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In September, 1943 cons iderable  i n t e r e s t  was 
expressed In the use of Soda Lime t o  remove the  C02 content  
of noma1 a i r  before  It was compressed f o r  use i n  the NDRC 
l i qu id -a i r  oxygen unlts. Very l i t t l e  data xes avctllable 
st the  t i m e  Qn t h e  perforlleance of Sgda Lime under these  
condi t ions .  Arthur 0. Little, Tnc. was requested to i n i t i a t e  
as rapidly 89 poss ib l e  din experimental  program $0 evalua te  
doda Lime and p a r t i c u l a r l y  Dewey & Almy’s High Moigturs Low 
Caust ic  Soda &lme f o r  th is  purpose. 

A review of t h e  l i t e r a t u r e  showed a v a i l a b l e  data 
t o  be very meager. 

Two a r t i c l e s  by R .  E ,  Wilson are of i n t e r e s t .  
(J.I.E.C. Vol. 11, p .  420; 1919 and J . I . E . C .  v o l .  12,  
p .  1000-7; 1920). The latter , r e f e rence  offers some 
i n t e r e s t i n g  deta on var ious  compositions of Soda Lime 
plus sgme squi l fbr ium moisture data f o r  t he  C 0 2  absorbing 
type. T h i s  data i s  tabulated below. 

Sample Moigture $ NaOH Time t o  On. COg/Gm. of 
Desigriatfon Conteqt Dry 9 8  abaorbent a t  

Basis Ef f i c t encg  50% e f f i c i e n c y  
v k 

A 14.8 41.5 17 
B 1 . 2  21.0 14 
C 14.4 43.4 34 
D 2 . 1  40.8 12 
E 11.75 39.9 26 

Army fndus- 12.0 5.0 70 

Spec ia l  CO:! 
Soda Lime 17.6 4.0 110 

t r i a l  Soda Lime 

029 
.024 
.063 . oqo 
041 

.240 

,320 

15 em. deep bed--85$ RH--2$ C02 
f low r a t e  500 cm3/cm2/min. 

Equilibrium Moisture Content o f  4.5% NaOH (Dry Basis) Soda Lime. 

$ Water $ R.H.  of Equilibrium 
A i r  a t  2 5 O C .  

2 
4 
5 
10 
15 -- 

1 2 b 2 1 2 2  

17 
43 
50 
73 
82 
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Since the  e f f i c i e n c y  of Soda Llme as a C02 absorbent 
I s  markedly a f f e c t e d  by its moisture content ,  t he  importance 
of the above data is quickly seen, 
l e v e l s  is unavai lab le  as far a9 i s  known. 

Data a t  o the r  temperature 

The Navy has s e t  up s p e c i f i c a t i o n s  f m  Soda Lime. 
Considerable work has been done r e c e n t l y  by the  Naval Research 
Laboratory on var ious C02 absorbents  submitted t o  them f o r  
t e s t i n g  according t o  t h e  above s p e c i f i c a t i o n s .  This t e s t  
$s run with a flow rate of 500 cd/cm2/min. using a gas 
containilrg 2.M C O 2  and 80$ R . H .  
f i c a t i o n s  must p ick  up 9.25  gm. COa per  gm. of absorbent  
before  t h e  s t r i p p i n g  e f f i c i e n c y  on the  gas gets below 5M. 
G i v e n  below i s  8 d i g e s t  of the  data included i n  t h e i r  r e p o r t s  
bear ing NDRC i d e n t i f i c a t i o n  numbers A 1 1 7 3  A1174 A1175, and 

Absorbents t o  meet spec i -  

~ 1 1 1 5 .  

Absorbent Mesh Time of 
S ize  Complete 

Strippisg- 
min. - 

Ascar i t e  8-20 180 
Baralyme 3/16 p i l l s  0 

8-14 80 
140 

Cardoxlde 

0 
Dloxorb 

20 430 I1 Mikohbite 
Shell Natron 2-8 140 
Soda Lime 8-14 10 

100 
Ma 1 linc krod t 

Navy Spec, Soda 
Lime 

8 fines 210 
200 

LIOH new 
LIOH s t o r e d  
I n d i c a t o r  Soda ---- 20 

Ind ica to r  Soda ---- 110 

D.  & A .  Soda 

t I  

II 

I 1  

I t  

Lime 

Lime 

Lime I, 8-14 100 
8-14 140 

Soda Lime from 4-8 20 
11 I t  

Medica$ Supply 
Depot 

G r a m s  C02 per gram 
of reagent  when s t r i p p i n g  
efflaleacy reaches 50% 
Room Temp. ' 0°C. 

361 
139 

,241 
,249 
.020 
.154 

,191 
.183 
,064 
,063 
.017 
135 

.046 ' .046 

.238 .086 

.761 9 795 
.694 693 

.242 ---- 
---- .200 

309 

* 159 
.310 

The Shel l  Natron could n o t  be run t o  50$ e f f i c i e n c y  
as i t  plugged t o  guch a poin t ,  due t o  water absorpt ion,  tha t  
the  gas could n o t  be forced through the bed. 

equiva len t  t o  .114 C F M / S ~ .  i n .  
The flow rats used here of 500 cd/cm2/rnin. i s  
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The above data is wi th  gas streams high i n  C02. 
It is quest ionable  of j u s t  how much value the  data i s  i n  
indlcatlng an answer t o  the problem at hand. 
assumes 0 vapar pressure of C02 above t h e  absorbent  and loo$ 
dlffusion of C02 through the  gas f i l m  a t  the  sur face  of t he  
nbeorbent, one m i g h t  c a l c u l a t e  the above data over i n t o  per- 
formance on gas streams conta in ing  .03-.04$ C02. However, 
t hese  assumptions p a r t i c u l a r l y  a s  regards d i f f u s i o n  do n o t  
appear  warranted. 

If one 

Some data b e  a l s o  been obtained on abso rp t ion  o f  
the C02 by Foda Lime from the  Dewey & A l m y  Co. and f rom a 
Br i t i sh  Admiralty Report having a n  NDRC number C-2564. 
both cases  they a re  working w i t h  gas s t r e ~ m s  high i n  C02 
compared t o  air. The British r e p o r t  does show that  upon 
exposure t o  5s C02 gas streams Soda Lime can p i ck  UP 
gram of absorbent o r  200 volumes of C02 per  volume of 
absorbent .  However, no data $3 given as  t o  the  s t r i p p i n g  
efficiency on the  gas stream when using Soda Lime under these 
cond i t ions .  

In 

grams/ 

From th i s  l i t e r a t u r e  no Spe8ifl.C data d i r e c t l y  
a p p l i c a b l e  t o  the problem a t  hand was a v a i l a b l e .  

An experimental  program was s e t  up which cons is ted  
of  pass ing  a i r  of known humidity, temperature,  and pressure  
through a bed of Dewey and Almy High Moisture Low Caust ic  Soda 
Lime a t  known mass air flow rates.  In order  t o  determine 
t h e  performance o f  the  bed a n  a n a l y t i c a l  method was needed 
t o  determine .the C02 contents  of the i n l e t  a i r  t o  the bod 
and the C02 s t r i p p e d  a i r  from t h e  bed. 

t 
f 

Severa l  methods were considered but  only two seemed 
t o  of fe r  romise. Norman Spector's method descr ibed i n  NDRC 
r e p o r t  #l t 26 appeared a t t r a c t i v e .  
equipment was not a t  hand. A secosd method, the  Van Slyke 
Manometric method, was chosen. 

However, t he  necessary 

Considerable work has been done i n  a t tempt ing  t o  
use th i s  procedure. A technique was worked out whereby 
when using 300 cc .  samples of f a i r  checks could be 
obtained on a i r  w i t h  .003-.00gr;62 and good checks obtained 
on air  with .03- .04$ C02. However, one man and one 
appara tus  could only make about  3 o r  4 determinat ions per  
day. Fur ther ,  t he  technique requi red  considerable  s k i l l  
and concent ra t ion .  (See Appendix f o r  no tes  on t h i s  method). 

A f a s t e r  l e s s  t ed ious  method was sought.  Re- 
cons ide ra t ion  of M r .  S p e c t o r ' s  work suggested tha t  r a t h e r  
than determining the  Change i n  pH of an  a lka l i  s o l u t i o n  
by change is colC0:of'an ind$cc?tor i t  might be done on a 
glass e lec t rode  pH pe te r .  BaTOH)2 was chgsen r a t h e r  thaq 
NaOH s i n c e  the change i n  pH would be g r e a t e r  with thesame 
C02 i npu t ,  due t o  the I n s o l u b i l i t y  of the carbonate formed. 

1 2 b 2 1 2 4  
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\ 
A technique has been worked out which appears oatis- 

f a c t o r y .  A .001N Ba(OH)2 s o l u t i o n  i s  used. 20 cc.  I s  
placed In  a medium porosity f r i t t e d  g l a s s  buchner funnel of 
30 cc. t o t a l  capac i ty .  A flow of about .009 CFM i s  passed 
through the f i l t e r  atornlzi 
pass through the  a l k a l i .  
method). 

t he  gas i n t o  tiny bubbles which 
?See Appendix for detai ls  of 

Inlet air  t o  the f i l t e r  I s  run f o r  1 t o  2 minutes 
and the pM change noted.  S t r ipped  a i r  i s  run with fresh 
Ba(0H)z u n t i l  the same pH change I s  obtained.  The r a t i o  
of the  CO2 concent ra t ions  i n  the two gas $reams can then  be 
e a s i l y  c a l c u l a t e d  from the  times requi red  t o  ge t  the  same 
pH change. 

The s tud iea  on t h e  e f f e c t  of mags flow were 
i n i t i a t e d  before the work was stopped. A bed of Soda Lime 12  
inches deep with a c r o s s  s e c t i o n a l  a r e a  of 12.72 3 q .  in. was ' i  

used. Atmospheric pressure  ope ra t ion  data was obtained 
f i r s t .  

Fresh  D. & A .  H i g h  Moisture Soda Lime wag uged f o r  t he  
IO@ s t r ippzng  of e02 was Qbtalned at mass flows of 

A f t e r  18 hours o f  ope ra t ion  a t  a mass f l o w  of 39 C M  

t e s t s .  
36.2-158 CFM per  cubic  f o o t  of  f r e s h  absorbent .  

p e r  cubic f o o t  of absorbent and with 67°F. a i r  a t  a r e l a t i v e  
humidity of 38$, complete g t r i p p i n g  was obtained a t  flows of  
36.?-106.3 CFk per  cubic  foot of  absorbent .  
rates w e m  n o t  checked a t  t h i s  p o i n t .  Af te r  10 hours more 
operation with a$r a t  65.8"F. and a relative humidity of 25$, 
the s t r i p p i n g  e f f i c i e n c y  was as follows. 

Higher f low 

Performance Af te r  28 H r s .  

Mass Flow $ of c02 
CFM/CF of Fed 
Soda Lime Removed 

20.4 50 
39.0 40 
58.8 28 
80.8 16 
103.6 5 

The Soda, Lime was removed and its moisture and C02 
determined. 

.. j  

1 2 b 2 1 2 5  



Moisture Content 

C02 Pickup 

Location i n  
Tower 

TOP 
Middle 
Bottom 

TOP 
Middle 
Bottom 

2.65 
2.46 
2.73 

8 co2 

7-31  
7.33 
9.00 

A l p  i s l e t  t o  t he  tower is a t  the  bottom. 

It should be noted that  the  above m O i S t U P 8  conten t  
checks very we l l  t he  equi l ibr ium value o f  2.68 obta inable  
from eqvi l ibr ium moisture data from R .  E .  Wilson given e a r l i e r  
i n  this  r e p o r t .  

The C02 content  of the spent  ma te r i a l  i s  very low 
compared t o  dsta of o t h e r  workers. However, i t  is almost 
c e r t a i n  th i s  i s  due t o  the dehydrat ion of the Soda Lime under 
t h e  cond i t ion  i t  vas ~ 8 e d .  

A second t e s t  In  which the  humidity of the air was 
maintained a t  80-90$ r e l a t i v e  humidity w&a s t a r t e d  before the  
work was discont inued.  This t e a t  was on stream f o r  e leven 
hours and a t  the end of th is  time shgwed better than 9% 
s t r i p p i n g  a t  mass sir flow rates up t o  the maximum t e s t e d  
namely 114 CFM per cu .  ft. of absorbent. 

At this point i n  the work the N . D * R . C .  con t r ac to r s  
using the Soda Lime found they  obtained super ior  r e s u l t s  
when they operated i n  8 differeat  manner from that o r i g i n a l l y  
proposed. 
t o  3000 p , s . i .  ga. rather than before compression has given 
b e t t e r  resuLts  i n  p r a c t i c e .  

Free ing  the a i r  of' C02 a f t e r  compression t o  2000 

Arthur D. L i t t i e ,  Inc. does no t  have f a c i l i t i e s  a t  
hand t o  s tudy the abso rp t ion  a t  these pre fe r r ed  ope ra t ing  
cond i t ions .  It was the re fo re  decided not  t o  pursue t he  
work here f u r t h e r .  
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A P P E N D I , X  

Use of Van Slyke Manometric Apparatus 

The gene ra l  procedure followed i n  the  use af the 
Van Slyke Manometric Apparatus t o  determihe the  CO2 content  
of gas streams conta in ing  0.003 t o  0.04s COa Was that 
descr ibed i n  P e t e r s  and Van SLyke's book "Quan t i t a t ive  
Clinical Chemistry", volume I1 Method3 page 119. 

Approx iwte ly  286 cc.  sangles  of air  Were used f o r  

All. measurements of gas volumes 
the determinations i n  a procedure a3 ou t l ined  on page 125 i n  
t h e  above mentioned book. 
subsequent t o  the  i n i t i a l  a i r  sample were at the 0.5 cc.  
volume mark. 

Resul t s  on air using 286 cc.  a i r  samples gave 
these  r e s u l t s .  

0.0459 
0.0513 
0.0405 
0.0454 
0.0513 
0.0414 
0 0393 

Deviation from 
average 

+ 0,ooog 
+ 0.0063 - 0.0045 
+ 0.0004 
+ 0.0063 - 0.0036 - 0.0057 

0.0450 average 

Resul t s  on stripped air a r e  given below. 

% co2 
0.00204 
0.00177 
0.00117 

0.00166 average 

Deviation 

+ 0,00038 
+ 0.00011 - 0.00049 

0- The method was very slow (3  o r  4 determinat ions 
could be made by one man i n  8 hours )  and required extreme 
a t t e n t i o n  t o  de ta i l .  
agreement of the results, the mothod wa8 abandoned as a means 
o f  checking t he  s t r i p p i n g  e f f i c i e n c y  o f  the Soda Lime bed .  

N 
A 
p3 

Because of t h i s  and t h e  not  t o o  good 
2 

Glass Electrode C02 determina t ion  

Instead of using the  Van Slyke method t o  determine 
C02 a t  concent ra t ions  of 0.003-0.03$, a procedure was worked 
out  based on determinlng the change an pH of  a Ba(OH)2 solution 
due t o  exposure t o  C02. 
Be c m n  gla 3 e le c tr~de-@Lme&ax,,-..-~ _.__* 

The pH change was measured on a 

-- ULIU - qg-r-J- g# - 
- L _ I  - 
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The method assumes that  under the condi t ions  of 

Thus i f  one takes  two 
the t e s t  that  all t he  C02 presen t  i n  the  gas stream i s  
removed by the Ba(OH)2 s o l u t i o n .  
po r t ions  of standard Ba(OH)2 and determines the  times 
necessary t o  got  the same pH change w i t h  gas atreams of di f fe r -  
ent  Cot content ,  the C02 con ten t s  of the  gas streams may be 
determined e a s i l y  from the t imes determined. 

In l e t  a i r  Out le t  A i r  
ApH o f  0.10 i n  2 min, iP g$-I of 0.10 in.2.35 min. 

The r e p r o d u c i b i l i t y  of the method seemed satis-  
f a c t o r y  f o r  the purpose a t  hand. 

The fol lowing pHrs were taken on the standard 
Ba(OH)2 s o l u t i o n  used over the per iod of about one week. 

Date PH 
11.36 
11.34 
11.36 
11.36 
11.37 

In  one per iod  of ope ra t ion  the changes i n  pH of 
the standard solution on several dup l i ca t e  tes ts  of t he  i n l e t  
a i r  t o  the Soda Lime bed were as follows: 0.10; 0.09; 0.10; 
0.13; 0.10. 

The procedure b r i e f l y  may be descr ibed as fol lows.  

Before each t e s t ,  the  f r i t t e d  g l a s s  p l a t e  f i l t e r i n g  
funnel se rv ing  as a t e s t  chamber was washed w i t h  d i l u t e  
n i t r i c  acid, d i s t i l l e d  water, acetone,  and e t h e r  t o  f r e e  the 
cup o f  so lu t ions  and res idues  from previous d e t e r m i m t l o n s  and 
t o  thoroughly dry i t .  

20 cc .  of 0.001 N Ba(0H) was placed i n  the flznne1 
whose t o t a l  capac i ty  above t h e  f r  f t t e d  p l a t e  was 30 cc .  
The g l a s s  e l e c t r o d e s  of the Beckman pH meter were mounted i n  
a rubber s topper  along w i t h  a s u c t i o n  tube se rv ing  as a 
gas o u t l e t  f o r  the t e s t  chamber. 
assembly was i n s e r t e d  in t he  funnel tes t  chamber and a i r  
t o  be t e s t e d  was d r w n  through the  t e s t  chamber with a water 
a s p i r a t o r .  The a i r  fxow was measured on a #O Rotameter 
and maintained a t  ,009 CFM. 

The rubber s topper  

1 2 b 2 1 2 8  
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Time f o r  the t e s t  was measured .from the time the  
f i r s t  b u d  of bubbles appeared above the f r i t t e d  p l a t e  
a f t e r  the air was turned on, until the  air was turned o f f .  

The reading of t he  pH of t h e  exposed e o l u t i o n  was 
made a f t e r  precaut ions  had been taken t o  f r e e  t h e  glass 
e lec t rodes  of adhering a i r  bubbles. 
served t o  remove these a i r  bubbles. 

Tapping the  e l e c t r o d e s  

In e a r l y  rws $here was some tendency during tb 
I n s e r t i o n  of $he rubber s topper  i n t o  the  t es t  chamber f o r  the 
slight build up i n  pressure  wl th in  the  chamber t o  f o r c e  the  
Ba(OH)2 s o l u t i o n  through the f r i t t e d  p l a t e .  
e l imina ted  by incorpora t ing  a vent  19 the exhaust a i r  l i n e  
which waa open during the I n s e r t i n g  of t he  s topper  but c losed 
off by a stopeock during the  t e s t .  

This was 

Re spec t f u l l y  s ubml t t ed, 

W 
Ti L. Wheeler 
Supervisor  

Date: December 8, 1943 
&Y& + 

Bentamin Fogfer 
Chemical Engineer 


