ CAL) (8)

Thus when absorption is accompanied
by a moderately fast first-order or
pseudo first-order reaction, the absorp-
tion rate is independent of the mass
transfer coefficient k. and of hydro-
dynamic conditions; in such cases the
whole interfacial area is considered
uniformly effective.

To caleulate theoretical values of 8
it is necessary to know the values of
the reaction rate constant k of the con-

TABLE 2. CALCULATED VALUES oF K

sgc.™
Temperature, °C. 15* 20 25 100*
Tonic Strength
g.-ion/liter
0.5 CO,-K:COs 0.40 0.58 0.84 69
: CO»-Na:COs 0.38 0.55 0.8 65
2.0 CO,-K:COs4 0.47 0.68 0.99 81
) CO--Na,COs 0.38 0.55 0.8 65

¢ Values for 15° and 100°C. were extrapolated.

A.1.Ch.E. Journal

May, 1963



TasLE 3a. DiFrusivity oF CARBON Dioxipe IN
AQUEOUSs SoLUTIONS OF PoTassiuM AND SopruM CARBONATES X 105

$Q. CM./SEC.
Temperature, °C, 10 15 20 25
Total sodium OH- ion conc.
normality g.-ion/liter
05 0.01 1.18 1.38 1.58 1.81
: 0.5 1.2 14 1.61 1.85
20 [ 05 078 0.93 1.06 1.24
) 1 2.0 0.83 0.98 1.12 1.31
trolling reaction as well as the values of [COs]
Cs, D4, and k.. The reaction between [HCO";"]. (14)

dissolved carbon dioxide and the caus-
tic alkali is known to take place in two

steps:
COz + OH_ = HCOs_ (9)
HCOy + OH- = CO,~ + H,0 (10)

Equation (9) is considered rate con-
trolling, since (10) is thought to be
very rapid (4). The reaction rate con-
stant k of Equation (9) at infinite
dilution was measured by Faurholt
(6), Pinsent et al. (19), and Nijsing
et al. (I7). The variation of k with
the ionic strength at a given tempera-
ture is given by Nijsing as

k = k104 (11)

The value of « is 0.18 for potassium
hydroxide solutions and 0.133 for
sodium hydroxide solutions. Table 1
gives some calculated values of k in
sodium hydroxide solutions based on
the -data of Faurholt and Nijsing.

In treating the literature data on
absorption of carbon dioxide by sodium
and potassium carbonates solutions the
reaction mechanism was interpreted as
follows after Danckwerts (4). The
rate-controlling reaction in this case is
again the Equation (9), that is reac-
tion between dissolved carbon dioxide
and the hydroxyl ions that are present
in a carbonate solution due to the
hydrolysis reaction:

kg
COs__ + Hzo = HCOa— + OH_ (10(1)
LS
The concentration of OH™ is given as
k, [H:0] [CO, ]

[OH} = —cog (2

Thus if absorption of carbon dioxide
by Equation (9) is regarded as pseudo
first-order with respect to the concen-
tration of carbon dioxide

d[CO,]

——— = k[OH] [CO,] = K[CO]
(18)
where
b k k,[H.O][CO,] _
k.[HCO;']

Vol. 9, No. 3

The value of K for sodium carbonate
solutions at 25°C. was determined ex-
perimentally by Danckwerts and Ken-
nedy (4) as 0.8 irrespective of the
ionic strength, confirming the data of
Nijsing and Kramers (16). The latter
investigators also give values of K at
20°C. as 0.55. The values of the re-
action rate constant for the absorption
of carbon dioxide by potassium car-
bonate solutions are not available in
the literature. But if it is assumed that
Equation (9) controls the overall rate
as in the case of sodium carbonate
solutions, the only difference being the
presence of K* ions in place of Na*
ions, the values of K for the system
carbon dioxide — potassium carbonate
could be estimated from the ratio of
the values of k for (9) with K* ions to
that with Na* ions. Thus at an ionic
strength I from Equation (11)

KK+ __ kK+ _ km 100"‘"
KNa+ - kNa+ —_km 10&1331

— 100.0471
(15)

Table 2 gives some calculated val-
ues of K for sodium and potassium car-
bonate solutions as a function of the
ionic strength and temperature based
on the data of Danckwerts and Ken-
nedy (4) and Nijsing and Kramers
(16).

Diffusivity of carbon dioxide in
caustic and carbonates solutions was
estimated from the data of Arnold (1)
on diffusivity of carbon dioxide in pure
water on the assumption that diffusiv-
ity varies in proportion to the absolute

100
8
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8001000 2 46 810000 2 40000
deG/ Mg

Fig. 3. Gas-phase mass transfer in bead col-
lumns.

temperature and to the reciprocal of
viscosity. The latter assumption may
not be greatly in error in dilute solu-
tions, although Nijsing et al. (16) find
that diffusivity of carbon dioxide in
caustic solutions is inversely propor-
tional to the 0.85 power of viscosity.
Viscosities of caustic and carbonates
solutions were estimated from the data
of Hitchcock (13). Tables 3a and b
list some calculated values of the diffu-
sivity of carbon dioxide in caustic and
carbonates solutions.

PHYSICAL ABSORPTION IN
BEAD COLUMNS

Although in the case of chemical
absorption the gas-phase resistance is
relatively of minor importance, the
gas-phase mass transfer coefficient in
this particular experimental column
was studied just to obtain the basis for
corrections in later correlations. Experi-
ments on absorption of methanol vapor
contained in air into water were per-
formed. The liquid-phase resistance is
negligible for this particular system
(31). Data for the two sizes of spheres,
1 and ¥ in., are correlated by a single
line as shown in Figure 3, in which the
values of the dimensionless product of
the gas-phase height of a transfer unit
H, and the surface area of the spheres
per unit volume of the column a, are
plotted against the Reynolds number
d.G/ue of the gas stream through the
channe! between the spheres and the
column wall. The equivalent diameter
of the channel d, was defined as four
times the volume of the channel di-
vided by the sum of the surface areas
of the spheres and the column wall.

TasrLE 3b. Dirrusivity oF CARBON DioXxIDE IN
AQUEOUS SOLUTIONS OF PoTAssiuM AND Soprom
CARBONATES X 10° sQ. cM./sEC.

Temperature, °C.

Total alkali
normality
K2COs
0.5 Na.CO,
[K:CO,
20 | Na.CO,

A.1.Ch.E. Journal

15 20 25
1.46 1.67 1.91
1.38 1.58 1.81
1.16 1.34 1.58
0.90 1.03 1.22
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Fig. 4. Liquid-phase mass transfer in bead columns.

No effect of the liquid rate was ob-
served. In using this correlation it was
assumed that H, was proportional to
the gas-phase Schmidt number raised
to the 2/3 power.

The liquid-phase mass transfer co-
efficient k; was studied by absorption
of pure carbon dioxide into water at
12°, 20°, and 25°C. The results are
plotted in Figure 4 and can be repre-
sented by

b ()"
D, Png

0.0103 ( ‘g-)/ ( )m (16)

This equation gives values of k; about
10% lower than the equation of
Yoshida and Koyanagi (30), which is
based on the data with sixteen I-in.
spheres and thirty two %-in spheres.
The 10% difference can be accounted
for if one considers that liquid mixing
at the junctions between adjacent
spheres is incomplete, since more
spheres of the same size were used in
the present experiments. Opinion dif-
fers (5, 15, 20, 30) on the extent of
liquid mixing at the junctions in the
column of spheres. It seems to the
authors that the degree of mixing de-
pends to some extent on the spacing
between adjacent spheres. The columns
employed by other investigators are
different from the present apparatus in
that they contained touching spheres.

ML
PL D,

PHYSICAL ABSORPTION IN
PACKED COLUMNS

Data on physical absorption of pure
carbon dioxide into water were taken
at 12°C. with the packed column to
obtain a basis for correlating the data
on chemical absorption in the same
column. In Figure 5 the values of the
liquid-phase mass transfer coefficient
k.a for the 1- and ¥-in. Raschig rings
are plotted against L/p., a dimensional
quantity proportional to the Reynolds
number for a given size of packing.
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Fig. 6. Reaction factor 8 for the absorption of carbon dioxide
in sodium hydroxide aqueous solution in bead columns.

The broken lines in the figure represent
the well-known data of Sherwood and
Holloway (21) for desorption of oxy-
gen from water.

CHEMICAL ABSORPTION IN
BEAD COLUMNS

Experiments an absorption of carbon
dioxide into aqueous solutions of so-
dium and potassium hydroxides were
performed with the bead columns. The
liquid-phase coefficient for chemical
absorption k;’ was calculated from the
observed values of the overall coeffi-
cient K, the gas phase mass transfer
coefficient k, estimated from the cor-
relation in Figure 3, and the relation-
ship expressed by Equation (2). In
calculating the values of K, the partial
pressure of carbon dioxide in the bulk
of liquid was assumed zero and the
average of the partial pressure driving
potentials at the top and the bottom
was taken. The effect of the presence
of electrolytes on the Henry’s law
constant was estimated by the method
of Van Krevelen (29). The gas-phase
resistance accounted for less than 10%
of the overall resistance for the carbon
dioxide-sodium hydroxide system and

80
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Fig. 5. Liquid-phase mass transfer in packed
columns.
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less than 309% for the carbon dioxide-
potassium hydroxide system.  Experi-
mental values of the reaction factor g8
were calculated as the ratio of k,’ to
ki; the latter was calculated by Equa-
tion (186).

Experimental values of 8 obtained
from the data on absorption of carbon
dioxide by sodium hydroxide solutions
in the bead columns were compared
with theoretical values. Runs with
sodium hydroxide solutions were so
planned that variation of the concen-
tration of the hydroxide through the
column was less than 109% of the inlet
concentration, and arithmetic average
values were used for C; in Equation
(5). Thus it was assumed that the re-
action was approximately pseudo first
order with respect to the concentration
of carbon dioxide, and Equation (4)
or (7) was valid. Variation of the par-
tial pressure of carbon dioxide in the
gas through the columns was made less
than 5%.

In Figure 6 the data points show
the experimental values of 8 for ab-
sorption of carbon dioxide by sodium
hydroxide solutions of concentrations
below 2N and at temperatures below
20°C. in the bead columns with 1- and
Ye-in. spheres. The curve in the figure
represents Equation (7). Fair agree-
ment between theoretical and experi-
mental values may indicate that for
absorption accompanied by a first-
order or pseudo first-order chemical re-
action in the bead column, and pre-
sumably in the packed column, in
which hydroxynamic conditions in the
liquid phase are considered to be quite
similar to those in the bead column,
the reaction factor can be predicted by
Equations (7) or (4) accurately
enough for design purposes.

Data for the carbon dioxide-sodium
hydroxide system at 30°C. can also be
represented approximately by Equa-
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tion (7) or (4), but in this case an
equation of the type of Equation (3)
gives a somewhat better correlation,
The lower line in Figure 7 is a log-log
plot of the values of (8 — 1) against
{)he ratio Cz/Cu. The line is expressed
Y
B=140.33 (Ca/Cu)* (17)

This empirical equation resembles the
equation obtained by Stephens and
Morris (25) for absorption of chlorine
by aqueous solutions of ferrous chlo-
ride, with the values of the constant
and exponent of 0.46 and 0.83 instead
of 0.33 and 0.7, respectively. The fact
that the values of the exponent on
(Cs/Cu) are less than unity may im-
ply that these reactions are not so
rapid as was assumed by Hatta in the
derivation of Equation (3).

According to Spector and Dodge
(24) the rate of absorption of carbon
dioxide into a potassium hydroxide so-
lution is slightly faster than that into a
sodium hydroxide solution of a corre-
sponding concentration. The upper line
in Figure 7 represents the present data
on absorption of carbon dioxide by
potassium hydroxide solutions at 30°C.
in the bead columns with 1- and %%-in.
spheres. The line can be expressed by

B=1+027 (Cs/Ca)* (18)

The higher value of the exponent on
(Cy/C,:) indicates that the reaction
between carbon dioxide and potassium
hydroxide is faster than the reaction
between carbon dioxide and sodium
hvdroxide.

CHEMICAL ABSORPTION IN
PACKED COLUMNS

Van Krevelen and Hoftijzer (28)
were the first to adopt the reaction
factor in correlating data on chemical
absorption in packed columns. They
assumed that the effective area for
chemical absorption was the same as
that for physical absorption. This as-
sumption seems doubtful to the authors,
because the effective interfacial area
for physical absorption depends on

hydrodynamic  conditions, whereas,
80 -
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Fig. 7. Reaction factor g8 for the absorption of
carbon dioxide in sodium und potassium hy-
droxide aqueous solution in bead columns.
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under certain conditions, the effective
area for chemical absorption is not af-

fected by flow conditions as mentioned

before. When the value of y is greater
than 5, the absorption rate is given by
Equation (8) which does not involve
Le

In the present work experimental
values of k.a were obtained from the
values of the overall coefficient Kaa by
Equation (2) as in the case of the
bead column. The gas-phase coefficient
kea was estimated from the correlation
for the gas-phase mass transfer rate
proposed by Yoshida and Koyanagi
(31) on the basis of their data on ab-
sorption of methanol vapor by water
in a packed column of the same size as
used in the present work. The gas-
phase resistance accounted for less than
5% of the overall resistance in the car-
bon dioxide-sodium hydroxide runs
and less than 30% in the carbon diox-
ide- potassium hydroxide runs.

Some carbon dioxide-sodium hydrox-
ide runs were made under conditions
such that Equation. (8) was valid. It
was possible to find, by trial experi-
ments, the range of C» where k.'a was
proportional to the square root of the
arithmetic average value of Cs, other
factors being kept constant. Figure 8
is a log-log plot of k:'a vs. the square
root of (kC;zD,) calculated from the
data on such runs in the column
packed with %-in. Raschig rings. A
similar plot was obtained from the data
with 1-in. Raschig rings. The slope of
unity of all the straight lines, corre-
sponding to various liquid rates, indi-
cates that Equation (8) did hold for
these runs. Thus it was possible to
evaluate the effective area for these
runs by dividing the values of the
ordinates by those of abscissas. In
Figure 9 the effective area a.. thus
calculated for the 1- and %-in. Raschig
rings are plotted as fraction of the
total packing surface a, against the
superficial liquid mass velocity. The
data points show remarkable agree-
ment with the broken lines represent-
ing the wetted area calculated by the
following equation of Hikita (12)
based on his measurement of the wet-
ted area of paper Raschig rings:

Lo (=)
= 0.046 L 26 (19)

a;

in which
q=—142d,""

Agreement between the wetted area
and the effective interfacial area might
be a coincidence, but this seems to
imply that when absorption is accom-
panied by a moderately fast chemical
reaction and vy is greater than 5, nearly
the whole interfacial area is effective.

A.1.Ch.E. Journal

The fact that the whole interface in-
cluding the semistagnant part con-
tinues to be effective over a prolonged
period could be explained by slow
turnover or diffusion between the semi-
stagnant and the moving parts. Shul-
man (23) noted that the gas-phase
coefficient kya for ammonia absorption
by sulfuric acid increases with acid
concentration. He states that when am-
monia is absorbed in water or very
dilute acid, the effective area is that
of the moving liquid, but as acid con-
centration increases, the semistagnant
part becomes as effective as the mov-
ing liquid.

The next problem is how to evaluate
the effective area for absorption ac-
companied by a relatively slow reac-
tion. If y is smaller than 5, then from
Equation (5)

k> (kCsD,)"?/5 (20)

This inequality should hold if k and/or
Cs is relatively small or k; is large.
However even when this is the case
with the moving part of the interface,
there should be the slowly moving, or
semistagnant, part of the interface
where k; is so small that the above in-
equality does not hold; that is y is
greater than 5. Thus if one assumes
that the interface consists of two parts,
that is the moving part where y is
smaller than 5 and the semistagnant
part where y is greater than 5, the
average coefficient for chemical ab-
sorption per unit packed volume k.'a
can be given as

k(,'a = BkL Aep +
(k Cs Da) " (e — asp) (21)

The total interfacial area a.. can be
evaluated by the aforementioned
method and is practically equal to the
wetted area given by the Hikita equa-
tion. The area of the moving part of
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Fig. 8. The values of k’za for the absorption of

carbon dioxide in sodium hydroxide aqueous

solution in Y-in. Raschig ring packed column
when « is greater than 5.
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the interface is considered substan-
tially equal to the effective interfacial
area for physical absorption a.,. The
latter can be evaluated by comparing
the values of the capacity coeflicient
for physical absorption such as kea or
kia in a packed column with the ko
or k; values obtained with some refer-
ence apparatus (30, 31). The magni-
tude of a., depends to some extent on
the choice of the reference apparatus.
However slight variation of 4., would
affect the calculated value of k.'a very
little, since at the border line between
the moving and the semistagnant areas,
which is not a distinct one, the values
of Bk, and (kCsD,)" should ap-
proach to each other. It should be
mentioned that the assumption that
the value of y is 5 at the border line
between the moving and the semi-
stagnant areas is entirely arbitrary;
drawing a line of demarcation between
the two areas is also arbitrary because
variation of the local liquid velocity
should be continuous. However the
fact that calculations based on the
above assumptions give k/a values
that are in fair agreement with the ex-
perimental values, as will be shown
below, seems to indicate that such as-
sumptions are justifiable at least from
the practical standpoint.

Comparisons were made between
the values of k,a predicted by means
of Equation (21) and experimental
values of k./a for all the additional
carbon dioxide-sodium hydroxide runs
at various quuid rates, temperatures,
and sodium hydroxide concentrations
including the runs for the range of Cs
where k.'a was not proportional to the
square root of (kCj;D.). The values
of a,, were estimated from Figure 9
and the values of a., from the correla-
tion of the effective interfacial area for
physical absorption (31) based on the
data of Fellinger (7) on ammonia ab-
sorption and the Taecker-Hougen data
{26) on the vaporization of water from
all-wet packings. The values of k. were
estimated from the correlation of
Yoshida and Koyanagi (31). The ob-
served and predicted values of k./a are
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in agreement within 20% as shown in
Figure 10.

Another evidence to show that the
effective area for absorption with a
slow or moderately fast chemical re-
action is not the same as that for phy-
sical absorption is a plot against v of
the ratio of the k;a values from the
above mentioned data to the k.a values
for physical absorption shown in Fig-
ure 5. If the effective area for chemical
absorption were the same as that for
physical absorption, the data points
should fall around the theoretical line
shown in Figures 2 and 6. The points
scattered badly above the theoretical
curve.

When absorption is accompanied by
a rapid second-order irreversible reac-
tion, it is considered that the absorp-
tion rate is controlled by diffusion of
the solute gas and the reactant through
the liquid film to the thin reaction
zone. Thus in this case the effective
area in the packed column should be
the same as that for physical absorp-
tion, and the reaction factor 8 should
simply be the ratio of the volumetric
coefficient for chemical absorption k:'a
to that for physical absorption k.a in
the same column under corresponding
conditions. This means that the absorp-
tion rate at the moving part of the
interface is so high that absorption at
the semistagnant part becomes insigni-
ficant in comparison with that at the
moving part. The experimental values
of B were calculated from the present
k:’a data on absorption of carbon di-
oxide into aqueous potassium hydrox-
ide solutions and the correlation for k,a
for physical absorption, shown in Fig-
ure 5, with corrections for variations in
viscosity and diffusivity due to tem-
perature change by means of the cor-
relation by Yoshida and Koyanagi
(81). The calculated values of (8 — 1)
are plotted in Figure 11 against
(Cs/Cu) showing good agreement
with the line representing 8 for the
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bead column. This agreement is a veri-
fication that the effective area in
packed columns for absorption with a
rapid second-order irreversible reaction
is the same as that for physical absorp-
tion.

PREVIOUS DATA ON CHEMICAL
ABSORPTION IN PACKED COLUMNS

Extensive experiments on absorption
of carbon dioxide by sodium hydroxide
solutions and by sodium and potassium
carbonates solutions in packed column
were carried out by Dodge and co-
workers (2, 18, 27). Furnas and Bel-
linger (8) also studied absorption of
carbon dioxide into sodium carbonate
solutions. In these papers effects of
such factors as liquid and gas rates,
temperature, and concentrations of the
reactive liquid component are pre-
sented rather qualitatively. To test the
present method of correlation the data
of references 2, 8, 18, and 27 listed in
Table 4% were used. Data of other in-
vestigations were not useable either
because the size of the apparatus used
was not comparable with the one used
in the present work or because values
of the reaction rate constants and/or
solubility were not available.

Values of the mass transfer coeffi-
cients for the liquid and gas phases and
the overall coefficient were calculated
by the aforementioned procedure. With
previous data for large packed heights
the effect of packed height on k.a was
taken into account on the assumption
that the liquid-phase height of a trans-
fer unit was proportional to the packed
height raised to the 0.15 power (14).
The reaction rate constants for the con-
trolling reactions were estimated as
aforementioned.

Predicted and experimental values
of k/a from the data of Tepe and
Dodge (27) on absorption of carbon

© Tabular material has been deposited as docu-
ment 7419 with the American Documentation In-
stitute, Photoduplication Service, Library of Con-
gress, Washington 25, D. C., and may be obtained
for $2.50 for photoprints or $1.75 for 35-mm.
microfilm,
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dioxide in sodium hydroxide solutions
are shown in Figure 10 along with the
present data on the same system.
Similar comparisons were made with
the data of Payne and Dodge (I8),
Comstock and Dodge (2), and Furnas
and Bellinger (8) on absorption of
carbon dioxide in sodium carbonate
solutions and with the data of Com-
stock and Dodge on absorption of car-
bon dioxide in potassium carbonate
solutions. Predicted and observed val-

ues of k.'a showed agreement within
30%.

CONCLUSIONS

The capacity coefficient for chemical
absorption in packed columns can be
predicted from the mass transfer co-
efficients for the individual phases,
solubility of the gas with the effect of
the presence of ions taken into consid-
eration, the reaction factor, which in
turn depends on the reaction rate con-
stant and other factors, and the effec-
tive interfacial area. The effective in-
terfacial area for chemical absorption
in packed columns is the same as that
for physical absorption only when ab-
sorption is accompanied by a rapid
second-order reaction. For absorption
with a moderately fast first-order or
pseudo first-order reaction the whole
interfacial area is uniformly effective.
For absorption with a slower reaction
the moving part of the interface is
more effective than the semistagnant
part, and the two parts should be
treated separately.

For a new system, with no reaction
rate constant available, experimental
determination of the reaction factor
with use of a bead column would
serve as a guide. With known values of
the reaction factor the volumetric co-
efficient for chemical absorption can
be estimated provided that correlations
are available for the gas phase and the
liquid phase mass transfer coefficients,
the total interfacial area or the wetted
area of packing, and/or the effective
interfacial area for physical absorption.

NOTATION

a = effective interfacial area in
packing, sq. m./cu. m.

a., = effective interfacial area for
physical absorption, sq. m./
cu. m.

¢, = total interfacial area, sq. m./
cu. m.

a, = total surface area of packing,
sq. m./cu. m.

4, = wetted area of packing, sq.
m./cu. m.

Cu, Ca = concentrations of the com-
ponent absorbed at the inter-
face and in the bulk of liquid,
respectively, kg.-moles/cu. m.

VYol..9, No. 3

C» = concentration of the reactive
component in the bulk of lig-
uid, kg.-moles/cu. m.

D4, Dy = liquid diffusivities of the
component absorbed and the
reactive component,
tively, sq. m./hr.

d. = equivalent diameter of the
channel for gas flow in bead
column defined in the text, m.

d, = size of Raschig ring, cm.

erf = Gauss’ error function defined

2 &4
as erf(x) = —:f e du
Vool

G = superficial mass velocity of
gas with respect to the total
cross section of column, kg./

(sq. m.) (hr.)
g = gravitational constant, m./hr.?
H = Henry’s constant defined by
C = pH, kg.-moles/(cu. m.)
(atm.)
Hs = gas-phase height of a transfer
unit, m. )
1 = jonic strength, that is (%)

Sci Z.°, where ¢, is concentra-
tion of ion ¢ and z, is its val-
ency, kg.-ions/cu. m.

K = constant in Equation (14),
sec.™

Ky = overall coeflicient, kg.-moles/
(sq. m.) (hr.) (atm.)

ks = gas-phase mass transfer coeffi-
cient, kg.-moles/ (sq. m.) (hr.)
(atm.)

k, = liquid-phase mass transfer co-

efficient, m./hr.
k= liquid-phase coefficient for
chemical absorption, m./hr.
k, ki, k. = reaction rate constants for
second-order reaction, cu. m./

(kg.-mole) (sec.)

k = reaction rate constant for
pseudo first-order reaction,
sec.™

k. = k at infinite dilution, cu. m./
{(kg.-mole) (sec.)

L = superficial mass velocity of

liquid with respect to the total
cross section of column, kg./
(sq. m.) (hr.)

N. = rate of absorption, kg.-moles/
(sq. m.) (hr.)

= quantity absorbed in time ft,

kg.-moles/sq. m.

T = absolute temperature, °K.

t = time, hr.

Greek Letters

B = reaction factor defined as
k.’ /k;, dimensionless

T = liquid rate per unit of perim-
eter of the spheres, kg./(m.)
(hr.)

¥ = ratio defined by Equation (5)

e = gas viscosity, kg./(m.) (hr.)

po = liquid viscosity, kg./ (m.) (hr.)

pr = liquid density kg./cu. m.

o = surface tension, dynes/cm.
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