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TRANSPORT OF TRACE CONTAMINANTS THROUGH PQROUS MEDIA
SEMI-ANNUAL STATUS REPORT NO. 3
for the period from

16 March 1975 to 15 September 1975

Summary

Research accomplishments during the report period
include (1) the calibration of the gas chromatograph for
acetaldechyde and ethanol; (Z) the development of data
reduction and analysis methods; (3) the generation and
analysis of experimental data for the transport of 100 ppm
acetaldehyde through a cylindrical bea packed with acti-
vated carbon granules; (4) the generation and analysis of
experimental data for the transport of 100 ppm ethanol
through a cylindrical ted packed with activated carbor
granules; and (5) a comparison of the volume adsorption
capacity of activated carbon for 100 ppm concentrations of
acetaldehyde, ethanol, and acetone.

Activities in progress include (1) the generation and
analysis of experimental data on the transport of freon.-
113 (C2013F3) through activated carbon; (2) the generation
and analysis of additional experimental data on the
transport of ethanol through activated carbon; and (3) the

interpretation of dispersion as a Zunction of superficial




flow velocity for acetaldehyde and ethanol,

Planned activities include (1) the preparation of
papers for publication; (2) the generation of experi~
mental data on the adsorption isotherms of acetaldehyde,
ethanol, and freon-113 on activated carbon at 25°C; and
(3) the generation of experimental data on the transport

of methane through activated carbon.
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RESEARCH ACCOMPLISHILNTS DURING THE REPORT PERIOD

1. Calibration of the Gas Chromatoéraph for Acetaldehyde

and Ethanol.

Calibration data were generated to determine the
response of the gas chromatograph (G.C.)} system to con-
centrations of acetaldehyde and ethanol in the range
from 10 ppm to 100 ppm. We start with a tank of 100 ppm
of contaminant (e.g.,either acetaldehyde or ethanol) in
helium, We dilute this concentration with additional
helium in order to obtain desired contaminant concentra-
tions down to 10 ppm. The procedure for generating the
calibration data consists of three parts: (1) Mix the
contaminant mixture with pure helium and obtain a desired
contaminant concentration. (2) Determine the G.C. system
response for each concentration of contaminant. (3) Fit
the response curve obtained in step (2) with an analytic
function.

The flow system as given in Fig. 1 consists in part
of two flow controllers at the inlet of the system and
one valve at the outlet of the system. The two inlet flow
controllers (FCl and FC2) regulate the input of a maximum of
two gas flows to the system, The outlet valve V7 divides the flow
between the exhaust and the column sampling valve. The

procedure for mixing two gases is as follows. The contaminant
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gas, which consists of 100 ppm acetaldehyde (or ethanol)
in helium, is input to flow controller one (FCl1l); and
pure helium is input to flow controller two (FC2). A
flow of 100 cc/min is used as the standard total flow
consisting of the sum of the outputs from FCl and FC2,
The contaminant flow (FCl) and the helium flow

(FC2) are adjusted so that the ratio of contaminant flow
to the total flow equals the desired concentration ratio.

C
e e = T (1)

0

The right-hand member follows from the definition of
the transmission T, which is the ratio of outlet con-
centration from an adsorber bed to the inlet concentration.

The error associated with the flow mixture was deter-
mined by first measuring each flow separa*tely and adding
the two results together. This sum was then compared to
the combined or total flow which was measured also. For
each concentration of contaminant, the error is the deviation
of the measured total flow from the sum of the individual
flows. In the analysis, we used the maximum error obtained
for all concentrations of contaminant.

The maximum error in the flow mixture is 0.4 cc/min
for acetaldehyde and 0.8 c¢/min for ethanol, both out

of a total of 100 cc/min. These values correspond to mix

accuracies of 0.4% and 0.8%, respectively, and are slightly
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smaller than the (G.C. response error which is usually
less than 2%, as observed in short-term fluctuations in
the peak areas for a fixed concentration.

The G.C. response to each concentration of contaminant
is recorded in two ways: First, the signal pulse from
the G.C. detector is recorded in analog form on a strip
chart recorder. Greater concentrations of contaminant
produce larger peak heights on the strip chart. Second,
the signal pulse is integrated electronically to produce
a number proportional to the peak area in millivelt
seconds. This number is typed out on a teletype in
digital form. Either peak height or peak area may be
calibrated and used, but the area of the peak is easier
to handle since it is in numerical form.

The G.C. operating parameters to be optimized
for each gas include the type of column, the temperature
of the column, the column flew velocity, the temperature
of the helium ionization detector (HID) and the helium
flow through it, and the sampling rate,

For acetaldehyde, the column used was a two-foot
section of Chromosorb 102, 1/4 inch in diameter, with a
flow rate of 39 cc/min and a temperature of 140°C. The
HID was set at 195°% C with a discharge fiow of 79 cc/min.

The sample rate was one sample each 150 seconds. This
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period included 35 scconds with the adsorber effluent
flowing through the sample loop and 115 seconds with the
chromatograph carrier gas flowing through the loop.
With these operating :nditions, a retention time of
56 seconds was obtained.

For ethanol, we used a two foot section of
Chromosorb 101, 1/4 inch in diameter, at 200°C with a flow
velocity of 80 cc/min. The HID was set at 200°C with
a discharge flow of 110 cc/min. The sample rate was one
sample each 100 seconds with the sample flowing through
the loop for 25 seconds and the chromatograph carrier
gas flowing through the loop for 75 seconds. The retention
time was 14 seconds.

The calibration data for acetaldehyde are listed
in Table la and plotted in Fig. 2. The least squares
fit for a fourth order polynomial is given in the table
and is also plotted on the figure, The calibration data and
the fitted polynomial for ethanol are given in Table 1b

and plotted in Fig. 3.
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2. Development of Data Reductinn and Analysic Methods.

The oatput from the gas chromatogreph detector is
recorded in two ways as described in section 1 above
dealing with the calibration of the chromatograph. The
primary source of data used in analysis was the integrated
peak area taken from the teletype in punched paper tape
form. This tape was fed into the PDP-11 computer (1) in
the first of two stages of data reduction (in preparation
for theoretical analysis). -

The PDP-11 first extracts the peak area and time
data that correspond to the gas being studied. It
ignores the air weak, pressure pulse, and any noise
peaks which may be present in the raw data. Next it
adjusts the time data for proper zero or starting value
and normalizes the area. The normalized area is the ratio
of the area for a particular data point divided by the
area for the full flow of gas with no adsorption.
Finally the PDP-11 punches out a new tape with the corrected
time and normalized area and makes a teletype plot of the
same values.

Less than one percent of the peak areas appear anomalous.

These anomalous readings are attributed to line noise,

(i) Digital Equipment Corporation PDP 11/05 Time-Sharing
computer with 24K (16 bit) words of memory and 4
teletype terminals for simultaneous use.
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chromatographic drift, anud other spurious factors,
Under these conditions, an editing subroutine permits
using the peak height output from the strip chart
recorder, The peak height reading is measured manually
and converted to an equivalent area reading by using

a linear interpolation between the adjucent peak areas.
This equivalent area is fed manually ianto the PDP-11
and the process continues as before.

The tape output from the PDP-11 is fed into an
1BM-1130 computer for the second and final data reduction
step. 'The IBM-1130 computer punches the normalized
area results onto cards for use by the data analysis
program on the larger Burroughs-5500 computer. The
PIY-11 tape may be used also in making graphs of truns-
mission versus time on a Hewlett-Pakcard 9100A programmable
calculator and plotter. (A new plotter is being added
to the PDP-11 system).

The punched cards from the IBM-1130 are combined
with other manually punched cards which contain the
experimental run parameters such as flow, temperature,
bed size, calibration comstants, etc., and are put into
a Burroughs- 5500 computer for analysic and determination
of the theoretical parameters. This program converts

the normalized areu readings to transmission values by




chromatographic drift, and other spurious factors.
Under these conditions, an editing subroutine pearmits
using the peak height output from the strip chart
recorder. The peak height reading is measured manually
and converted to an equivalent area reading by using
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This equivalent area is fed manually into the PDP-11
and the process continues as before.

The tape output from the PDP-11 is fed into an
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a Burroughs- 5500 computer for analysis and determination
of the theoretical parameters. This program converts

the normalized area readings to transmission values by



applying the calibration equation (obtained as described
above in section 1) for th~ particular gas and uses
a least-squares fitting routine to determine the best
values of the parameters.-

Madey and Charles! have given the solution to

the following one-dimensional dispersion-model transport

equation
2
9°C aC aC _
Pz B - v =0 (2)
x -
with B = pk + £ (3)

where D (cmz/sec) = the longitudinal dispersion coefficient
C (ppm) = concentration or mole fraction of adsorbate

u (ecm/sec) = superficial flow velocity at bed
temperature and pressure

B = effective adsorptivity
p (g/cms) = adsorbent bulk density
f = adsorbent void fraction

k (cc/gm) 5(%%) . %-= slope of the linear adsorp-
P tion isotherm

L

volume adsorption capacity

o -~
I i}

the total pressure of contaminant plus carrier gas

1 R. Madey and J. Charles, The Transmission of Carbon
Dioxide through Molecular Sieve Adsorbers, in "Develop-
ments in Physical Adsorption', edited by L.M. Cenjar
and D. Camps, Chemical Engineering Progress Symposium
Series No. 96, 65, 11-25 (1969), American Institute of
Chemical Engineers, New York, New York.



The solution for the transmissisn T (EG/COJ at(al)ength £ is
<1 = exp(w /D) erfcs, +erfc 5,

with 1
3 B2 |k ut 5
2s, = (%—-t) [(""ut) : (Fﬁ) J )

We may further define the vropagation time tﬁ‘
and the dimensionless dispersivity D:

tp s Bl/u (6)

A= D/ulk (7)
Eqs. (4) and (5) can be used to describe the transmission
versus time curve when the adsorption isotherm is non-
linear in the approximation that the dispersion number
of the system is small compared with unity. Now the
solution can be rewritten in terms of these two parameters as
2T = exp (A”l) erfcs, + erfcs (8)
with 25, = (079 (tp/t)% + (t/tp)* (9)
Tae Burro:ghs 5500 program does & least-squares fit
to the parameters t

P
of B and D from tn’ 4, £, and u.

and A, and then calculates the value
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3. The Gencration and Analysis of Evperimental Data
for the Transport of 100 ppm Acetaidehyde thi~ugh
a Cylindrical Bed Packed with Activated Carbon
Granules,

The transport of 100 ppm acetaldehyde (CH;CHO)
in helium throughan adsorber bed, 10.0 cm long and 0.466
cm inside diameter packed with 0.688 grams of desorbed
"Columbia" twvpe 4 LXC 12/28 activated carbon (ii),
has been studied for volumetric flows of 1000, 500,
200, 100, 50,.20 and 10 standérd cubic centimeters (scc) per
minute at a bed temperature of 298°K '(25,0°€). Dividing
the volumetric flow at bed temperature and pressure by
the bed area results in a range of superficial flow veloci-
ties from 1.1 to 104 cm/sec. The running time for an
experiment then varied from 40 minutes to 41 hours. To
insure reproducibility of experimental results in the
longer runs, it was necessary to check the flow of gas
through the adsorber bed periodically during the rumn and
make adjustments to the flow controller as needed.

The parameters of best fit for the acetaldehyde
runs with the higher flow velocities (of 100 scc/min)
and above) are listed in Table 2. Complete consistency
of results within experimental error are seen for all

repeat Tuns.

(1i)} Union Carbide 12/28 mesh activated carbon.
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The parameter B is constant within experimental error,
The adsorption capacity K is constant also within
experimental error; however, K showsa systematic decrease
with decreasing flow, which comes about because the
pressure drop across the adsorber bed decreases as
the flow decreases. The pressure drop across the bed
varied from 9.3 cm Hg at 1000 scc/min to 0.9 cm Hg
at 100 scc/min,

The parameters A and D are also con;istent for re-
peated runs within errors for all the high flow runs
in Table 2; however, these parameters are functions of
the -superficial flow velocity.

Table 3 lists the parameters for the acetaldehyde
runs at the lower flow velocities of 50 scc/min and below.
Good agreement between the values of both B and K are
seen for repeat experiments. They are also constant
within error over this range of flow velocities, and K
does not exhibit the decreasing effect noticed in the
high-flow series because the pressure drop across the
bed at all low flow velocities is small.

BEx:.211lent agreement between the values of D and A
are also seen for repeat runs at 50 scc/min but not at
20 sce/min. The 20 sce/min runs were 20 hours long and

the results were subject to the accumulative effects of
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drift in the G.C., flow, and barometric pressure;
it is clear, however, that D does not vary much with
flow at the lower flow velocities. The average values
at 50, 20, and 10 scc/min are 0.04, 0.07, and 0.08 cmZ/sec,
and are constant within the variation noted in the
repeat runs at 20 scc/min.
Figure 4 is a plot of one experimental data set
with theoretical curves at each of the flow velocities

studied.
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4. The Generation and Analysis of Experimental Data
for the Transport of 100 ppm Ethanol through a
CyIlindrical Bed Packed with Activated Carbon
Granules.

The transport of 100 ppm ethanol (CZHSOH) in helium
through an adsorber bed,10.0 cm long and 0.453 cm inside
diameter packed with 0.590 grams "Columbia" 4LXC 12/28
activated carbon,has been studied for volumetric flows
of 1000, 500, 200 and 100 scc/min at a bed témperature of
298°K (25.0°C). The corresponding range_of superficial
flow velocities ranged from 110.7 to 11.5 cm/sec at bed
temperature and pressure with experiment running times
from about 2 hours to 12 hours. The times for ethanol
were about 3 times as long as acetaldehyde for similar
flow velocities because ethanol has a greater adsorptivity.

The parameters of best fit for the ethanol runs are
listed in Table 4. All parameters are consistent within
experimental error for repested runs.

For ethanol,”B and K are nearly constant as the
flow varies. The slight decrease in B and X with decreas-
ing flow is due to the bed pressure drop effect in a
manner similar to that observed with acetaldehyde.

The parameters D and A vary over about two orders

of magnitude as the flow changes by one order of magnitude.

Figure 5 is a plot of one experimental data set
with theoretical curves at each of the flow velocities

studied for ethanol.
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5. A Comparison of the Volume Adsorption Capacity of
Activated Carbon for 100 ppm Acetaldehyde, gthanol,
and Acetone.

We compare the volume adsorption capacity (reduced
to STP) of activated carbon at 25°C for acetaldehyde,
ethanol, and acetone (iii)at 100 ppm concentrations in
helium at a total pressure P of one atmosphere. The
volume adsorption capacity K is calculated from the slope

of the adsorption isotherm:
~ 3K
= o f3),

Here C, is the inlet concentration of the contaminant gas.

(10)

Eq. (10) is exact for a linear isotherm and approximate
for a non-linear isotherm.

The values of K are determined from runs at the
lower flow rates where thu pressure drop across the bed
is small znd the total pressure P is constant. The
results are given in Table 5. Acetone has the largest

adsorption capacity and acetaldehyde the 1least.

(iii)Acetone results are described in the Semi-Annual
Status Report No. 2 {March 15, 1975}, KSUPP-TR-74-1
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ACTIVITIES IN PROGRESS AND PLANNED

Activities in progress include the following:

1. The Generation and Analysis of Experimental Data on
+ the Transport of Freon-113 through Activated Carbon.

The study of freon-113 will include the calibration
of the chromatograph for freon-113, the selection of
optimum column conditions, the analysis of the time-
dependent transmission data, and the determination of
the volume adsorption capacity of freon-113,

2. The Generation and Analysis of Additional Experimental

Data on the Transport of Ethanol through Activated
Carbon.

Additional data for ethanol are being generated in
the region of lower flow velocities to determine the
behavior of rhe dispersion parameters at superficial
flow velocities less than 50 cm/sec.

3. The Interpretation of Dispersion as a Function of
Superficial Flow Velocity for Acetaldehyde and Ethanol.

The results of the experiments with acetaldehyde

and ethanol are being correleted with known mathematical

models of dispersion as a function of flow velocity.

Planned activities include the following:

1. Preparation of Papers for Publication.

We have generated a great deal of data which is
currently in various stages of analysis. During the
forthcoming year, we plan to continue work in progress

*

leading to publications on the following topics:
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(1) The Adsorption Isotherm of Acetone oa Activated
Carbon at 259C,

(2) The Volume Adsorption Capacity of Activated Carbon
at 259C for 100 ppm Concentrations of Acetaldehyde,

Ethanol, Acetone, and Freon-113.

(3) The Dispersion Model Interpretation of the Flow

Velocity Dependence of the Transport of Acetaldehyde

and Ethanol through Activated Carbon.

2. The Generation of Experimental Data on the Adsorption

- Tsotherms of Acetaldehyde, Ethanol, and Freon-113
on Activated Carbon at 25YC,

Experiments are planned that will determine the
volume adsorption capacity of carbon for concentrations
of acetaldehyde, ethanol, and freon-113 which are less
than 100 ppm. The adsorption capacity will be fitted
as a function of concentration to produce the isotherms.

3. The Generation of Experimental Data on the Transport

of Methane through Activated Carbon,

The study of methane will include the calibration
of the chromatograph for methane, the selection of
optimum detector operating configuration, the analysis
of the time—dependent transmission data, and the inter-

pretation of the results.

17
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Fig 2. Calibration plot of mixture fraction vs. peak area

response fraction of the gas chromatograph for 100 ppm
acetaldehyde.
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Mixture Fraction, CHCO
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Fig 3. Calibration plot of mixture fraction vs peak areu
response fraction of the pgas chromatograph for 100 ppm
ethanol.
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ograph response for

Table 1

as chroma-

Calibration mixture fraction and relative
t h f 100 Tdehyde and 100 ppm

ppm aceta

ethanol.

a. Acetaldehyde b. Ethanol
Response Area Mixture Response Area Mixture
Fraction, Xx Fraction,y Fraction, x Fraction, ¥y
1.000 1.000 1.000 1.000
0.932 0.889 0.914 0.903
0.839 0.786 0.790 0.798
9. 737 0.683 0.707 0.702
0.636 0.595 0.591 0.600
0.54" 0.499 0.483 0.499
0.463 0.418 0.376 0.397
0.354 0.301 0.278 0.303
0.255 0.193 0.179 0.196
0.143 0.094 0.086 0.099
y = Clx + szz + C3x3 + C4x4 y = Clx + szz + C_‘x3 + C4x4
C, = 0.2541 C, = 1.1664
C, = 2.9361 C, =-0.3460
C3 =-4,2667 C3 = 0.1181
Cq = 2.0655 Cq = 0.0594
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Table 5

The volume adsorption capacity of "Columbia"
4LXC 12/28 activated carbon at 25.0°C for

100 ppm concentrations of acetaldechyde, ethanol,
and acetone in helium at a total pressure of
cne atmosphere.

Volume Adsorp-

. Concentration tion Capacity
Contaminant gas (ppm) (K £ 6K)
(scc/g)
Acetaldehyde 100 3.02 0.3
Ethanol 100 10.3 £ 0.5
Acetone 105 20.2 *+ 0.4
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