THE ACTIVITY AND SURFACE AREA
OF FRESH SODA LIME

E. 8. Brown, M.D.

Recent advances in absorption theory have eliminated the need for
tedious empiric methods in the design of absorption equipment. It
would seem timely to apply this modern approach to the problem of
carbon dioxide absorption in anesthesia. In the development of the
to-and-fro absorber, Waters achieved an efficient design established
by extensive clinical trials (1). More than a deeade later, the perform-
ance of Water’s absorber was tested in the laboratory and found supe-
rior to other possible shapes and sizes (2). In recent years, a different
system, the circle, has become commonplace in various designs which
depart radically from that of the eylindrical to-and-fro. It would ap-
pear worth while to base ahsorber design upon a consideration of the
properties of the absorbing material on the one hand and the require-
ments derived from the patient’s breathing on the other.

To obtain data for application of this absorption theory to design
of absorbers for anesthesia, a number of studies have been undertaken
in our laboratories. This report presents data pertinent to the initial
activity of high-moisture soda lime.

TaEORY

In the absorption of a gas by a liquid there is a transfer of material
from the gas phase to the liquid phase where reaction takes place. The
transfer is accomplished by diffusion gradients. For absorption of
carbon dioxide by lime slurry containing sodium hydroxide, the dia-
gram of gradients in figure 1 has been postulated by Weber and Nilsson
(3). Probably the same diagram applies to the surface of soda lime
since moisture is vital to adequate activity (4, 5, 6), and the transfer
can be considered to be from gas to a thin layer of solution overlying
the surface of the lime.

Two gradients are present, one in the gas phase and the other in the
liquid phase. Both can be considered together to give an over-all
gradient and activity expressed as an over-all mass transfer coefficient
As for other diffusion coefficients, the over-all mass transfer coefficient
is dimensionally em.? per seccond. The units used are gram moles per
second per atmosphere per square centimeter.

To obtain the over-all mass transfer coefficient we need to know
the gradient or the difference of the partial pressures in the gas and in
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the bulk of the liquid. As indicated in figure 1, the partial pressure in
the bulk of the liquid can be ignored. The partial pressure of carbon
dioxide in gas flowing through a bed of absorbent having a uniform
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Fig. 1. Four mujor parta of the liquid film of absorption of earbcn dioxide by milk of
lime containing sodium hydroxide (3). (Reprinted by permission from Ind. Eng. Chem. 18:
1070, 1926.) A—gas-liquid interfaec; A-B—earbon dioxide diffusion inward and reaction
with water; B-C—HCO,- diffusion inward and reaction with water; C—neutralization reaction
11+ OHl-— I,0); C-D—CO,* diffusion inward, OH- diffusion outward; D—reaction of
Cas* amd CO,* with precipitation; D-E—OH- and Ca** diffusion outward, and E—Rulk of
the liquid. .
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transfer coefficient throughout should decrease logarithmieally along
the length of the bed. This is expressed in the equation:

Pr) o _ g oiL
l"(p:) l\,u‘., Pa

p: is the inlet partial pressure of CO,,

pe is the partial pressure at the end of the bed,

K, is the over-all mass transfer coefficient,

a is the surface area per unit volume,

4 is cross section and

L the length of the bed,

V the flow rate through the bed, and

ps the absolute pressure of gas passing through the bed.

where :

One quantity that is not known is a, the surface area per unit volume.
A number of factors can decrease the effective surface area particularly
when liquid flows through the bed to act as the absorbent. Here parts
of the bed can be completely filled with fluid, while other parts can be
dry.  With soda lime, channeling can he expected to reduce the effective
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area. The usual practice is to incorporate this unknown area to volume
ratio in the transfer coefficient and report a bulk mass transfer coeffi-
cient, K,a, gram moles per cubic centimeter per atmosphere per second.

MeTHOD

Data from a previous report (7) were combined with recent results
to calculate bulk mass transfer coefficients. A constant flow of carbon
dioxide 5 per cent in oxygen, humidified to 100 per cent relative humid-
ity, was passed through to-and-fro canisters at several flow rates.
Carbon dioxide conecentrations at the inlet and outlet of the canister
were measured by means of an infrared carbon dioxide analyzer and
recorded. A rotameter was employed to monitor flow rate. Initial
values for the outlet concentration were obtained by extrapolation on
the record to zero time to allow for washout of the absorbent bed.

TABLE 1
Intmian Over-aLy Mass Transrer CorrrFICIENTS AT Vantovs Frow Rates

Flow (litara/minute)

Canister
Lzen
(krama) 18 30 0 o6 03 n7 125
450 0.06 0.145 0.31 0.51
350 0.03 0.155 | 0.43 0.92 1.30
Exit CO:x(per cent)
180 0.23 0.80 1.23

Infant 0.25 } 0.865 1.39

450 35.0 39.5 39.0 36.9
Ky X 10°* (g. mol./ 350 345 | 387 385 3.5 308
cc./sec./atm.)
180 322 | 316 34.1

Infant | 340 | 313 309

No essential difference between brands of soda lime.  Kya about 39.0 X 10~* gram mole per
hour per cubic centimeter per atmosphere.

ResuLts

The initial value of the bulk mass transfer coefficient was relatively
unchanged by gas flow rate or bed volume in to-and-fro canisters (table
1). The best K,a value from these studies (7) and recent unpublished
data was 39.5 X 10”* gram mole cm.? per atmosphere per second.

Values of K, for absorption of earbon dioxide by caustic solutions
(8, 9) indicate a maximum value of from 3.5 to 4.0 X 10-* gram mole per
em.® per atmosphere per second. The value of a would therefore be
not less than 100 em.*/ce. for 4 to 8 mesh soda lime. The surface ares

20z ludy 0z uo 3senb Aq jpd°80000-000£08S6 |-Z¥S0000/295609/802/2/6 1 /4Pd-01o11e/AB0|0ISOUISBUE/WOD JIEUYDIDA|IS ZESE//:d}}Y WOI) papeojumoq



elume ¥ ACTIVITY AND SURFACE AREA OF FRESH SODA LIME 211

of 4 to 8 mesh particles without pores should be 5 to 6 em.?/ce. (10).
Thus the pore surfaces are active in the absorption. From catalyst
theory developed by Wheeler (11) the percentage of the total surface
that is being actively used can be calculated. Essentially a comparison
of the rate constant determined experimentally and the maximum the-
oretical rate of diffusion into the pores, Kp, gives a factor, 6.5, which
(from Wheeler’s figure 5) indicates that about 16 per cent of the
surface is being used. Therefore, the total surface area should be
about 600 cm.*/cc.

These studies were repeated using 8 to 16 mesh soda lime. This
absorbent had a moisture content of 14.9 per cent dry basis and a pore
volume of 11.1 cc. per 100 grams with a potential pore volume of 26 cc.
per 100 grams. The bulk mass transfer coefficient Kya was 78 X 10~
gram moles per second per cubic centimeter per atmosphere. The ap-
parent surface area is at least 200 em.?/ce. Application of Wheeler’s
formulas yields a factor of 3.2 which indicates that about 30 per cent of
the total area is active. The total area would be about 670 cm.*/cc.
This is an excellent check of the specific sarface.

Discussiox

These estimates of total surface area per cubic centimeter of ab-
sorbent assume proper packing of absorbent and the absence of chan-
neling in the to-and-fro canister. If channeling is present, the active
surface area as caleulated is too small. Moreover, the factor employed
in finding total area will alse be too small and the active area would be
a smaller fraction of total area. Thus, an appreciable amount of chan-
neling in to-and-fro absorbers would require an upward revision of
these estimates of total surface area.

The results obtained in this study necessitate a change in visualizing
the processes involved in absorption of carbon dioxide by soda lime.
Besides the gradients present across the surface films, an additional
gradient is present from the pore mouths into the granule. During
exhaustion this gradient must extend deeper into the granule. This
brings more surface into activity. Thus, as the activity of the surface
decrenses near the pore mouth, ecarbon dioxide molecules can diffuse
deeper into the granule and active surface area increases.

The activity of the granule is not increased by this additional sur-
face area. The amount of earbon dioxide diffusing into the granule
depends on the area of the pore mouths opening on the external surface
of the granule and is inversely related to the average distance carbon
dioxide diffuses into the pore. When the diffusion path lengthens, as
it must to increase the active surface, the amount of carbon dioxide
transferred into the pores decreases. Only an increase in the earbon
dioxide concentration in gas surrounding the granule will push more
carbon dioxide into the granule. This has no effect on the apparent
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activity of the granule, which would be expressed as gram moles per
second per atmosphere per granule.

Another factor must also be considered. With pores partially filled
with water, this water must be evaporated by the heat of reaction
before more surface is exposed. This immediately raises the question
as to what exhausts soda lime, using up of reactants or drying out the
particle.

SuMdtary

The over-all bulk mass transfer coefficient of fresh + to 8 mesh high.
moisture soda lime in to-and-fro canisters was 39.5 X 10* gram moles
per second per cm.? per atmosphere. Calculations indicate that the
active surface area is not less than 100 em.?/ce. and is about 16 per cent
of the total surface area. Total surface area is estimated at 600 em.*/ce.

This study was supported in part by fuids provided under Contract DA 49.007-MD-507
with the Division of Research and Development, Office of the Surgeon General, Department
of the Army. The soda lime used in this study was suy plicd by Mallinckrodt Chemieal Works,
St. Louis, Missouri.
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