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ABSTRACT

Twocommercially availablesodalime-type CO, scrub-
ber productswere comparedfor gpplicationinrecircula
tory respiratory systems. Carbon dioxide absorption ca
pacity, useful absorption duration times, mesh size, and
percent moi sture content were compared under dry and
humidified breathing gas conditions for Sodasorb and
Sofnolimebrand products. No difference between the two
brandswasfoundintherateof reactionwith both brands
providing equivalentresultsfor equivaent particlemesh
gzes. The smdler available mesh sze (8-10; USA Stan-
dard) absorbs CO, at afaster rate than the 4-8 mesh, but
thetotal amount of CO, absorbed isindependent of mesh
sze. Sofnolime high moisture products absorb ahigher
percentage of CO, than any of the Sodasorb products
tested and the Sofnolime high moisture products were
reativelyinsengtivetofeed gashumidity. Overal Sofno-
lime is a more efficient and versatile product for use in
recirculatory respirators than is Sodasorb.

Introduction

Calcium hydroxide scrubbers, commonly known as
sodalimes, are the most frequently chosen carbon dioxide
absorbent for recirculatory respirator sysems. The low
cost, ease Of use, safety, andlow exotherm (lessthan half
that of most other commonly used scrubbers) makesthem
preferabl ef or most conventional applications. Currently
twomajor brandsareavailable; Sodasorb (WR Graceand
Company, New York, New Y ork) and Sofnolime (Molecu-
lar Products, Ltd. Thaxted, Essex, England). The results
reported herein were obtained aspart of alarger sudy to
evauate thefeashility of reducing excess water and heat
generation at higher metabolic work loadingsin cosed
circuit Sdf Contained Breathing A pparatus. The purpose
of thesodalimestudieswastoestablishtesting procedures
and provide abasdine against which new formulations
canbeevauated.

Testing Procedures:

Two basic testing procedures have been established to
test CO, scrubbers: (1) a dow reaction test which meas-
uresthe maximum carbon dioxide capacity of the scrub-
ber and provides a qualitative absorption rate compari-
son and (2) afast reaction test used to compare efficiency
of the scrubber in completely removing a gas stream of
carbon dioxide.

Figure 1 outlines the equipment st up for the dow
reaction procedure. A controlled sample weight of scrub-
ber (10 g for scrubbersin granule form) is placed on an
electronic balance that has a minimum readability of
0001 grams. The sample is covered and flushed a a
constant flow rate with 9% CO, in oxygen (CO, = 100 mV/
min, O, = 1,000 mVmin). The resulting graph of time
versus change in weight can be used to compare therate
of reaction of various scrubber materials.

Some scrubber samples contain apercentage of water.
The controlled sample weight (10 grams) is the dry base
materia. Once atest is completed, the reacted sample is
driedin an oven at 93°C to remove the water producedin
the CO, metal hydroxide reaction. The change in weight
fromthe origina dry weight to reacted dry weight can be
used to caculate the grams of CO, absorbed during the
test. A sample calculation is shown using a Ca(OH), test
run as the example. Looking at the reaction and corre-
sponding molecular weights: '

Ca(OH2 + C,2 —> CaCO, + H,0
749 + 44g —> 100g + 18

In this example, if 74 g/mole is the starting base
material, then for each mole of CO, absorbed, 100 g/mole
of dry material remains, giving adry weight difference Of
26 g per mole of CO, absorbed. Using the relationship and
callingthedifferencedry weight W, thefollowing calcula-
tionsis made to find the grams of CO, absorbed:
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53gW,* [1moleCO,/26gW,] *
[44g Co, /1 mole Co,] = 9.0g CO,

Figure 2 is a schematic for the fast reaction test setup.
The scrubber is tightly packed into a 21 cm by 3 cm
internal diameter cylindrica bed through which 9.0%
CO, is passed at 2,200 ml/min (twice the rate of the ow
testing procedure). The duration to initial breakthrough,
the rate of increase to 4% CO,, maximum exit gas tem-
perature, and the maximum scrubber bed temperature
are compared under humidified and dry conditions for
equal volumes of various test scrubbers.

Comparison of Commercial Scrubbers

Severad Sofnolime samples were obtained: 1) high
moi sture content (15% - 20%) products in mesh sizes4-8
(USA Standard Testing Sieves) and 8-10, 2) low moisture
content (6%-8%) product in mesh szes 4-8 and 8-10. For
convenience in the following report, the high moisture
products are designated Sofnolime HM and thelow mois-
ture products designated Sofnolime LM followed by the
appropriate mesh sze. The Sodasorb product is readily
available only as Sodasorb HM (high moisture) and So-
dasorb HP (high performance) mesh sze4-8. Other types
and mesh sizes are available from WR Grace on a pecia

order, large quantity basis and were, accordingly, not
tested. Sodasorb HP is dso a high moisture version in
which raw materials of higher purity are used than are
used in Sodasorb H. To compare differentmesh sizesthe
two Sodasorb products we crushed by hand and sieved to
8-10 mesh size.

SowReactionTesting:

During the testing with the dow reaction equipment
both brands of high moisture Sodalime absorbed carbon
dioxide at equal rates. The mesh sizedid effect the rate of
absorption under both dry and humidified conditions.
Mesh size 810 scrubbers absorbed CO, at afaster rate and
reach their peak morequickly than the4-8 mesh size. This
is due to the increased outer surface area of the smaller 8-
10 mesh size scrubber. The difference in rate absorption
between the 8-10 and 4-8 islesswhen the 9% CO, gas feed
ishumidified and therates are dightly faster compared to
thetestsusing dry feed gas. Figure 3 isagraph represent-
ing the genera patterns of time versus changein weight
asthe scrubber absorbs CO,. Sofnolime LM 8-10 scrubber
hasafast rate of CO, absorption, asdo the other 8:10 high
moisture scrubbers but the peak of absorption is reached
considerably earlier, showing a shorter reaction timethan
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any other samples.

Figure4 comparesthetota weight of CO, absorbed by
different scrubbers. The total CO, absorption isindepend-
ent of product meshsze. Inthiscomparisonthe Sofnolime
HM products consistently absorb 12% more CO,, under
dry conditionsand3%moreCO,under humidifiedcondi-
tionsthanthe Sodasorbproducts. All scrubbersshowedan
increased CO, capacity when using humidified gases as
comparedwithdry gases, with Sofholime LM showingthe
greatest change. The Sofholime LM 4-8 exhibited a sub-
gtantial increased absorption from 12%6to 57% whilethe
8-10 mesh sze only increased from 48% to 65% of the
theoretical capacity. A 153% increase in absorption was
observed in the Sodasorb products when testing with
humidified gases The Sofholimehigh moisture scrubbers
were not as senditive to the condition of the feed gas, the
CO, capacity only increased 3% when changingfromdry
tohumidifiedgasstreams.

SofnolimeHM alsoissuperior tothe Sodasorb products
inthefastreaction testing. Figure5comparesthetimevs.
CO, breakthrough, for the dry condition tests Usingequal
volumes of scrubber, the time to initial breakthrough of
theSofnolimeHM productsareon anaverage 35%0longer
than the Sodasorb products. This is consstent with the
initial dow reaction test results which showed tha* an

equa weight of Sofholime HM will absorb a greater
amount of CO, than the Sodasorb products. Mesh size has
the same effect on performance in the dry condition fast
reaction series of tests as in the dow reection tests. The
smdler 810 mesh shows alonger time to initial break-
through, then increases to 4% CO, more rapidly than the
same scrubber in thelarger 4-8 mesh sze. Mesh szehas
no significant effect on theamount of CO, absorbed at 4%
breakthrough by any particular scrubber.

Humidified air lengthens the time to the initial 0.1%
breakthrough and to the 4.09% breakthrough. The initial
CO, breakthrough timesfor humidified gases are depend-
ent on mesh size with the 4-8 mesh breakthrough time
being shorter than that of the 8-10 mesh sizejust aswhen
using dry feed gas. The major difference between humidi-
fied and dry gases is that the rate of rise from 0.1%
breakthrough to the 4.0% CO, concentration leve is
independent of mesh size. The Sofnolime HM products
have longer breakthrough times and increased CO, ab-
sorption than the Sodasorb products for both dry and
humidified results. The percentage of theoretical capacity
for al scrubbersrose dightly fromthe dry to the humid
tests with the Sodasorb products exhibiting a larger
changethan the Sofnolime.

Sofholime LM showed a60% increase in the time to
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i initial breakthrough for the 4-8 mesh (45min. to 7.2 min.)
)] and a50% increase (9.5 min. to 142 min.) for the 8-10
‘I mesh when changing from dry to humidified feed ges
However, when using ahumidified feed gas no significant
incressein the amount of CO, absorbed was detected in
this testing procedure.

Conclusions

High moisture Sofnolime products absorb more grams
of CO,per gramof scrubber thantheSodasorbproducts.
Sofnolime high moi sture scrubbers were significantlyless
sendtiveto the feed water content than Sodasorb. The
rate of absorption isequal for both products at the same
mesh 9ze Smdler mesh szesincreasethe rate of absorp-
tion for both brands of scrubber. Low moisture Sofnolime
hasacomparabl erate of absorption to thehigh moisture

scrubbers but has a significantly lower CO, capecity.
Humidified feed gas increases the amount of CO, ab-
sorbed by both the Sodasorb products and the Sofnolime
LM significantly. Initiad CO, breakthrough times and the
riseto 4% CO, increased for the 4-8 mesh size scrubbers
when under humidified conditions.

Overdl in our test setups, the Sof nolimehigh moisture
scrubbers significantly out performed the Sodasorb prod-
ucts and are less sengtive to the feed gas condition. No
datistical differences were observed between Sodasorb
HM and Sodasorb HP products.
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