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. ABSTRACT N

Adsorption experiments with GA-agent on actlvated carbon were completed
at 30 and 45°C in the 2-500 mivrogram per liter concentration range.
The data were expressed in the form of Langmuir type adsorption iso-
therms. The adsorption of GA-agent on activated carbon i1s less than
monomolecular. The effect of water vapor on the adsorbed quantities

of GA-agent was found to be negligible up to a 85% relative humidity,

a slight reduction of adsorptive capacity cf -5-25% occurs at humidities
exceeding 854 relative humidity. The desorption rate of adsorbed agent
was extremely low. : ;

A simplified method was developed to correlate the experimental daté on
capillary penetration and retentive capacity of llqulds in sorbent beds.
A correlation between the sorption rate and capaclty was developed.
Measuremenis of the sorption of GF-agent and GB-agents are being
conducted.
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I. INTRODUCTION AND SUMMARY

A. ADSORPTION FROM THE VAPOR PHASE

Experimental work to define the adsorption isotherm at 30°C for GA-.
agent on activated carbon was completed. Even at GA=agent concentrations
as low as 2 gamma per liter adsorption capacities of the order of one-
half gram of GA-agent per gram of carbon were observed. Only a slight
trend in adsorption capacilty was found over the GA-agent copncentration
range studied (2-500 gamma per liter). The average value r adsorption
capacity was 571 mg per gram of carbon. - -
The same, almost insignificant trend characterized the isotherm datg

at 45°C. The average ardsorption value at this temperature was 517 mg

of GA-agent per gram of carbon, .

Water vapor from a humid carrier sas was co-adsorbed with GA-agent on
the activated carbon only very s .ghtly. At the 85% water saturation
level about 5% of the adsorption capacity of the zarbon wase taken up
by the water, ‘

Desorpticn of GA from a saturated carbon adsorbent by a dry nitrogen
stream proceeded very slowly. Under the usual experimental;conditiqna
of this work the desorptiocn rate was one-half milligram per hour.

B. LIQUID SORPTION

In sorption of liqulds on sorbents, a new correction factor was obtained
in correlating experimental data on capillary penetration and retantive
capacity. This factor was a function of porosity only and tan be used
directly iin the correlation equations. The introduction of this
correction factor will simplify the calculation considerably.

A correlation was established between the caplllary penetration and
retentive capacity. The amount of 1liquld retalned by the porous be
as a function of contact time can be estimated from the experimenta
data from these two studies,

II. ADSORPTION OF GA~AGENT FROM VAPOR PHASE

A. THE 30°C ADSORPTION ISOTHERM

The data reported in the last progresa report (ref. 1) on adsorption
of GA-agent on Pittsburgh Chemical Ccmpany activated carbon (30 x 40
mesh, Type BPL) at 30°C have been extended to both lower and higher

GA=agent concentrations. The same experimental methcd described in

that report was used in this recent work. The results from the new

30°C isotherm runs and three runs at 45°C are listed in Table’l,

1
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Table 1
ADSORPTION OF QGA-AGENT ON ACTIVATED CARBON-ISOTHERM DATA

Carbon: Pittsburgh Chemical Company, Type BPL -30 + 40 Mesh
Bed Sige: 200 mg, 5.95 mm diameter

Ads

Volume GA GA e, Breal.~ Cap.

n:: Rate, sw::or 61 Conec, Flow Rate, Carrt ;c‘uorption ;};rough Cal
liters uraticn, L rrier mperature me,

Run Nc. hr % ﬁier g Gas °C_ ’ min, l'l‘
206 154 38.9 05 4.9 air 30 ga 1
221 12# 38.9 67 “1.3 alr 30 5.3 !
304 160 0 121 19. Na 30 265 !
305 160 ¢ 59. 3-58 Ng 20 569 !
310 15~ 0 550 05 “. 30 -

306 137 0 9.6 1.2 Ng 30 38.0

31N 135 0 2.07 0.27 Ng 30 9.5 days
413 159 0 260 51.3 N, 45 131

815 122 0 234 8.1 Na 45 120 )
317 14 0 29.5% 4,3 Ng 45 “-




CARBON-ISOTHERM DATA
Type BPL -30 + 40 Mesh

Adsorption Adsorption

Breal- Capacity Capacity
::.orption ;hrough Calculateq, by Wt.
mperature, ime, GA GA
‘. " mn,' g0 —&£C
20 520 --
30 gg.) 591 .-
30 265 511 625
30 569 517 550
30 -- -- 525
)o 38.0 - - ?50
30 9.5 days - 475
45 131 .- 525
45 120 460 525

45 .- -- 500




Although no difference 1in adsorption capacity has been detected
whether air or nitrogen 18 used as the carrier gas, niltrogen has

beer. used for most of thls 1sotherm work so that the isotherms could
be defined free from possible oxidation effects. 1In the low GA-agent
concentration iruns that require a long period of time, effect of
oxidatior. might be appreclable. 1In all such runs nitrogen has been
used.

Because . 'y nitrogen {no water humidification) was used as the carrier
gas for | ese lsotherm runs, 1t was possible to determine the equill-
brium adsorption capacity of Lhe activated carbon for GA-agent by
weighing the carbon before and after the adsorption. Where a success-
ful concentration versne time -urve was recorded by the flame ionization
detector, iv was possivle to check the value of the adscrption capacity
calculated {rom the concentration curve against that obtalned gravi-
metrically. The check was only falr " ut was within the expected pre-
cision for these data (see Table 1). The calculated adscrption capacity
values were lower in each case than those cbtalned by weight. The
reason for this 18 now kncwn,

The GA-agenrt concentrations used in this experimental work ranged from
a high 467 gamma per liter to a low of 2.07 gamma per liter. This low
concentration run required 9.5 days for break-through of the agent
through the 200-mg bed used.

To completely deflne the adsorption isotherm of GA-agent on this
activated carbon would require experimenting at concentrations belqr

2 micrograms per liter, This would nét only be difficult and time-
consuming but alsn would be more of academic interest than of practical
use. The important fact is that this Pittsburgh Chemical Company Type
BPL activated carbon has been shown to have high absorptivity for GA-
agent over the very wide concentratlons range of this study. This means
that the protection afforded by this carbon from GA-agent contamindtion
is good from saturated conditions down to concentrations as low as 2
micrograms per liter.

Run number 304 of Table 1 has been reported previously but is 1ncluded
here because the adsorption capacity was determined gravimetrically as
well as by concentration-time curve. The adsorption capaclties obtained
by welighing should certainly be the more accurate of the two sets
values. And, since only a minute trend of adsorption capacity with
GA-agent concentration was observed, the best value for the GA-agent
capacity of activated carbon 1is conaidered to be the average of all

the capacities determined by weighing. This value 1is 571 mg of GA-
agent per gram of carbon. v

The onlx exception to the above averaging treatment was the exclusion
ol the 475 mg/gram value ot the 2.07 gamma per liter run. This adsorp-
tion capacity value was lower than all others (high 625, low 525) and it
was felt that this may be a significant difference because of the low
GA-agent concentration.

3
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The data of the measuremernits presented in Table 1 were evaluated
according to a Langmuir tyre 1sotherm. The Langmuir isotherm can be
given as

p/po - L 4 RP/Po (1)
v cvm Vm
where, p 18 the partial pressure of the agent

Po 18 the vapor pressure of the agent

v 18 the adsorbed volume of agent

Vm 18 the volume of a moncmolecular layer
¢ 18 a constant

Also, 1;Lo - _8_3

and Co = 857.4 pg/l

and v = a/d .

where a 1s the adsorbed weight, g agent per g adsorbent

d 1s the agent density (1.07).

|
In Table 1 the concentration (C) is expressed in micrograms per liter
and the adsorbed weight (a) in grams of agent per gram of carbon.
From the experimental points:

€997 + L7iic (2)
or
Cc
R T 4 (3)

Bquation (2) can be given as

C/Co . c
% L%.?Z.‘. 1.74465

9974
Eébe - Z_ggl_ + 1.744d (p/po)

BLPo = 4 988 x 1072 + 1.866 p/po (4)
Comparing equation (1) and (4)

or

vl_ = 1,866 and v, = 0.536 cc/g
m
and 1

C = Vm x 4.988 x 107® = 374

n
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The experimental data are shown in Figure 1 as a reduced Langmuir
isotherm, plotted as ¢/a versus C. The straight line corresponds
to equation (2).

Equation (3) can also be expressed in the usual form of a Langmuir

isotherm:
0.2502_x_10°[aA
% = T +0.5%63 x 10s[0 (5)

where ag 18 the adsorbed quantity in g/g
[GA] is the concentration in g/ml

or changing to g/ml units by multiplying by the bulk density of the
adsorbent (0.368 g/ml):

9.207 x 107 [GA]
& T 1+ 4,363 x 108[GA] (6)

where Ay and [GA] are expressed in g/ml.

B. 45°C ADSORPTION ISOTHERM DATA

Three runs were made with the adsorption temperature set at 45°C to
see how the adsorption capacities of GA-agent on activated carbon
at this temperature compared with those obtained at 30°C.

These values are also included in Table 1. The two high-concentration
runs (234 and 260 gamma per liter) resulted in adsorption capacities *
of 525 mg/g in each case, while the 29.5 gamma per liter run resulted
in a value of 500 mg/g. This is a very small difference and just as
at 30°C, the shape of the adsorption isotherm is flat over the concen-
*ration range studied. That 1s, there is no significar.t change in
adsorption capacity with changing GA-agent coricentration.

The average value of the adsorption capacity of GA-agent on activated
carbon at 45°C is 517 mg/g. Comparing this with the 571 mg/g value
at 30°C, the dr0£ in adsorption capaclity for the 15°C temperature rise
was 9.5% or G.634% per °C.

The data points determined at 45°C are also included in Figure 1, The
equation of the resulting adsorption isotherm

2 = 3.179 + 1.892C (7)

Although 1t was already mentlioned that the temperature range investi-
gated was very narrow and the precision of the data was limited, an
attempt was made to calculate the ilsoteric heat of adsorption. From

equation (2) and (7) at a value of ag = 0.5, on the flat portion of
the isotherm:

5
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Figure 1. Reduced Langmuir plot of GA-
agent adsorption.
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Czp°c = 15.61 ug/l Cygec = 29.44 g/l

Fadgk 1.986 x 318 x 30 29. 44
q =TT 1oge§:‘a_28_3r§_}3_03_§_12x2_303 1081_2_‘_6_1_'

8.095 cal/mole - (8)

and

For comparison the heat of vaporization of GA-agent calculated from
the vapor pressure data is 13.100 cal/mole. The magnitude of these
numbers indicates only the purely physical nature of the adsorption
process, ;
The drop in adsorption capacity as the adsorption temperature was
raised agrees with theory and experience. The flat isotherm confirms
our experience at 30°C. No further isotherm work i1s proposed for the
immediate future,

C. CHARACTER OF ADSORPTION

In our previous report it was assumed, that the pore volume of the
adsorbent, given by the manufacturer as 0.8 cc/g carbon, was filled
with condensed QA-agent. If the pores are entirely filled, the ad-
sorption capacity will be ag = 0.8 x 1,07 = 0.856 g agent/g carbon
where 1.07 18 the density of GA-agent.

Assuming now that the packing of the molecules on the adsorbent surface
approximates that of the liquid agent, the area covered by a single

molecule 1is: M 2/3 |
ap =4 x 0.866 \ 475 N qp, (9),

M = molecular weight
N = Avogadro's number
dy, = density of the liquid

l where
Substituting into equation (7) gives

ap, = 4 x 0.866 (‘r—x T:]n i X Glégé; X 1&! X I‘EF?) -

The total surface area of the adsorbent 1s given as 1050-1150 m’/g, or
an average of 1100 m®/g. The required agent weight is:

7
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8
Wom 11 x 10

= 162.1 = 0.681
aa 4.347 x 10735 x 6.023 x 1023 x e/

Finally, from the Langmuir isotherm given by equation (4):
Vm = 0.536 ml/g and ag = 0.536 x 1.07 = 0.573 g/g

The three values are:

0.856 g/g fer total filling of pores

0.681 g/g for monomolecular coverage of surface area deter-
mined and accessible for Nz adsorption

0.573 g/g for monomolecular coverage by GA-agent.

(-]
This means that the pores of an average diameter of 20A are not fillled
entirely by liquid agent, and they cannot accomodate even a complete
monomolecular layer of GA-agent on thelr entire surfgce., Assuming
that the previously calculated surface area of 43.47A® covered by one
liquid molegcule 13 circular, the average length of a molecule 1is
about 7.4 A. This corresponds roughly to the molecular dimensions of
the CA-agent molecule, which, depending on rotation around the bonds
and on ‘“e angle of view, vary between 4 and 1OA. - .
A model ot the GA-agent molecule was made using a Fisher, Hirochfelder
and Taylor atcm model kit. Two scale drawings of the model are shown
in Figure 2, 1hese are plan views loocking down on the model as it
might be attached to the carbon surface. The drawings were made from
photographs of the model.

In Figure 2(a) the molecule is shown fully extended to illustrate its
parts and to depict the maximum area that would be taken up on

the adsorbent surface. It 1s assumed that the hydrocarbon part of the
molecule would be attached to the hydrophobic or nonpolar carbon
surface. Therefore, in both cases 1llustrated, the hydrocarbon grouph
are shown on the bottom of these plan views. In Figure 2(b) the hydro-
carbon groups have been drawn up in close association with each other
since a mutual attracticn may exist. This case also serves to illus-
trate the amallest area demrand on the adsorbent., The,areas occupied
by these molecular configuretions were S4.8 and 41.5 A2, respectively.
This information supports the foregoing calculations &and conclusions
zn Eonggolecular coverage since the idealized molecular area was

3.47 A=,

8
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Filgure 2a. MNodel of JA-Agent Molecule.-
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Maximum area.
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. Figure 2b, -Model of (QA-Agent Mclccule.
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Minimum Area.

O 0 © 6 ¢



D. THE EFFECT OF WATER HUMIDITY

When the adsorption of HCN on activated carbon was being studied,
at the onset of this project 1t was 1lnadvertently observed that the
water vapor added to the alr carrier stream had a very significant
effect on the extent of the HCN adsorption. The water and HCN
molecules were 1in fact competing for the adsorption sites on the
carbon. If water was added, HCN was desorbed and vice versza,

With GA~agent and water vapor the competiticn for adeorption on

the carbon is very much 1ln favor of the GA-agent, so much so that
the adsorption-desorption phenomena described for the HCN-water
system was never observed with GA-agent and water vapor until the
whole flow system had been specially cleaned to enable us to observe
thils very small effect,

Apparently, even with heated and insulated glass lines, a gradual build-
up of GA-agent occurs within the flow system. This results sluggish
detection of GA-agent concentration changes and error in calculating

the adsorption capacity from the concentration versus time record.
Because of this effect, some adsorption capacitles wer . reported in
Tables 1 and 2 on a weight basis only; the concentration- time

curve was not entirely reliable.

To assure a completely clean system, the flow lines were washed out with
acetone and dried overnight with dry nitrogen. Immediately after this
procedure run number 430 was made and for the first time, the effect

of adding and removing water vapor from the flow stream could he
followed by concentration changes recorded by the flame detector.

A dlagram of the recorder output of this run, approximateiy to scale,
is given as Figure 3. The pertinent data from this run together wit}
all the "water vapor effect" runs are shown in Table 2,

In run 430 the water saturation was 85.5% and the GA-agent concentration
was 251 nilcrograms/liter. In step 1 the normal adsorption under these
coriditiors took place; 119 mg of GA-agent was adsorbed by the 200

mg bed cof -30 + 40 mesh carbon. 1In step 2 the water vapor was eliminated
and an additional 6.29 mg of GA-agent was adsorbed on the carbon. In
step 3 the original water vapcr concentration was re-established in

the flow stream, Here, 2.43 mg of GA-agent was removed from the bed.

The additonal GA-agent adsorption caused by removing the water vapor
was 5.28% of the original adsorbed or 31.5 mg/gram. However, only
38.7% of the added GA-agent was removed by once again saturating the
carrier gas with water vapor to the 85,5% level.

10
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Table 2
ADBORPTION OF GA-AGENT ON ACTIVATED CARBON - EPPECT OF WATER VAPOR

Carbon: Pittsburgh Chewiocal Co., Type BPL -30 + 40 Nesh
Bed 3ige: 200 mg, 5.95 mm diameter

aA GA Veight Break

Vater Volume Concentration Flow Rate Adsorption throu
Saturation PFlow Rate ) ? Carrier Temperature Time

). W g 15t r “Eor r Gas °c min

Mob 0 112 816 6.6 air 30 126
AT -1 (o] 110 3 L ¥4 g air 30 -
MOT-2 5.2 114 %63 52. air 30 --
Al0 1.0 135 200 2T7.0 air 30 195
1 70) .T 110 17 57.0 air 30 --
‘012 68.7 110 30 NT.0 air 30 112
3 85.% 138 123 17.1 Ne 20 70
85%.5 116 251 29.1 Np 30 228
30.% Np 30 187

TT

'Moorption Capacit) dy Nt includes any co-absorbed water

0 NOUTHONNOD HOUVIEIN OLNVYENON ¢
&8s
g
g
3




Table 2
ON ACTIVATED CARBON - EFPECT OF WATER VAPOR

haiocal Co., Type BPL -30 + 40 Mesh
5 s diameter

Adsorption
GA Veight Break- Capacity
Flow Rate Adsorption through Calculated
? Carrier Tempersture Time GA
r Gas °C sin £C
8.6 air 30 126 617
~7 oa .ir }0 - - -
&o .1!‘ 30 - - --
27.0 air 30 195 630
57 oo .ir }O - -
AT7.0 air 30 112 358
17.1 Ng 20 370 75
29.1 Ng 30 228 95
30.%4 Ng 30 187

rbed water

Adsorptiun
Capacity
by Wt

mg GA
L

550
625
650
600
625
625
525

too wet




(A4

GA-Agent Concentration

1. Water Saturation = 85.5%

251 gamma/liter

L (1) 119 mg GA

2. Water 3 .Wrter
ore On

-~ (2) €

— Base Line

0 288 min

Figure 3. Effect of Wateir Vapor on GA Adsorption,

Run No. GA 0430




% 2. Water 3 . Wrter
orfe On

251 gamma/
liter

- (2) 6.29 mg

Base Line (0O gamma/liter)
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on GA Adsorption, Run No. GA 0430




Two explanations for the diacrepancy in adsorbed and desorbed
amounts may be:

(1) A hysteresis effect, or, more likely,

¢2) The complete desorption is a very slow process. The rate
of desorption slows down to below the detectable limit
and only the fast initial phase was recorded.

While the effect of the water vapor was slight at this 85.5% satura-
tion level, it could not be detected at lower levels, as expected,
For example, in run number U407-1 after the initial abscorption was
completed with no water vapor in the flow stream, the adsorption
bed was welghed. The bed was then allowed to equilibrate with the

"samg GA-agent concentration as before but with a water saturation of

51%. The bed was reweighed and no welght change was observed, While
no desorption of GA-agent from the bed by the water was recorded,, this
doubtjless occurred even if only very slightly. The loss in weight

due to loss of GA-agent would be made up roughly by the addition of
water to the bed.

In run number A23 an attempt was made to establish a water vapor
saturation at the adsorber conditions in the vicinity of 95%. The
concentration versus time curve indicated a normal run. Howevenr,
when the carbon was removed for weighing after the adsorption, it
was found to be wet with water indicating that the adsorption had
prooeeded close to or at the 100% saturation level., The calculated
adsorption capacity was 420 mg/g, a significantly lower-than-average
figure.

It can be concluded that the effect of water vapor in the gas mixture
flowing through an adsorber bed is to reduce the amount of GA-agent
adsorbed on the activated carbon. The effect 1s negligible at a
water saturation of 50%. At B5% saturation, the adlsorption capacity
of the bed 1s reduced by 5%. At 100% saturation it may be as high

as 25% but this latter figure is speculative, based on only one run.

E. DESORPTION BY DRY NITROGEN

After the water desorption studies of run 43C were complete (see
Figure 2) and the carbon bed was re-established in equilibrium with
the water vapor - GA-agent - nitrogen mixture, the water vapor and
the GA-agent were both cut off, leaving the bed to be slowly desorbed
over a weekend by the dry nitrogen stream.

As might be medicted from the adsorption isotherm data, the desorption
rate was very slow. After 65 hours of desorption only 34 mg of GA-
agent was removed, or 0.523 mg/hour.

13
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This n.ans that GA-agent leakage from a protective adsorbent
layer under field conditions would be very slight even under the
influence of a strong wind. Regeneration of a filtering system
contaminated with GA-agent would be a tedicus procedure, however,
The use of heat and lowered pressure could speed up the process,.

F. BREAKTHROUGH CURVES

A method of predicting breakthrough capacity and shape of breakthrough
curves was outlined in our previous report, Since all our experi-
mental work was carried out on GA-agent of very low volatlility and
therefore on small adsorber bheds, the preclsion of data 1is limited

and does not permit the development of a more exact predicting
method,

A contlnuation of the research with GB-agent will ylield more precise
measurements and eliminate any uncertainties connected with the
random packing of the presently used small heds. Based on these
results the data of our preliminary calculations and estimating
methods will be confirmed and extended towards beds where the mass
transfer zone 1is shorter than the length of the total bed of adsorbent
(for thin adsorbent layers used in protective clothing).

L}

i III. LIQUID PHASE TORPTICON

A. CAPILLARY PENETRATION

In the study of horizontal capillary Penetration, a "friction-factor
factor" and a "Reynolds number factor" were previously introduced

in correlating the experimental data (refs. 1 and 2), These factors
are avallablc in the literature (ref. 3) as a function of porosity
and sphericity. The porosity of the bed can be calculated from the
volume of the bed, the welght of the so0lld, and the particle density
of the solid. But the sphericity of the particle can only be
estimated from published data (ref. 3). To simplify the calculation
- procedure and to better represent the data, a& new correction factor

has been established based on the experimental data from more than
60 runs. This factor 1s defined as:

X
correction factor = 71 _x)% (10)

i where X = interstitial porosity, %

14
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It 1s a function of porosity cnly and can be used directly in the
correlation equations.

Introducing this correction factor, the relationship of experimental
variables has the following form:

b
DE vy, cos 8 gcp X . rg o -
—_— 11

L u® (1-X)° tu

The notation was givan in previous reports (refs. 1 and 2).

Table 3 lists the constants a and b in Bguation (1l1) for five different
solids. Of these five, activatod carbon, molecular sieve, and silica
were studied belfore, and only the a& and b constants for these have

heen changed according to the new correlation. Silica gel and glass
beads are the materials studied during thir period. Glass beads are
used for the penetration study because they have a definite spherical
shape and can be cleaned easily. They are included here to check the
validity of the correlation. The zero-degree contact angle lines for
the five solids studied are presented in Figure 4.

B. RETENTIVE CAPACITY

More data were obtained on the retentive capacity of solld sorbents.
In correlating the experimental data, the same correction factor,
X/(1-X)#, used in the penetration study was applied. The experimental
variables have the following relationship for gravity draining:

v S peX
|l g | 208 > (12)
VpX vy, cos @ (1-X)

The notation was given in the previous report (ref. 2).

The retentive capacities for activated carbon, silica gel, molecular
sleve, and silica are presented in Table 4 and in Figure 5. It can be
seen that activated carbon has the highest retentive capaclty among

the four materials ztudied. This was expected since it has the highest
oore volume per unit weight of material (0.8 cc/b). 8Silica gel and
molecular sieve have about the same retentive capacity. The pore volume
>f silica gel ranged from 0.39 to 0.45 cc/g, while that of molecular
sleve i® calculated to be 0.22 cc/g. Silica is a nonporous material.
[tas retentive capacity is expected to be the lowest. It 18 interesting
to note that the retention number for activated carbon-water warm higher
than 1,00. This indicated that water penetraced into the micrspores

>f the activated carbon particles even though water does not wet
ictivated carbon completely (contact angle = 66°, ref, 2).
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Table 3

INTERCEPTS AND SLOPE CONSTANTS

Horizontal Capillary Fenetration Through Porous Beds of
Random-Packed Particles. ’

’ Particle Size Porosity
Solid Mesh a b
Activated (-40 + 50) to (-180 + 200) 34.0-4%5.6 4.7 x 10° 0.61
Carbon
Silica Gel (-80 + 100) to {-~100 + 200) 31.,0-41,5 2.8 x 108 0.59
Molecular Sieve | -40 + 60 52.8-57.% 7.5 x 10° 0.55
Silica (-40 + 60) to (-140 + 180) 34.5-47.9 1,3 x 106 0.51
Glass Beads -60 + 100 29.5-34,7 8.8 x 10° 0.56
(acid cleaned)
Dp* vy, €08 0 gc p X Dp? o
L u? (1-%x)2 -2 tu
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"pgX
Capillary Number = ;Egga;—a-rr:!T'i

vy
Retention Number = ;ﬂ- |
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Particle Size Porosity Capilla
Liguid mesh Numbe
Bengene -40 + 50 o.2 4.32 x
n -40 + 50 41.2 4.65 x

" -40 + 50 40. 4.4 x

" -80 + 100 29.8 8.60 x

" -140 + 180 - 41.5 2.02 x
Acetone -80 + 100 41.1. 1,02 x
n -200 + 300 37.9 1021 X
Water -80 + 100 ;g.Q 1.21 x
" ‘200 + 300 |9 1.30 X
Bensene =40 + 50 2%.0 8.10 x
" ~100 4+ 200 .2 5.90 x

" «20 + 40 5T. 3.84 x
Benzene =40 + 60 39.0 . 3,48 x
" =200 + 300 51.0 2.44 x

" | -200 + 300 48.3 2.05 x
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C. CORRELAT™ICW OF CAPILLARY PENETRATION AND RETENTIVE CAPACITY

In the wpillary penetration experiment, the depth of penetraticn of
the 14 ;uid intoc the porous bed is meacvured as a function of time, If
the solid *s a nonporous material, sucn as silica and glass beads,
the emou..c cf materia! penetrating into the bed will be proportional
to the depth of peneiration for a given -orosity. However, this will
not be true if the sol' ! .tself is a nccous material because the
liqui will go into tne mizrorcies wiiihin particles as well as into
the interstitial voida between nasrticles. Since all practical sorbents,
such as activated carnr sil’ gel and molecular sieve, are porous
solids, “he actusl arou.t of . uld atanrbed by the bed at a given
time oal 10t e measured by t.e Ceprh of penetration alone., It also
depends on tre micropore volume and the characteristics of the bed.

To est”.ate the actual amount of liquid that can be removed by the
bed (t.uat is, be retained by the bed) at a given time, the data on
oupillary priaetration were correlated with those on retentive capacity.

The retan*:.ve caracity of a srlid is measured by the volume of liquid
»etained. Vi, per unit volume »f interstitial vold, VBX. Noting that
the volu.e of the bed, VB, is equal to the lengyh of the bed, L, times
the cross-sectional area, A, equation (12) can be expressed as:

v v 2 gx n
["’?ﬂ] - [Iﬁ] = m YLD;;“ ) (l-xA)", (13)

-

where m ané n are constants for a given sorbent.

Ir the progess of capillary penetration, the depth of penetration at a
given time is the length of the sorbent bed at that time. Eliminating
the variable L from equations (1l1) and (13), the volume of liquid that
ocan be-removed by the bed can be related to t‘f‘contact time, t:

-
mgcnplnh phti g“ xn+2 ] . Dp? o b (14)
Tt (v coe o)"* (l-x)”‘“_l t

[ ]
where Vp, = “A = volume of 1liquid retained per unit exposed area.

The depth of penetrgtion, L, and the volume of liquid retained per

unit exposed area, , for four different sclids are given in Table 5

a8 & function of time. The depth of penetration versus time is shown

in Figure 6, and the volume of 1liquid retained versus timeis shown in
Figure 7. These figures show that silica gave the highest rate of
penetration for benzene but the volume of benzene retained by the bed was
much lower than that retained by activated carbon and silica gel.

20
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Table b

DEPTH OF CAPILLARY PENETRATION OF BENZENE AND THE

VOLUME RETAINED BY RANDOM-PACKED POROUS BEDS

L = Depth of capillary penetration

VL = Volume of liquid retained per unit exposed area

Temperature = 25°C
Porosity = 40%

Particle Size = -4C457 mesh

21
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Activated Silica Molecular

Carbon Gel ieye Silica

Time L v L v L VL L Vv
gsec cm cc?cm2 cm ce/omR cm ce/em? cm cc&cma
1 0.56 0.31 0.91 0.36 0,32 0.13 1.68 0,23
2 0°8E 0.48 1.34 0.54 0.48 0.19 2.38 0.33
3 1.0 0.60 1.73 0.69 0.58 0.23 2.88 0.40
i 1.27 0.70 2.02 0.81 0.68 0.27 3,34 0.47
5 1.46 0.81 2.32 0.93 0.77 0.30 3,74 0.52
6 1.64 0.91 2.57 1.03 0.86 0.34 4,06 0.57
g 1.79 0.99 2.80 1.12 0.93 0.36 4 .38 0.62
_ 1.94 1.07 3,02 1.21 1.00 0.39 4,75 0.66
9 2.11 1,16 3,22 1.29 1.06 0.42 5.00 0.70
10 2.21 1.22 3,39 1.36 1.10 0.432 5.28 0.74
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Volume of Liquid Retained, cc liquid/cm® area
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Figure 7, Volume of Benzene Retained by Random-Packed

Porous Beds As a Function of Contact Time,
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Judging from the results obtained, silica gel seems to remove benzene
most rapidly but activated carbon has the highest retentive capacity.

D,

MEASUREMENTS ON CHEMICAL WARFARE AGENTS

Actual measurements on liquid phase sorption of chemical warfare agents
are being made. The results will te presented in the next progress
report.
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