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This study includes the adsorption of H2S on oil shale
that had been retorted for two hours at various temperatures
ranging from 300 to 1000°C. An experimental flow adsorption
apparatus was designed and constructed, and breakthrough
curves were obtained at 10, 25, and 60°C. Gas concentra-
tions of 1000, 2000, 3000, 5000, 7000, and 10,000 ppm HjS
in dry nitrogen were used. Equilibrium isotherms were
calculated from the adsorption data and were modeled by
thg Langmuir, Freundlich, and Dubinin-Polanyi equations.
Experimental breakthrough curves were compared with a
theoretical model of the flow system and diffusion coef-
ficients were estimated at 10, 25, and 60°C for the concen-

trations 1000, 5000, and 10,000 ppm H2S in nitrogen.
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INTRODUCTION

0il shale is the term applied to fine-grained sedi-
mentary rocks which contain appreciable quantities of an
organic material called Kerogen. The solid waste material
remaining éfter retorting is called spent shale.

The present study indicates that oil shale is a highly
consolidated organic-inorganic system with no significant
micropore structure, pore volume, or internal surfacé. The
mineral constituents have an appreciable surface area of about
3 to 5 square meters per gram (l), which appears to be
limited mainly to external surface.

In-situ retorting of o0il shale involves the in-place
heating and retorting of an underground shale formation
under conditions wherein the flows of heat, vapors, and
liguids remain under control, resulting in the recovery of
acceptable quantities of gaseous and liquid products from
the shale. The in-situ method eliminates mining the shale
and the pollution problems that accompany the disposal of
the spent shale.

One design of a 50,000 barrel per day in-situ process

indicates an air requirement in excess of 4 million scfm.

1
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Consequently, the raw untreated exhaust gas flow for steady
shale operation is predicted to be about 4.5 million scfm
and will contain low concentrations of hydrogen sulfide
gas, 1000 parts per million H2S by volume (2).

Also a gas analysis of the controlled state retort at
the Laramie Energy Research Center indicates that a 50,000
barrel per day process would yield about 64,000 tons per
year of H,S (2). This value is considerably larger than
should be expected from a normal in-situ process because
the controlled state retort is heated electrically instead
of by combustion. The combustion process will convert a
large portion of the H2S to SO2. A number of commercially
available H2S removal systems are presently used in the
natural gas industry. Although the USBM has been success-
ful in removing low concentrations of H2S, the dilute H2S
composition, in conjunction with large volumes of low
pressure exhaust gas poses a number of technical problems.

At the retorting temperatures in the presence of water,
the carbon that remains in the shale should be activated
to some extent and should provide an effective adsorbent
for hydrocarbon and combustion gases. In this work, the
adsorption of H2S was .investigated under steady flow con-
ditions by using spent shale as an adsorbent in a packed

bed. Packed bed studies were made to determine breakthrough
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curves and to obtain an estimate of equilibrium isotherms
at atmospheric pressure. The parameter variations included
adsorbate concentration, temperature, and bed height. Flow-
rate was maintained constant throughout the runs. Diffu-
sion coefficient were calculated from the breakthrough
curves by considering models of the packed bed and the
equilibrium data.

The raw shale samples used in the retort were obtained
from Laramie, Wyoming, and were to be processed in their
150 ton retort. The particular material used contained 35
gallons of oil per ton of shale as found by modified Fischer
assay at the Laramie facility. In order to study the effects
of retorting temperature on the properties of the spent
shale, samples of raw shale were prepared so that the effects
of retorting temperatures would not be masked by variations
in properties of the shale. This was done by grinding a
large quantity of raw shale and collecting samples that
passed a one-fourth inch screen and was collected on a one-
eighth inch screen; the collected shale was mixed several

times to provide a homogeneous sample.
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THEORY

The main subject of this study isthe adsorption
of H,S on retorted oil shale in a steady flow system with
the goal of determining adsorption isotherms, the rate of
adsorption, and the diffusion coefficients of HyS through
spent shale.

In general the types of isotherms and a mathematical
model for evaluating the diffusion coefficients will be

discussed in this section.

Equilibrium Considerations

When the pressure or concentration of the gas is
varied and temperature is kept constant, the amount of
adsorbed gas plotted against the pressure or concentration
of the gas is called the adsorption isotherm (see Figureleé).
An isotherm may have one of five general forms: +type one
is associated with simple formation of a monclayer of mole-
cules adsorbed, types two and three are associated with
the formation of multilayers, and types four and five are
characteristics of multilayer adsorption on highly porous
adsorbents. Since a highly porous adsorbent was not used,

discussion will be limited only to types one and two.
4
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The Freundlich Theory

The first theory, often referred to as classical theory,
for the type one isotherm was proposed by Freundlich.
Although it is the oldest theory, it is still widely used
in industrial practice. In addition to unimolecular adsorp-
tion, other assumptions involved with this theory are:

a) The heat of adsorption is not the same on the
surface of adsorbent--it decreases due to the
heterogeneity.

b) The heat of adsorption is small at low surface
coverage because in dilute layers the adsorbed
molecules tend to be too far apart for repulsions
to be appreciable.

c) The adsorption varies with a power of the pressure
that is smaller than one but greater than zero.

The Freundlich isotherm equation is:

q* = m(C*)l/n' n >1 Eq. (1)
where g* is the amount adsorbed and m and n are quantities
dependent on temperature and C* is the gas concentration.

To test whether a set of experimental data obeys the
Freundlich isotherm model, Eg. (1) can be written in linear
form as

log g* = logm + 1 log C* ‘Eq. (2)
n
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If the graph of log g* versus log C* gives a straight
line, the adsorption data obeys the Freundlich equation
with the slope equal to 1/n and with the intercept equal

to log m.

The Langmuir Theory

The second theory for a type one isotherm was proposed by
Langmuir (4) in 1915 and is perhaps the most important single
theory in the field of adsorption. This theory includes
the following assumptions:

a) The forma£ion of a monolayer.

b) Adsorption is localized and takes place only

through collisions of gas molecules with vacant
sites.

c) Each site can accomodate one and only one molecule.

d) The energy of an adsorbed molecule is the same

anywhere on the surface and is independent of the
presence or absence of nearly adsorbed molecules.

The Langmuir Isotherm eguation is:

q* = Qo C* Eq. (4)
1+ Q1 C*
where: Qg5 is first Langmuir Constant,
dimensionless, Qi is second Langmuir Constant,cm%gm.,
3

C* is the gas concentration, gm/cm~ and g* is equilibrium
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adsorbate concentration gm/cm3.

The test of whether a set of experimental data obeys

the Langmuir isotherm equation is done by arranging

Eg. (4) in linear form as
1, _ 1. ,1 Q1
(qy) = (Qg)(ﬁw) + (Gg) Eqg. (5)

A plot of 1 against (l_) gives a straight line with

* C*
a slope (l_J and an intercept of (gl . It must be empha-

o o
sized, however, that obtaining a satisfactory straight line
is a necessary but not a sufficient condition for the

applicability of Langmuir's theory to the data in gquestion.

The Potential Theory (Type Two Isotherm)

These types of isotherms are characteristic of multi-
layer adsorption on uniform surfaces. One of the theories
that was proposed for this type of isotherm is the poten-
tial theory by Polanyi (5), ( 6).

The adsorbent exerts a strong attractive force upon
the gas in its vicinity and this attraction gives rise to
adsorption. The attraction forces reaching out from the
surface are so great that many adsorbed layers can form
on the surface. These layers are under compression, partly
because of the attractive forces of the surface and partly

because each layer is compressed by the other layers adsorbed
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on top of it. The compression is the greatest on the first
adsorbed layer, less on the second, and so on until the
density decreases to that of the gas. The assumptions in-
volved in the Polyani theory are as follows.
a) Adsorption is due to long range attractive forces
extending out from the adsorbént surface.
b) The gas obeys the same equation of state in the
adsorbed phase as in the gas phase.
c) The adsorption potential is similar to the gravi-
tational potential.
d) The curve e = £ (f) is the same for all temperatures.
The curve is a distribution curve or characteristic
curve, where @ is the adsorbed phase according to
the potential theory and e is the adsorption potential.
Polanyi made no attempt to derive an expression
for the adsorption isotherm from the potential theory, but
this has been done by Dubinin (7). The adsorption potential,
resulting as it does from the dispersion and polar forces
between the solid and the adsorbate molecules, is indepen-
dent of temperature but varies according to the nature of
the adsorbate as well as that of the solid.
Dubinin and his co-workers (7) (8) advanced arguments
favoring the view that the volume of the adsorption space

may be expressed as a Gaussian function of the corresponding
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adsorption potential by the relation

where:

W= W, o-k(e/B)2 Eq. (6)

B is a constant ratio termed by Dubinin as the affinity
coefficient,

Wy, is the total volume of all the micropores,

W~ is volume of the gas adsorbed, and

k 1is a constant characterizing the pore size
distribution.

Both W and € can, of course, be calculated from the experi-

mental adsorption isotherm, so that both sides of the equation

can be evaluated

w=1£f (e) Eqg. (7)

For an equilibrium pressure P, the adsorption

potential at the surface (g) is given by

P
€ =R T 1ln 59 Eq. (8)

Where P, is the saturated vapor pressure of the adsorbate.

The volume W will be given by

W= X Eq. (9)
P

where x is the adsorption in grams corresponding to the

pressure P, and p is the density of the fluid.

Upon substitution for W and for € in Eg. (6), this

may be rewritten in the linear form

logy, x = logyq(Wop) - (2.3036%(RT)2)(10910 Po/P)% Eq. (10)
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Thus a plot of log x versus I[logyj (PO/P)]2 should
give a straight line with a slope of [2.303 k (RT)2] and
with the intercept, log;g (WgP). 82

Dubinin's treatment has been modified by Kaganer (9)
to yield a method for the calculation of specific surface
from the isotherm. He confines attention to the monolayer
region, and assumes that it is the distribution of adsorption
potential over the sites on the surface which is Gaussian
in type, and so can be represented in the linear form by
the equation

logjg X =.1log (¥m) - [2.303 k3 R2 T2 1 (logjg Eg)z Eg. (11)
where: k] is a constant which characterizes the Gaugsian
distribution. Equation (11l) is identical in form with

Dubinin's Eg. (10), and a plot of logjg x versus (logjg

39)2 should again give a straight line; but the intercept
P
on the ordinate axis (where [logjg (Eg)]z = 0, or P=P,) is
’ P

now equal to the logarithm of the monolayer capacity rather
than to the logarithm of the pore volume. The method should,
therefore, yield a value of the specific surface, and it is
claimed that it can be applied in the low pressure region,

below relative pressures of 1074.

Determination of Surface

The standard method for measuring the solid surface

areas is based on the adsorption of a gas on the solid
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surface. Usually the amount of nitrogen adsorbed at equili-
briumat the normal boiling point (-195.8 C) is measured over

a range of nitrogen pressures below 1 atm. Under these condi-
tions several layers of molecules may be adsorbed on top of
each other on the surface. The amount adsorbed when one
molecular layer is attained must be identified in order to
determine the area. To determine the absolute surface area

by the Brunauér—Emmett-Teller method (10) it is necessary

to select a value for the area covered by one adsorbed molecule.
This is,

- (Vm No Eg. (12)
Sg (—-\7—).0(, q

where o = 1.09 [ﬁ%ﬁﬁ/3 , Mis molecular weight and p is the
density of the adsorbed molecules (1ll). Vm is Volume of one
monomolecular layer of gas, Ny is Avogardro's number, 6.02 x
1023 molecules mole, and V is the volume per mole of gas
at conditions of V. Since V, is recorded at standard temper-
ature and pressure V = 22,400 (cm3/g mole). The term in brackets
represents the number of molecules adsorbed. If Vv, is based
on a 1.0 gram sample; then Sq is the total surface per gram of
solid adsorbent.

The other three types of isotherm will not be discussed

here because the experimental equilibrium data are not of that

shape.

Mass Transfer Mechanisms

An overall mass balance, an equilibrium relationship

between the adsorbate concentration in the gas phase to
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that in the adsorbent phase and the rate of adsorption are
necessary to describe adsorption behavior. To model the
system, a material balance is made over a differential element
AZ in the fixed bed with the following assumptions:

Constant density, the fluid velocity is uniform
over the bed cfoss section, and the particles and void spaces
in the bed contain no adsorbate initially. If it is also

assumed that axial diffusion is negligible, then the material

balance becomes ARTHUR CAKES LIBRARY]
COLORADO SCHOQOL of MINES
3C 4 y 3¢ - _1ag GOLDEN, COLORADO 8040} Eq. (13)
ot 972 m 3t

This equation may be simplifed by a change of variables.

Z Z

= = - & . 14
X mv’ © t v Eq. (14)
ot 93X ° 2z d mv ot d
3€ - 3C | 3X - _1 (3G, Eg. (16)
32 aX ° 3Z mv 53X
39 = (99y. (86) = 1 + L 32y . _84d Eq. (17)
ot (36) (Bt) [ v Bt] 2906

If we insert Equations (14), (15), (16), and (17) into Eg. (13),
the result is

aC - _ (39) Eqg. (18)
oX 38

The appropriate boundary and initial conditions are given in

Egs. (19) and (20).
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C(0, 6 = Cq Eq. (19)

1
o

g(x,0) Eg. (20)

The solid phase balance is the usual transient diffusion

equation for a sphere. This may be expressed as:

39i _ pv?2 qj Eq. (21)
3t

This equation is usually used for diffusion in solids or
stationary liquids (v = 0). Egquation (21) can be written
in spherical coordinates as follows

89i _ D 3 ( r? 949i) Eq. (22)

—% = 757 T
The appropriate boundary and initial conditions are given
below,
I.C. #1, q; (X, r, 0) =0 0 < r<Ry,X>0

g; (%, 0, ©
B.C. #1, 091 ;;’ 9 0, 8=t =0

B.C. #2,X =0, C =C, and 9 =t 0

The overall adsorbate accumulation of the particles averaged
over the particle volume is represented by
Ry

g(X, 8) = 3/R;3 q; (x, r, 8) r?ar Eq. (23)
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In a more recent study carried out by Antonson (12),
the above equations were solved by assuming that the ex-
perimental isotherm data could be fit by the Langmuir model.
If we insert the Langmuir isotherm equation into equation
(23), then Ry

a(x, 6) = 3/Rl3 J[ [ Qo C*].rz.dr Eq. (24)
0 1+Q,C*
This system of equations can be reduced to a single
integro-differential equation by use of Duhamel's theorem
and suitable manipulations of equations (13) to (23). The

final result is

%2)
n:oo
53¢ = -2 I 3f exp [-;_n2,18.[e(2)—A]1dx Eg. (25)
X n=1 9 A 2
(2) 0
, _ g Eq. (26)
where f(g) = 1+0,-.C_- 7
X () = 3D.Q5-X = 3p.Q.2 Eq. (27)
Rlz my.RIZ
Eqg. 28
02y = 6(1)= ... a- (28

where: X (i) 1is dimensionless column length variable

(l = ll 2' 3l)

D

(i) is dimensionless time wvariable

=
|

= C/CO dimensionless concentration
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Finite difference techniques offer the best alternative for solu-

tion. It has been solved numerically by Antonson's (12) to
yield a solution for C(X, 9) in terms of the following three

dimensionless parameters.

-t - 2
6 =t = Eqg. (29)
eT

For each run, (C/Cy) should be plotted as a function of time on
semilog tracing paper. Each resultant breakthrough curve

will be superimposed on the theoretical curves and will be
adjusted until the theoreticai curve which most closely
approximates it is found. ~'The parameter n which corresponds

to the best fit will be used to calculate the intraparticle

diffusivity.
2
D = (MVv_R% Eq. (31
(3Qz)n q )

Previous investigators (3) have found that the dependence of
intraparticle diffusivity on temperature could be adequately
expressed by an Arrhenius type of relation; that is

D = Dy exp(- Q/R T) Eg. (32)

Hence by plotting 1n(D) versus (1/T) for runs at the same adsorbate
concentration but different bath temperatures, Dy and Q/R

can be evaluated. The best line through the experimental data

is obtained by the method of least squares. The slope of this

line is (- Q/R) while the intercept is 1ln (Dg).
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RETORTING EXPERIMENT

Apparatus

The experimental equipment used in this study consisted
of a two-foot long stainless steel retort vessel with an inside
diameter of 2 inches. The retort was sealed with threaded
caps that had been tapped at each end to allow for the
removal of oil and combusion gases produced from the shale
and to provide an inert atmosphere, while retoring by passing
nitrogen through the system. The system is also equipped
with: a safety relief valve, a check valve , a special elec-
trical furnace with a digital temperature controller, an
electrical resistor with its heating tape for keeping the
tubes warm, a flowmeter, a vessel for collection of the o0il
product, a cooling bath for cooling the produced gas and oil,
and the necessary piping and valves.

A drawing of the experimentél apparatus is shown in

Figure (1).

Procedure

The oil shale samples used in the retort were obtained
from Laramie, Wyoming, and were prepared to provide a homo-

geneous sample. This was done by grinding a large quantity

16
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of raw shale such that it passed a one-fourth inch screen

and was collected on a one-eighth inch screen. The collected
shale was then mixed several times to obtain a homogeneous
sample. The retort vessel was filled with the crushed raw
shale, the retort was placed in the electrical furnace, and
the tubes were connected. During retorting, inert nitrogen
gas was passed through the retort vessel at the rate of 100
cm3/min. to provide an inert atmosphere.

After constructing the system, the electrical power
line was connected and temperature was set to the desired
value. After the retort reached the desired temperature,
retorting was done for two hours. The retort vessel“and the
sample was cooled to ambient temperature while continuing
the nitrogen flow. The solid waste material remaining after
retorting, spent shale, was crushed and sieved to the

desired size, 16 to 40 U.S. mesh.
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ADSORPTION STUDY

Apparatus

The experimental apparatus used in this study consisted
of the following equipment: c¢ylinders containing prepared
gas mixtures with concentrétions of 10006, 2000, 3000, 5000,
7000, and 10,000 ppm H2S in nitrogen, a nitrogen cylinder
for desorption of adsorbent, a 6-inch long stainless steel
column with an inside diameter of 1/2 in. containing the
adsorbent, a safety relief valve, four check wvalves, a needle
control valve, an injector valve, a constant-temperature
bath with electronic relay, and a flowmeter. Also used
in the system was a Beckman model 25 ultraviolet spectro-
photometer detector, which is capable of measuring light
at wave-lengths from 190 to 700 manometers, with its recorder
and special UV silica cell which was installed at the exit
of the flow line. The light intensity changed with any
change in the gas concentration and the results were re-

corded as a function of time.

19
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A drawing of the experimental apparatus is shown in
Fig. (4). The flowmeter was calibrated by a soap bubble
flowmeter. The calibration curves for tube #1 and tube #2
of the flowmeter were obtained and are shown in Figure (2)

and Figure (3).
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Procedure

Spent shale with the size 16 to 35 U.S. mesh, which
had been obtained from the retorting process, was charged
into the adsorption column, the column was connected to the
system, was set to a desired temperature, and the column
was immersed in the constant temperature bath. The inert
N, gas was then passed through the system to flush out any
impurities. The gas flow through the system was heated to
the bath temperature by approximately 60 feet of tubing
‘before entering the adsorption column, the ultra-violet
detector and the recorder were switched to on and the system
was left for a few hours to reach the steady state conditions.
The flow rate was set with a control valve and its value
was measured by a flowmeter. The flowmeter was calibrated
with a soap bubble flowmeter.

The procedure which was used during the runs was as
below:
a) For making the span for each gas concentration:

1) All valves should be closed (including valve B)

2) Opeﬁ valves F, C, and H

3) The flow rate should be adjusted toc a constant value

when the N, gas is passing through the system with

valves D and B
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4)

3)

6)

7)

25
The U.V. cell detector should be set to zero
Valve A should be opened at the same time
that valve C is closed. The pen on the recorder

will be moved to a maximum displacement corres-
ponding to the concentration of H2S gas.

By changing the span on the recorder the

height of the breakthrough curve will be
changed.

Valve A should be closed and valve F should

be opened and the system should be left for

15 minutes. Now the system is ready for in-

jection of the sample gas.

b) The Sample injection:

1)

2)

3)

Valves I and K should be opened

Valve H should be closed and the system not
disturbed for 10 minutes

Valve A should be opened and at the same time
valve F should be closed. Now the recorder

will start to record a breakthrough curve.
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RESULTS AND DISCUSSION

Adsorption

Shale samples were produced in the previously des-
cribed retort and were analyzed for mineral composition
by x-ray diffraction analyses. Since the starting composi-
tion (before heating) was the same for all samples. Observed
differences in the x;ray patterns are a direct result of
the heating. The most noticeable of these differences is
due to decomposition of the carbonate minerals in the upper
range of temperatures. By 650°C, the dolomite [Ca Mg (Co3z),]
has started to breakdown, with evolution of C02 and formation
of Periclase (Mg0). By 750°C, breakdown of the calcite (CaCO3 +
heat = Ca0 + C0, 4) and formation of lime (Ca0) is also evi-
dent. By 950°C, all of the carbonates are gone and new sili-
cates (melitite and pyroxene) are beginning to form at the
expense of feldspar, quartz, and the oxides from the carbon-
ates. The zeolite mineral, analcime, also appears to break
down in the upper 100-200°C of heating. These results are

given in Table (1).

26
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The BET surface areas of the oil shale retorted at dif-
ferent temperatures ranging from 350 to 950°C were
obtained and these results are given in Table (2) and Figure
(5). As indicated in Table (2). (The sample calculations
are given in Appendix I.)
Table 2

The BET Surface Area of 0il Shale Retorted for Two Hours

Temperature % BET Surface Area (m2/gm)
350 0.4
450 1.5
550 4.3
650 6.4
750 8.8
950 6.9

A chemical analysis of the retorted oil shale was also
obtained, and these results are given in Table (3). It may
be seen from Table (3), that the total residual carbbn de-
creases with increasing retorting temperature.

A comparison was made of adsorption capacities measured
under similar experimental conditions but using samples of
the spent shale that had been retorted at temperatures
ranging from 350 to 950 °C in 100 C intervals. The results
of this experiment are shown in Table 4 and Figure (6).

As can be seen in Figure (6), the equilibrium uptake of H,;S

on the spent shale is a function of retorting temperature.
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Table 4
Adsorption of H»S on Spent Shale at 7°C Using a

Concentration of 10,000 ppm H2S in Nitrogen gas

) Ar=sa under g*,
Retorting breakthrough cm> H2S mgm H2S
Temperature C curve, (in%) gm solid gm solid

350 2.34 0.37397
2.13 0.35675

2.24 0.36536 0.519
450 6.08 1.00690
7.59 1.27256

6.84 1.13973 1.618
550 9.47 1.62836
10.43 1.79252

9.95 1.71044 2.429
650 10.97 1.81599
11.43° 2.00331
10.23 1.66212
12.16 1.97626

11.20 1.86442 2.647
750 11.63 1.88962
13.13 2.20136
12.13 2.03350
12.30 2.11248
14.16 2.30171
10.20 1.66851
14.95 2.42996

12.64 2.42996 2.969
950 11.36 1.83579
10.64 1.72882
8.73 1.41955
11.34 1.84358

10.52 1.70692 2.424
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FIGURE 6.

350 450 550 650 750 850 950 (050
TEMPERATURE °C
ADSORPTION AT 7°C OF HZS,ON SPENT SHALE

AT 7°C FOR SHALE RETORTED AT TEMPERATURES
RANGING FROM 350 TO 950°C.
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The maximum uptake of HyS took place on shale that
had been retorted in the temperature interval between 650
and 750°C. The highest uptake was at 750°C. This may be
attributed to changes in the structure of the shale that
results from the reaction of calcite and dolomite. Aithough
the uptake of H2S was expected to decrease with decreasing
residual carbon, this was not found.

Because the maximum H3;S uptake occurred on samples
that had been retorted between 650 and 750°C, shale retorted
at 750 C was selected for further adsorption studies and ex-
perimental breakthrough curves were obtained at 10, 25, and
60 C for concentrations of 1000, 2000, 3000, 5000, 7000
and 10,000 ppm H2S in dry nitrogen gas. This was done in
a packed bed of spent shale about 6 inches long with the
particle sizes ranging from 16 to 35 U.S. mesh. The gas
flow rate was set at 67.04 (cm3/min.). Typical experimental
sorption curves are shown in the Figures (7), (8), and (9).
The actual data for experimental breakthrough curves are
shown in Appendix IX with all necessary information for
calculations. Replicate runs were necessary because of
the non-homogeneous nature of the spent shale, therefore,
the average of those runs were used to plot the curves.
These show the effect of adsorbate concentration on the-

breakpoint.
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Also, a comparison between the sorption curves for each
concentration are shown in Figures (10), (11), (12), (13),
(l4), and (15) at the temperatures 10, 25, and 60°C. As
expected, the time required to reach the breakpoint increased

as the temperature decreased.
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For each run the area under the breakthrough curve was
measured with a polar plainimeters and the concentration of
adsorbate gas on spent shale was calculated (the sample cal-
culations are given in Appendix V1) for each temperature.

The equilibrium isotherm data and the Langmuir constant are
shown in Table 5. The plot of the amount of adsorbed gas
versus concentration is called equilibrium isotherms. These
isotherms are shown in Figures (16) and (20), and the nec-
essary data are given in Tables 6, 7, and 8. Replicate
runs were necessary because of the non-homogeneous nature
of the spent shale. Therefore, the average of those runs
were obtained in this calculation for the similar experi-
mental condition and concentration. The equilibrium iso-
therms in Figures (16) and (20) were fit accurately with
the type one isotherms which were discussed before and this

type was proposed by Freundlich and Langmuir.
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Table 5
Equilibrium Isotherm Data and Langmuir Constants, for
H2S on Spent Shale,
= Qo c=*
q* e
1 + Qp C*
C*' q*, 3
gm H»,S gm. H,S Q1, cm
- C cm® total gas cm® solid Qo gm H2S Q1Co
10 0.00000142 0.00188 2245.0066 5.66856x105 0.79
0.00000284 0.00210 " " 1.61
0.00000426 0.00264 " " 2.42
0.00000711 0.00324 " " 4.03
0.00000995 0.00357 " " 5.64
0.00001422 0.00396 " " 8.06
25 0.00000143 0.00188 2760.512 8.55563x105 1.22
0.00000286 0.00200 " " 2.45
0.00000429 0.00241 " " 3.67
0.00000715 0.00274 " " 6.12
0.00001001 0.00294 " " 8.56
0.00001429 0.00345 " " 12.22
60 0.00000145 0.00181 3237.5347 ll.94660x105 1.73
0.00000289 0.00187 " " 3.45
0.00000434 0.00222 " " 5.18
0.00000723 0.00236 " " 8.63
0.00001013 0.00245 " " 12.10
0.00001447 0.00299 " " 17.29
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Usinq the values given'in Tables 6, 7, and 8, the
equations for a Langmuir isotherm were obtained from a
least squares analysis, (the detailsof the computer program
which was used for this type of isotherm are given in
Appendix II) and are given below for different temperatures:

(2.2450066x103)C*

* = for 10°C Eqg. 33
d 1 + (5.6685626x105)C* 1. (33)

. (2.7605120x103)C*
9% T 1 4+ (8.5556316%X10°)C*

for 25°C Eg. (34)

(3.2375347x103)C*

* = for 60°C Eg. (35)
a 1 + (1.1946460x106)C*

The value C* is the gas concentration of HyS in nitrogen,
gm HoS

cm3 total gas

strated in Figure (17) for 10°C, in Figure (18) for 25°C, and in

). The goodness of fit of the equation is demon-

Figure (19) for 60°C. As can be seen from Figure (16),
the data points were fit accurately with the Langmuir equa-

tion for all of the equilibrium isotherms.
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In fhe same manner, using the values given in Tables
5, 6, and 7, the equation for a Freundlich isotherm were
obtained from a least squares analysis (the details of the
computer program which was used for this type of isotherm
are given in Appendix III) and are given below for different

temperatures:

q* = (0.1918605 ) (c*) (0-3469361 ) . 14ec Eq. (36)
q* = (0.0658124) (c*) (0-26788329) . 5500 Eq. (37)
q* = (0.0285254 ) (c*)0-20833133) £ goec Eq. (38)

The equilibrium isotherm data and the Freundlich constants

are presented in Table 9 and the isotherms are plotted in

Figure (20), according to Freundlich equation, g* = m (C*)l/n.
The goodness of fit of the equation is demonstrated in

Figure (21) for 10°C, in Figure (22) for 25°C, and in

Figure (23) for 60°C. As can be seen from Fig. (20), the

data points were also fit accurately with the Freundlich

equation for all equilibrium isotherms.
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Equilibrium Isotherm Data and Freundlich Constants

Cc*, a*
Temp . g;m__EiZ_S__________ .g_rn_;ﬂ_zs___
°C cm3 total gas ¢cm~ solid
l0°cC 0.00000142 0.00188
0.00000284 0.00210
0.00000426 0.00264
0.00000711; 0.00324
0.00000995 0.00357
0.00001422 0.00396
25°C 0.00000143 0.00188
0.00000286 0.00200
0.00000429 0.00241
0.00000715 0.00274
0.00001001 0.00294.
0.00001429 0.00345
60°C 0.00001450 0.00180
0.00000289 0.00187
0.00000434 0.00222
0.00000723 0.00236
0.00001013 0.00245
0.00001447 0.00299

m 1/n
0.191860 0.34693618
0.065848 0.26788929
0.028544 0.20853133
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In order to calculate characteristic curves from ex-
perimental equilibrium data, knowledge of the molar
volumes of the sorbed species is required.

The characteristic curves calculated from the equili-
brium isotherms are shown in Figure (24). It is apparent
that, for each gas, the data of all temperatures lie close
to a single characteristic curve as required by the Dubinin-
Bolanyi theory. Using the values given in Tables 10, 11,
and 12, the equation for a Dubinin isotherm were obtained
from least squares analysis (the details of the computer
program and the method of calculations which are used for
this type isotherm are given in Appendices VI and V,

respectively) and are given below for different temperatures:

-(8. -7 2 ]

W= 0.14910 a0 276X ()T £ 10ec Eq. (39)
- -7 2

W= 0.10263 e~ (5-9639x107) (e} ' .. Eq. (40)
_ =7y (2

W= 0.07626 e (5-8125x10°7) (¢) for 60°C Eq. (41)

where W is the volume of the adsorption space.
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The plot of LogX versus [logj (PO/Pi)]2 gives a straight

line for each temperature, with a slope [2.303(k/82)(RT)2]

and with the intercept Logjg (Wgp). The results are given

in Figures (25), (26), and (27), for the three adsorption
isotherms. By using the Kagner (2) modification of the
Dubinin's equation, the intercept of these plots now will be
equal to the logarithm of the monolayer capacity (X) rather
than the logarithm of the pore volume. So the values of Xp

were obtained from these plots and are given below:

1) at 10°C logj;o(Xy) = -3.67373857,X, = 2.1196x10~% mole H2S
gm solid
2) at 25°C loglO (Xp) = -3.8335920,X, = l.4669x].0—4 mole H2S

gm solid

3) at 60°C logj;qg (Xp)

-3.9573521,X = 1.1038x1074 mole H2S

gm solid
The Kaganer treatment yields a method for calculation of
specific surface from the isotherm.

The Bet surface area also was obtained as indicated in

Table 2.
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Diffusion Coefficients

Internal diffusion models can be used to model the H,S
sorption process with good results. The diffusion coeffi-
cients for the diffusion of H;S on the spent shale were calcu-
lated by means of computer (12) generated breakthrough
curves using the Langmuir isotherms. The numerical results
were plotted on semilog paper with the ordinate @ = C/Cg
while the abscisca was 6/n with the parameters n. For each
experimental run g = C/Cy was plotted as a fuéction of time
(6p/n) on semilog paper to the same scale as the theoretical
curves for a specific value CpQ;. The theoretical breakthrough
curves are shown in Figures (28) through (30) for three dif-
ferent values of CpQ; - The values of C/Cy vs. 8/n for the
theoretical breakthrough curves are given in Appendix VIIX.
These theoretical curves were then matched to the experimental
data to provide information on the sorption mechanism as
well as the diffusion coefficients. The model used assumed

Langmuir type isotherms which fit the experimental isotherms

relatively well.
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The method which was used to calculate the overall
intraparticle diffusion ceefficient will be discussed below.
The corresponding value of 6 (minute) should be found on
the experimental breakthrough curve at a fixed value of tem-
perature and concentration. Upon substituting the values

for m, v, 2, QO’ and 6 (6 from experimental) into equation (30).
GT/n = (2 m v/3 Qp 2) 6 Eg. (30)

The experimental plotsof 6q/n vs. C/CO were matched to theo-
retical breakthrough curves. Then the corresponding value of
n was found from the plot log (86/n) versus C/CO. Substituting

the value of n and m, v, Ry, Qp: and Z in Equation (31l) gives
D = (MV R1%2/3 Qg Z)n Eq. (31)

Diffusion coefficients were obtained at three different tem-
peratures 10°C, 25°C, and 60°C for the concentrations of
1000, 5000, and 10,000 PPM H3S in nitrogen. These results
are shown in Tables 13, 14, and 15.

A comparison of the effective diffusion coefficients are

plotted at 10°C, 25°C, and 60°C in Figure (31).
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Energy of Activation

Empirically , the diffusion coefficient, D, can be described

by the equation

D = Dg exp ( - _Q) Eg. (44)
RT

where Dy and Q may vary with composition but are independent
of temperature. Experimentally Dy and Q are obtained by
plotting 1n D vs. 1/T, the slope of this plot gives
d ln D = - Q/R Eg. (45)
aa/T)

while 1n D, is given by the intercept at 1/T = 0.

The plots of Log intraparticle diffusivity versus inverse
temperature (°K) for concentrations of 10,000, 5,000, 1,000

PPM are shown in Figure (32). The best line through the

experimental data is obtained by the method of least squares.

The slope of this line is (- Q/R), while the intercept is

(ln Do) .
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Table 16

Experimental Parameters of EQe Ui

The slope

Concentrate When 1/T=0 of the curve
in PPM (Dg) -Q/R D = D exp (-Q/RT)
10,000 2.9x1074 -454.6 D=2.9x10"4 exp(:i%i;é)
5,000 1.1x10-4 -439.2 D=1.1x10"4 exp(:é%g;z)

1,000

1.2x1074 -586.9 D=1.2x10"4 exp(‘5$6~9)
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Heat of Adsorption

The equilibrium data also yields value for the heat

of adsorption. Hersh (28) has shown that at constant loading

_ 3 (1nP), |
bHg = = R [=—g—g*
a(T)

Plots of log P vs 1/T can be analyzed graphically for the
slope at constant loading in order to obtain AHg.

The heats evolved during the adsorption process were
of the same order of magnitude as the heat of condensation,

0.,5to 5 kcal/gmole.

Table 17
The Heats of Adsorption at Different Loading
Points
*

gquéS alls .

= L R A Heat of Adsorption

cm3 so01id cal/gmale

2.5x10_3 2305

2.6X10—3 3498

As the loading increases, the heat of adsorption also
increases. This is probably due to a combination of physical

adsorption and chemisorption.
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Symbol Loading

i A 2.6x10-3
10735 A\ 0 2.5x10~3
O 2.3x10~3

(mmPﬁg) #l\\\\\\ \\\\\\\

4 — \A
\\\‘\\\‘\\\\ ~—
— —~—— M
O— —
10—6 . ¥ L) | 4 ‘\' ﬁ
3.0 3.1 3.2 3.3 3.4 3.5

% x 103, (°k)-1

Figure (33). Equilibrium Isosteres for Calculations Heat
Adsorption.
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CONCLUSIONS

Although the experimental adsorption data could be
fit accurately with the Langmuir equations, a better fit
was obtained with the Freundlich equation. The experimental
data for all isotherms was reduced to a Dubinin-Polanyi
type potential plot and were found to obey this type rela-
tionship relatively well. The fact that the data could be
reduced to a single curve demonstrates the consistency of
the data for all temperatures.

The results which were obtained in the previous section
indicated that an increase in the diffusion coefficient occurs
with an increase at the temperature of adsorption processes.

The desorption curves, which were obtained for each of
the runs by passing pure nitrogen at 10, 25, and 60°C through
the packed bed, shows that only approximately 10 to 50 per-
cent of the H»S was recovered. Table 1§ presents the percent
and amount of H,S that can be recovered by pure nitrogen in
process desorption during the same time period as adsorption.
However, upon increasing the temperature to about 40°C above
the adsorbing temperature, more than 90 percent of the H2S
could be recovered. It is important to note that for systems,
such as this one, in which the diffusion coefficient increases
with increasing adsorbate concentration, the desorption pro-

cess 1is longer because of diffusion from the adsorbent.

82
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The studies by Compson and Rowan (13) show that H,S
and oxygen react at temperatures well below the H,S air
ignition temperature when o0il shale is present.

The reaction products are solid sulfur-containing
compounds, including elemental sulfur, and sulfur dioxide
gas. Temperatﬁre and oxygen concentration strongly effect
the steady state product distribution. This effect may

be due to the stoichiometry of
2HS + 02 - 2 H20 + 28
2H2S + 302—>2 H20 + 2 SO2

One-third of the oxygen is required when forming elemental
sulfur, and it may be a favored product when 03 is scarce.
The results of studies on effects of temperature, carrier
gas, shale sources or.conditions, and H,S and 02 concentra-
tion show that reaction rate is dependent on temperature
for a constant amount of H7S reacted.

However, in the present study oxygen was not added
to the spent shale and the only oxygen present was in the
form of compounds. Because the heats of adsorption and
the energy of activation were relatively low, it may be
assumed that the H3S was held on the surface by a combina-

tion of Vander Waals forces and chemisorption.

ERTHOR CAKES CIBRARY
COLORADO SCHOOL of MINE"
GOLDEN, COLORADO 80402
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Table 18
Desorption by Pure Nitrogen

of H,S spent shale particles at 10°C, 25°C, and 60°C.

Concentration gm solid gm solid gm solid gm solid %

of H2S5,PPM adsorbed desorbed adsorbed desorbed Desorption

For T = 10 C

10,000 1.7610 0.84146 2.5034 1.19622 47.78
7,000 1.5096 0.56803 2.1462 0.80750 37.62
5,000 1.4443 0.52429 2.0532 0.74533 36 .30
3,000 1.1734 0.38889 1.6682 0.55285 33.14
2,000 0.9366 0.27797 1.3315 0.39516 29.68
1,000 0.8384 0.16705 1.1919 0.23748 19.92

For T = 25 C

10,000 1.5300 0.65106 2.1871 0.43063 42 .55
7,000 1.3033 0.50449 1.8630 0.72112 38.71
5,000 1.2153 0.44258 1.7372 0.63262 36.42
3,000 1.0705 0.28187 1.5302 0.40290 26 .33
2,000 0.8881 0.22031 1.2696 0.31491 24 .80
1,000 0.8471 0.10662 1.2109 0.15240 12.59

For T = 60 C

10,000 1.3099 0.48889 1.8950 0.70728 37.32
7,000 1.0729 0.32423 1.5522 0.46906 30.22
5,000 1.0340 0.27557 1.4959 0.39867 26 .65
3,000 0.9732 0.27033 1.4079 0.39109 27.78
2,000 0.8213 0.13425 1.1882 0.19422 16 .35

1,000 0.7917 0.08334 1.1454 0.12057 10.53

0
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NOMENCLATURE

area (cm2)

gas phase concentration of H3S, (gm./cm>)

effluent concentration of H3S, (gm./cm3)

inlet gas concentration of HjS, (gm./cm3)
equilibrium gas phase concentration of HjS, (gm./cm3)
intraparticle diffusivity, (sg. cm./sec.)

adsorption potential, (cal/gmole)

the constant characterizing of the pore size
distribution

the molecular weight of inlet gas (gm./gmole)

void fraction of bed divided by particle fraction,
(dimensionless)

quantity dependent on T, the constant in Freundlich
equation

quantity dependent on T, the constant in Freundlich
equation

average concentration of adsorbed H5S, (gm./Cm3)
equilibrium concentration of adsorbed H,S, (gm./Cm3)

the local concentration of adsorbed H2S in particle,
(gm./ cm3)

first Langmuir constant (dimensionless)
second Langmuir constant Uxmygm)

pressure (mm Hg)
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Py = the saturation pressure of pure adsorbate (mm Hg)
or vapor pressure at atmospheric pressure (mm Hg).

P; = partial pressure (mm Hg)

R = gas constant, cal./(gmole) (°K)

Ry = the radius of spherical particle, (cm)

r = the radial coordinate in particle, (cm)

Sg = pore surface area (of solid) per unit mass

t = time (min.)

T = temperature (°K)

v = the linear velocity of gas in the bed (vg/A-.¢),
cm. /sec.

Vo = volumetric flow rate of the gas (cm3/min.)

1% = volume of the gas adsorbed

Wo = the total volume of all the micropores

X = the weight of adsorbed, gm.

X = (Zz/mv), transformed column length variable, min.

X(i) = the dimensionless column length variable
(1 =1, 2, 3)

Z = bed height measured from inlet, (cm)

B = constant ratio and termed by Dubinin the affinity
coefficient,

A = the dummy intergration variable.

Ji) = the C/Cp, dimensionless concentration

) = (t - 2/v), transformed time variable, (min.)
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8(1)

n(2)

p(l)

87

the dimensionless time variable (i =1, 2, 3,)
2D g , dimensionless

Ry 2

density of gas, gm/cm3

the void volume fraction (dimensionless).
adsorption potential, (cal/gmole)

3D Qg z/mv R12 (dimensionless)

chemical potential of sorbed species at 2

chemical potential of sorbed species at 1
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APPENDIX T

Sample Calculation for BET Surface Area

_ M 2/3
@ =1.09 [——W
7,5
- 34 2/3
o= [ Z3 =3 12/
6.02x104°x1.4216x10-°>%x34 o = 1.4216 9M
4 lit
-14 2 22
o = 1.213x10 Cm< = 1213.12 A
V. N
- m 0 _ 6
59 = =g« °r 54 = 5 3P
p
23
_ 6.02x10 -14
Sg = 3.26x10° Vi Cm2/g solid adsorbent
Vm, the volume of one monomolecular layer of gas. If Vp is
based on a 1.0 gram sample. Then Sg is the total surface

per gram of solid adsorbent.

Py 10125.594 mm Hg, P = 620 mHg, Pi = PY;
1

10125.594)

Y3

c* (ppM), Pi = 620 (53¢
106 Py 10

According to the Brunauer-Emmett-Teller equation, the plot

of P vs P/Po which was straight-line, was obtained.
V(Py-P)
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Figure (32), and the slope and intercept were obtained for

each case from the curve.

I
S

Vm

Sg
Sg

Sg

intercept = 0.00

slope = 0.57111

1 = 1.75097 cm?/g cat.

S+1

4.35x10% vy

4.35x10%x1.75 = 7.6167x10% cm?/g cat.
7.61673 Cm2/g cat. The surface area for the spent

shale retorted at 750°C.
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APPENDIX TI1I

Details of the computer program for Langmuir type of

isotherms.
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READC(151)N,»T

WRITEC(4,7)T

FORMATC(///71Xy “X%Xk%XX FOR T= ‘sFsSXy " XKXXX’'////

1 10Xy " (1/CK) " s1SXy " (L/QY /777

AN=N

SUMX=0.0

SUMY=0.0

SUMXY=0,0

SUMXX=0,0

N0 2 I=1sN

C IS IN dm. /CC.TOTAL GASy Q IS IN (am. H25/CC. SOLIID
REALIC1,3)2CQ

X=(1./C)

Y=(1./Q)

WRITE(4s6)XyY

FORMAT(1XyE20.8ySXyE20.8)

SUMX=SUMX+X

SUMY=SUMY+Y

SUMXY=SUMXY+XXY

SUMXX=SUMXX+X%XX%X2

XAV=SUMX/AN

YAV=SUMY /AN

CSCP=SUMXY-SUMXXSUMY /AN

CSS=SUMXX~-SUMXXxX2/AN

B=CSCF/CSS -
A=YAVU-EXXAV

WRITE(4r4)AYE

Q0=1/R

Q1=A%XQ0

WRITE(4,5)Q0yQ1

STOF

FORMAT(IyF)

FORMAT (2F)

FORMAT (1Xy A=/ yE20.8y5Xy "B='yE20.8/° NOTE THAT THE LANGMINR
1 EQ. IN THE FORM OF LINEAR IS Y=A+EXX ’/)

FORMAT (1Xy ‘Q0='»E20.8,5SX>» 'Q1=",E20.8//

1 4 NOTE THAT THE LANGMINR EQ. IS IN THE FORM AS
1 Q=(ROXC/(1+Q1%C)I)"*)

END
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APPENDIX III

Details of the computer program for Freundlich type

of isotherms.
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TY FED2
[12:14242]

00100 READCI»1ON»T

00200 WRITE(4,7)T _

00300 7 FORMAT (/771X “XXkk%XX FOR T= ‘+sFsSXs " XKKKK'////
00400 1 10X/ (LOGC(CX))’ 10Xy  (LOGLR))Y " ////)

00500 AN=N

00400 SUMX=0.0

00700 SUMY=0.0

00800 SUMXY=0.0

00900 SUMXX=0.0

01000 D0 2 I=1sN

01100 c € IS IN gm. /CC. TOTAL GASr Q@ IS IN (gm. H2S/CC. SOLIID
01200 REAI(1,3)C»Q

01300 X=ALOG10(C)

01400 Y=ALOG10(Q)

01500 WRITE(4»&)XsY

01600 6 FORMAT(1XsE20.8s5XsE20.8)

01700 SUMX=SUMX+X

01800 SUMY=SUMY+Y

01900 SUMXY=SUMXY+XXY

02000 2 SUMXX=SUMXX+XkX2

02100 XAU=SUMX /AN

< oo YAVU=SUMY /AN

02300 CSCP=SUMXY-SUMXXSUMY /AN

02400 £SS=SUMXX-SUMX*%2/AN

02500 E=CSCF/CSS

02600 A=YAU-EXXAV

02700 WRITE(454)AsE

02800 AA=10XXA

02900 ER=E

03000 WRITE(4,5)AAYEER

03100 STOF

03200 1 FORMATC(IyF)

03300 3 FORMAT (2F)

03400 4 FORMAT(1X» A=’ yE20.8,5Xs 'E='yE20.8/° NOTE THAT THE FRENILICH
03500 1 EQ. IN THE FORM OF LINEAR IS Y=A+E%XX /)

03400 5 FORMAT(1Xy ‘M=’ yE20.8s5Xy " (1. /N)=’yE20.8//

03700 1 * NOTE THAT THE FRENDLICH EQR. IS IN THE FORM AS
03800 1 Q=MX(CX%X(1./N))")

03200 END
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APPENDIX IV

Details of the computer program for the Dubinin-Polanyi

type of isotherm.
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APPENDIX V

Sample Calculation - Dubinin-Polanyi Equation
gy = RT.ln(PO/Pi) Eg. (46)
where
Pi =P Y, Eg. (47)
M = 620 mm Hg in experimental conditions

Yi= C*, (in PPM)
10°

Eg. (48)

P
where: X; was in gms HyS adsorbed per gm solid.

Final eguation for the calculation g; will be such as

equation (50) which €; was in (cal/g-mole),

Po
. = o P
€ R x T (°K) 1n ((P xC*)) Eg. (50)
106
The adsorption potential AG is defined as
P
= - = 0

for the temperature below the critical temperature.
Example: at 10°C
From the computer program for Dubinin we have this equation

Y = -3.67373858 - 0.045445163(X) Eg. (50)
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= Logjy (Wgp) = -3.67373858 Eq. (51)

1.4216 x 10~3 g/Cm3

= 2.303 (RT) (gk)
2

= -B = 8.4756 x 10~/
2.303(82.057) (283.73)

(RT 1n P0)2 = (82.057)2(283.73)2(1n F0)?
24 P

Dubinin equation will be as follows:

W = 0.14910 e (8.4756x10-7) (g)2
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APPENDIX V I

Sample Calculation - Uptake on H;S on Spent Shale

a) Total cm3 st adsorbed = (Concentration) (Flowrate) x
(height) (speed chart)

(area under the breakthrough curve)

b) cm3-H2S adsorbed = Total cm3 H3S sdsorbed
gm solid weight in bed
Example:

T = 10°C, Cy = 10,000 PPM, and flowrate - 67.04 cc/min.

[(10,000)cm3 HaS  67.04 cm3 gas;,
10° cm> gas min (145.79] = 23.55 cm3-H,S
(8.30) (0.5 inch/min) . = . m 2

23.55 _ 1 g1163 cm>-H2S

divid .
or divide by 13 gms give I3 om solid



T-1997 101

APPENDIX VI I

Parameters Used in Calculations

Po
14
T, P, Vapor

Temperature Density of pressure of
°C H,S, gm/1 H,S, mm Hg
10 1.4216 10125.594
25 1.4294 15000.88
60 1.4467 32251.892

The room pressure was 620 mm Hg at the experimental condi-
tions pg = 1.58 for spent shale. Reactor cross-sectional
area = 0.9369 cm? and inside diameter of reactor = 0.43 inches.

Length of sorption reactor was 15.24 cm.
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APPENDIX VII I

values of 6/n vs. C/Co for different values of Q;CO

for theoretical breakthrough curve koutput of program).
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APPENDIX IX

Experimental breakthrough curve data at 10°C, 25°C,
and 60°C for concentrations of 1000, 2000, 3000, 5000,

7000, and 10,000 PPM. H»S in dry nitrogen gas.



T-1997 Run No. 31 112
Adsorption Gas 10000 Temperature 10 %
Concentration, Co . ppm.

3, . Sample Weight 13 gms.
Gas Flow Rate 67.04 cm?/min.
Chart Speed 0.5
ﬁgizrgg?g: Curve 148-79 i&% Maximum Concentration
Height, Equivalent
to Co 8.31n.
Ch?rt Length Chart Length (min) Concentfation Height ‘Concentratioq Height (c_
inches) “Chart Speed . (inches) Max. Concentraticn Height ‘Fg
11.80 23.60 0.00 0.00
12.75 24.30 0.50 0.06024
12.25 24.50 1.00 0.12048
12.40 24.80 1.50 0.18072
12.50 25.00 2.00 0.24096
12.65 25.30 2.50 0.30120
12.85 25.70 3.00 0.36145
13.10 26.20 3.50 0.42169
13.30 26.80 4.00 0.48193
13.80 27.60 4.50 0.54217
14.40 28.80 5.00 0.60241
15.10 30.20 5.50 0.66265
16.25 32.50 6.00 0.72289
17.90 35.80 6.50 0.78313
20.90 41.80 7.00 0.84337
26.70 53.40 7.50 0.90361
42.50 85.00 8.00 0.96386
67.00 134.00 8.20 0.98795
i
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T-1997 Run No. 32
Adsorption Gas Temperature 10 °c
Concentration, Co 10000  ppm.
: 3 Sample Weight 13 gms.
Gas Flow Rate 67.04  cm/min.
Chart Speed 0.5
Area Under .
Adsorption Curve 142.54 1’r12. Maximum Concentration
Height, Equivalent
to Co 8.3 in.
Chart Length Chart Length (min)) Concentration Height “Concentration Height (c
(inches) Chart Speed 3 (inches) Max Concentration Height ‘¢
12.30 : 24.60 0.00 0.00
12.75 25.50 0.50 0.06024
12.90 25.80 1.00 0.12048
13.05 26.10 1.50 0.18072
13.15 . 26.30 2.00 0.24096
13.25 26.50 2.50 0.30120
13.40 26.80 3.00 0.36145
13.50 27.00 3.50 0.42169
13.70 27.40 4.00 0.48193
14.00 28.00 4.50 0.54217
14.30 28.60 5.00 0.60241
14.80 29.60 5.50 0.66265
15.60 31.20 6.00 0.72289
16.80 33.60 6.50 0.78313
19.00 38.00 7.00 0.84337
23.50 47.00 7.50 0.90361
38.00 76.00 8.00 0.96383
55.00 110.00 8.20 0.98795




T-1997 Run No. 33 114
Adsorption Gas Temperature 10 oc
Concentration, Co 10000 ppm.
Gas Flow Rate 67(04 cm?/min. Sampie Weight 13 g@s.
Area Under Chart Speed 0'5
Adsorption Curve 138.48 i&% Maximum Concentration
Height, Equivalent 8.4 .
to Co in.
Chart Length Chart Le”gthA(minJ Concentration Height FConcentratioq Height [
(inches) TChart Speed . (inches) Max_ Concentration Height (35'
11.20 22.40 0.00 0.00
11.50 23.00 0.50 0.05952
11.65 23.30 1.00 0.11905
11.75 23.50 1.50 0.17857
11.80 23.60 2.00 0.23810
11.90 23.80 2.50 0.29762
12.05 24.10 3.00 0.35714
12.20 24.40 3.50 0.41667
12.35 24.70 4.00 0.47619
12.60 25.20 4.50 0.53571
12.90 25.80 5.00 0.59524
13.45 26.90 5.50 0.65476
14.20 28.40 6.00 0.71429
15.50 31.00 6.50 0.77381
17.70 35.40 7.00 0.83333
23.00 46.00 7.50 0.89286
39.00 78.00 8.00 0.95238
60.00 120.00 8.20 0.97619




T-1997 Run No. 34 115
Adsorption Gas Temperature 10 9¢
Concentration, Co 7000 - ppm.

3 Sample Weight 13 gms.
Gas Flow Rate 67.04  cmP/min.
Chart Speed 0.5
Area Under
Adsorption Curve 123.56 . it Maximum Concentration
Height, Equivalent
_ to Co 5.9 in.
Chart Length Chart Length (min.) Concentration Height “Concentration Height .
(inches) Chart Speed =~ -  “ (inches) Max. Concentration Height (ZE'
11.90 23.80 0.00 0.00
12.75 25.50 0.50 0.08475
13.15 26.30 1.00 0.16949
13.50 27.00 1.50 0.25424
13.80 27.60 2.00 0.33898
14.20 28.40 2.50 0.42373
14.75 29.50 3.00 0.50847
15.60 ©31.20 3.50 0.59322
16.80 33.60 4.00 0.67797"
19.05 38.10 ‘ 4.50 0.76271
23.80 47.60 5.00 0.84747
42.40 84.80 5.50 0.93220
78.00 156.00 5.70 0.96610
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Run No.

35

116

Adsorption Gas Temperature 10 %
Concentraticn, Co 7000 ppm.
3 Sample Weight __ 13 gms.
Gas Flow Rate 67.04 cm?/min. 0.5
Chart Speed )
Area Under
Adsorption Curve 127.01 . i Maximum Concentration
Height, Equivalent
5.9 1dn.
Chart Length Chart Length (min) Concentration Height “Concentration Height 8

(inches) Chart Speed b {inches) Max Concentration Height (33

14.90 : 29.80 0.00 0.00

15.35 30.70 0.50 0.08475

15.55 31.10 1.00 0.16949

15.70 31.40 1.50 0.25424

15.90 31.80 2.00 0.33898

16.20 32.40 2.50 0.42373

16.60 33.20 3.00 0.50847

17.30 34.60 3.50 0.59322

18.50 37.00 4.00 0.67797

20.50 41.00 4.50 0.76271

25.00 50.00 5.00 0.84746

42.00 82.00 5.50 0.93220

59.00 118.00 5.80 0.98305




T-1997 Run No. 36 117

Adsorption Gas Temperature 10 oc¢
Concentration, Co 7000 ppm.

3 Sample Weight 13 gms.
Gas Flow Rate 67.04 em?/min. 0.5
Chart Speed .
Area Under n A
Adsorption Curve 9.55 iﬂ% Maximum Concentration
Height, Equivalent
to Co 5.9 in.
Chart Length Chart Length (min) Concentration Height Concentration Height C .
(inches) Chart Speed b (inches) Max Concentration Height (33/
14.00 : 28.00 0.00 0.00
14.65 29.30 0.50 0.08475
15.10 30.20 1.00 0.16949
15.40 30.80 1.50 0.25424
15.60 31.20 2.00 0.33989
16.00 32.00 2.50 0.42373
16.55 33.10 3.00 0.50847
17.20 34.40 3.50 0.59322
18.40 36.80 4.00 0.67797
20.50 41.00 4.50 0.7627
25.40 50.80 5.00 0.84747
41.00 82.00 5.50 0.93220
60.00 120.00 5.80 0.98305




Adsorption Gas
Concentration, Co

Gas Flow Rate

Area Under
Adsorption Curve

5000 ppm.
67.04  cm3/min.
87.35 i

Run No.

37

Temperature

Sample Weight

Chart Speed

118
10 O¢
12 gms.
0.2 .

Maximum Concentration
Height, Equivalent

to Co

8.251n.

Chart Length

Chart Length

(min.)

Concentration Height

Toncentration Height

C
(7

(inches) Thart Speed_ (inches) Max. Concentration Height
6.35 31.75 0.00 0.0000
6.60 33.00 0.50 0.0606
6.80 34.00 . 1.00 0.1212
6.95 34.75 1.50 0.1818
7.05 35.25 2.00 0.2424
7.15 35.75 2.50 0.3030
7.25 36.25 3.00 0.3636
7.40 37.00 3.50 0.4242
7.60 38.00 4.00 0.4848
7.80 39.00 4.50 0.5455
8.15 40.75 5.00 0.6061
8.55: 42.75 5.50 0.6667
9.20 . 46.00 6.00 0.7273

10. 30 51.50 6.50 0.7879

12.30 61.50 7.00 0.8485

17.50 87.50 7.50 0.9091

29.50 147.50 8.00 0.9697

8.25 1.0000




Adsorption Gas

Concentration, Co 5000 ppm.

Gas Flow Rate

Area Under

67.04

Adsorption Curve 93.95 i

cm?/min.

Run No. _ 38

Temperature

Sample Weight

Chart Speed

Maximum Concentration
Height, Equivalent

to Co

10 9
13 gms
0.2

8.05 in.

Chart Length

Chart Length

{minJ)

Concentration Height

Concentration Height

c .
(&

{inches) hart Spee {inches) Max Concentration Height
7.15 35.75 0.00 0.0000
7.65 38.25 0.50 0.0621
7.90 39.50 1.00 0.1242
8.10 40.50 1.50 0.1863
8.25 41.25 2.00 0.2484
8.35 41.75 2.50 0.3106
8.45 42.25 3.00 0.3727
8.60 43.00 3.50 0.4348
8.80 44.00 4.00 0.4969
9.10 45.50 4.50 0.5590
9.50 47.50 5.00 0.6211

10.170 50.50 5.50 0.6832

11.00 55.00 6.00 0.7453

12.50 62.50 6.50 0.8075

15.40 77.00 7.00 0.8696

22.70 113.50 7.50 0.9317

43.00 215.00 8.00 0.9938

8.05 1.0000
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Adsorption Gas

Concentration, Co

Gas Flow Rate

Area Under

Adsorption Curve

5000 -
67.04

92.50 .

ppm.

cm?/min.

i

Run No. _ 39

Temperature

Sample Weight

Chart Speed

120

Maximum Concentration
Height, Equivalent

to Co

10 %
13 gms.

0.2
8.]5'in_

Chart Length

Chart Length

(min)

Concentration Height

“Concentration Height

C
(w5

(inches) art Spee (inches) Max Concentration Height
7.05 35.25 0.00 0.0000
7.20 36.00 0.50 0.0613
7.30 36.50 1.00 0.1227
7.40 37.00 1.50 0.1840
7.50 37.50 2.00 0.2454
7.60 38.00 2.50 0.3067
7.70 38.50 3.00 0.3681
7.85 39.25 3.50 0.4294
7.95 39.75 4.00 0.4908
8.20 41.00 4.50 0.5521
8.45 42.25 5.00 0.6135
8.95 44.75 5.50 0.6748
9.60 48.00 6.00 0.7362

10.75 53.75 6.50 0.7975

13.10 65.50 7.00 0.8589

19.70 98.50 7.50 0.9202

54.00 270.00 8.00 0.9816

8.15 1.0000




T-1997

Adsorption Gas

Concentration, Co

Gas Flow Rate

Area Under

Adsorption Curve

3000

67.04

70.04

ppm.

~cm§/min.

i

Run Ne.

4

Temperature
Sample Weight
Chart Speed

121

Maximum Concentration
Height, Equivalent

to Co

10 %
13 gms.

0.2 .
4.70'in.

Chart Length

Chart Length

(min)' Concen

tration Height

Concentration Height

c .
(=

(inches) Chart Speed (inches) Max. Concentration Height
9.57 48.75 0.00 0.0000
10.05 50.25 0.50 0.1054
10.30 51.50 1.00 0.2128
10.60 53.00 1.50 0.3191
10.90 54.50 2.00 0.4255
11.40 57.00 2.50 0.5319
12.25 61.25 3.00 0.6383
13.90 69.50 3.50 0.7447
©18.00 90.00 4.00 0.8511
37.60 188.00 4.50 0.9574
4.70 1.0000




T-1997 Run No. 42 122

Adsorption Gas Temperature 10 O¢
Concentration, Co 3000 ppm.
3 Sample Weight . 13 gms.
Gas Flow Rate 67.04 cm?/min.
Chart Speed 0.2
Area Under
Adsorption Curve _ 67.56 . i Maximum Concentration
Height, Equivalent
to Co 4.7 jn.
Chart Length Chart Length (min) Concentration Height ‘Concentratior) Height (c .
(inches) Chart Speed " (inches) Max Concentration Height ‘%3
8.28 41.40 0.00 , 0.0000
9.19 45.95 0.50 0.1064
9.48 47.40 1.00 0.2128
9.74 48.70 1.50 0.3191
10.12 50.60 2.00 0.4255
10.68 53.40 2.50 0.5319
11.58 57.90 3.00 0.6383
13.30 66.50 3.50 0.7447
17.48 87.40 4.00 0.8511
43.00 215.00 4.50 0.9574
4.70 1.0000




T~1997 Run No. _43 123
Adsorption Gas . Temperature 10 ¢
Concentration, Co 3000 ppm.

' 3 Sample Weight 13 gms
Gas Flow Rate 67.04  cm?/min.
Chart Speed 0.2
Area Under
Adsorption Curve 74.67 . i Maximum Concentration
Height, Equivalent 4.62
to Co s
Chart Length Chart Length (min) Concentration Height Concentration Height (C
(1nches), Chart Speed - (inches) Max_Concentration Height ‘&g
11.30 56.50 0.00 0.0000
11.60 58.00 0.50 0.1082
.77 58.85 1.00 0.2165
11.95 59.75 1.50 0.3247
12.21 61.05 2.00 0.4329
12.64 63.20 2.50 0.5411
13.55 67.75 3.00 0.6494
15.50 77.50 3.50 0.7576
20.90 104.50 4.00 0.8658
50.00 250.00 4.50 0.9740
4.62 1.0000




T-1997 Run No. _45 124

Adsorption Gas Temperature 10 O¢
Concentration, Co 2000 ppm.
3 Sample Weight 13 gms.
Gas Flow Rate 67.04 cm7/min.
Chart Speed 0.2
Area Under
Adsorption Curve 122.00. nF Maximum Concentration
Height, Equivalent 7.0
to Co 2054y,
Chart Length | Chart Length (min) Concentration Height “Concentration Height (
(inches) Chart Speed k (inches) Max_Concentration Height 35
13.00 . 65.00 0.00 0.0000
13.33 66.65 0.50 0.0709
13.45 67.25 1.00 0.1418
13.55 67.75 1.50 0.2128
13.70 68.50 2.00 0.2837
13.89 69.45 2.50 0.3546
14.15 70.75 3.00 0.4255
14.89 74.45 3.50 0.4965
15.15 75.75 4.00 0.5674
15.55 77.75 4.50 0.6383
16.60 83.00 5.00 0.7092
18.20 91.00 5.50 0.7801
20.55 102.75 6.00 0.8511
25.90 128.50 6.50 0.9220
43.80 219.00 7.00 0.9929
7.05 1.0000




T-1997

Adsorption Gas

Run No.

46

Concentration, Co _ 2000  ppm. Temperature _10 %
Gas Flow Rate 67.04  cn3/min. Sampie Welght 12 gms.
Area Under Chart Speed _0.2
Adsorption Curve 141.80 iﬁ% Maximum Concentration
Height, Equivalent 7.4
to Co in.
Ch?ﬁt Length Chart Length ;4] Concentration Height ‘Concentratioq Height c

inches) Chart Speed_ {inches) Max_Concentration Height (£

13.50 67.50 0.00C 0.0000

14.10 70.50 0.50 0.0676

14.40 72.00 1.00 0.1351

14.58 72.90 1.50 0.2027

14.90 74.50 2.00 0.2703

15.12 75.60 2.50 0.3378

15.45 77.25 3.00 0.4054

15.75 78.75 3.50 0.4730

16.30 81.50 4.00 0.5405

17.00 85.00 4.50 0.6081

18.00 90.00 5.00 0.6757

19.50 97.50 5.50 0.7432

21.95 109.75 6.00 0.8108

25.60 128.00 6.50 0.8784

35.00 175.00 7.00 0.9459

7.40 1.0000




T-1997 Run No. 47 126
Adsorption Gas Temperature 10 9¢
Concentration, Co 2000 ppm.

3 Sample Weight 13 gms.
Gas Flow Rate 67.04  .cm?/min.
Chart Speed 0.2 -
Area Under -
Adsorption Curve 132.45 it Maximum Concentraticn
Height, Equivalent 7.35
to Co “~Yin.
Chayt Lengtn Chart Length (miny) Concentration Height Concentration Height c
(inches) Chart Speed k (inches) Max. Concentration Height (33
13.00 65.00 0.00 0.0000
13.48 67.40 0.50 0.0680
13.58 67.90 1.00 0.1361
13.85 69.25 1.50 0.2041
13.98 69.90 2.00 0.2721
14.35 70.75 2.50 0.3401
14.35 71.75 3.00 0.4082
14.65 73.25 3.50 0.4762
15.05 75.25 4.00 0.5442
15.60 78.00 4.50 0.6122
16.55 82.75 5.00 0.6803
17.80 89.00 5.50 0.7483
20.20 101.00 6.00 0.8163
23.80 119.00 6.50 0.8844
32.80 164.00 7.00 0.9524
7.35 1.0000




T-1997

Adsorption Gas

Concentration, Co

Gas Flow Rate

Area Under

Adsorption Curve

1000 ppm.

107.55 ;2

_§z;gg___cm§/min.

Run No. 48

Temperature

Sample Weight

Chart Speed

127

Maximum Concentration
Height, Equivalent

to Co

10 O¢
13 gms.
0.2

3.5 in.

Chart Length

Chart Length

(minl)

Concentration Height

TConcentration Height

C
(7

{inches) Chart Speed (inches) Max Concentration Height
21.00 105.00 0.00 0.0000
23.00 115.00 0.50 0.1429
23.95 119.75 1.00 0.2857
25.00 125.00 1.50 0.4286
27.00 135.00 2.00 0.5714
32.00 160.00 2.50 0.7143
43.10 215.50 3.00 0.8571
00 360.00 3.40 0.97143

72.




T-1997 Run No. 50 128

Adsorption Gas 1000 Temperature 10 9
Concentration, Co "~ - ppm.
—_— . 13
3, . Sample Weight gms.
Gas Flow Rate 67.04  cm?/min. .
Chart Speed _0.2 .
Area Under .
Adsorption Curve  105.80. i Maximum Concentration
Height, Equivalent
to Co 3.54n.
Chart Length Chart Length (min) Concentration Height “Concentration Height C
(inches) Chart Speed k (inches) Max Concentration Height (EE
20.00 - 100.00 0.00 _ 0.0000
22.35 111.75 0.50 0.1429
23.40 117.00 1.00 0.2857
24.42 122.10 1.50 0.4286
26.20 131.00 2.00 0.5714
30.20 151.00 2.50 ' 0.7143
42.00 210.00 3.00 0.8571
61.00 305.00 3.40 0.97143




T-1997

Adsorption Gas
Concentration, Co

Gas Flow Rate

Area Under
Adsorption Curve

1000 pom.

128.07 ;£

67.04 cm3/min.

Run No. 5!

Temperature

Sample Weight

Chart Speed

Maximum Concentration
Height, Equivalent

to Co

129
10 O¢
13 gms.
n.2
3.5 n.

Chart Length

Chart Length

(min)

Concentration Height

Concentration Height

C
t (75

(inches) Thart Speed (inches) Max Concentration Heigh
29.00 145.00 0.00 0.0000
30.50 152.50 0.50 0.1429
31.00 155.00 1.00- 0.2857
32.00 160.00 1.50 0.4286
33.60 168.00 2.00 0.5714
36.95 184.75 2,50 0.7143
47.20 236.00 3.00 0.8571

<




T-1997
Adsorption Gas
Concentration, Co 1000
Gas Flow Rate 67.04
Area Under |

Adsorption Curve

133.25 .

Run No.

ppm.

cm?/min.

iﬁ%

52

130
Temperature 25 9
Sample Weight __le_gms.
Chart Speed 0.1

Maximum Concentration
Height, Equivalent
to Co

3.8

in.

Chart Length

Chart Length

(min))

Concentration Height

“Concentration Height

c
t (7

{inches) Chart Speed_ (inches) Max. Concentration Heigh
8.50 85.00 0.00 0.0000
9.35 93.50 0.50 0.1316
10.00 100.00 1.00 0.2632
10.70 107.00 1.50 0.3947
11.40 114.00 2.00 0.5263
12.80 128.00 2.50 0.6579
16.30 163.00 3.00 0.7895
29.00 290.00 3.50 0.9211
56.00 560.00 3.70 0.9736




T-1997 Run No. _53 131
Adsorption Gas Temperature 25 Oc
Concentration, Co 1000 - ppm.

3 Sample Weight 13 gms.
Gas Flow Rate 67.04 cm?/min.
Chart Speed - 0.7 -
Area Under 56.35 .
Adsorption Curve : . 1#% Maximum Concentration
Height, Equivalent
to Co 3.5  jn,
Chart Length Chart Length (min)} Concentration Height .Concentration Height (c .
(inches) Chart Speed * {inches) Max. Concentration Height ‘¥g:
10.50 . 105.00 0.00 0.0000
11.65 116.50 0.50 0.1429
12.50 125.00 1.00 0.2857
13.15 131.50 1.50 0.4286
13.85 . 138.50 2.00 0.5714
15.40 154.00 2.50 0.7143
19.70 197.00 3.00 0.8571
42.00 420.00 3.40 0.97143




T-1997 Run No. 55 132 '
Adsorption Gas Temperature 25 OS¢
Concentration, Co 1000 ppm.

3 Sample Weight 13 gms.
Gas Flow Rate 67.04 cmy/min.
Chart Speed _ 0.1 4n./min.
Area Under 57.70 )
Adsorption Curve - in Maximum Concentration
Height, Equivalent
to Co 3.5  jn,
Chart Length Chart Length (min) Concentration Height Concentration Height c
(inches) Chart Speed i {inches) Max. Concentration Height (33
12.00 120.00 0.00 0.0000
13.45 134.50 0.50 0.1429
14.15 141.50 1.00 0.2857
14.70 147.00 1.50 0.4286
15.80 158.00 2.00 0.5714
18.00 180.00 2.50 0.7143
25.00 250.00 ' 3.00 0.8571
34.40 344.00 3.20 0.91429




T“1997 Run No. 133
Adsorption Gas Temperature 25 O¢
Concentration, Co 2000 - ppm,
3 Sample Weight 13 gms.
Gas Flow Rate 67.04  cm?/min.
Chart Speed 0.2 in./min.
Area Under
Adsorption Curve 133.25 . i Maximum Concentration
Height, Equivalent
to Co 7.5 in,
Chart Length Chart Length (min) Concentration Height “Concentration Height (c
(inches) art Spee : (inches) Max. Concentration Height ‘Tg
12.00 60.00 0.00 0.0000
12.65 63.75 0.50 0.0667
12.90 64.50 1.00 0.1333
13.20 66.00 1.50 0.2000
13.50 . 67.50 2.00 0.2667
13.80 - '69.00 2.50 0.3333
14.10 70.50 3.00 0.4000
14.40 72.00 3.50 0.4667
14.90 74.50 4.00 0.5333
15.50 77.50 4.50 0.6000
16.40 82.00 5.00 0.6667
17.60 88.00 5.50 0.7333
19.95 99.75 6.00 0.8000
23.50 117.50 6.50 0.8667
31.80 159.00 7.00 0.9333
43.00 215.00 7.40 0.9867




HIRTHOR CARES Lilkfrd
COLORADO SCHOQL of MINES
COTDER COTORADO 80408

T-1997 Run No. _57 134
Adsorption Gas Temperature 25 Oc
Concentration, Co _ 2000 -  ppm.
3 Sample Weight 13 gms.
Gas Flow Rate 67.04 cm?/min.
Chart Speed 0.2 in./min.
Area Under .
Adsorption Curve 118.55. 1 Maximum Concentration
Height, Equivalent
to Co 7.4 4p,
Chart Length Chart Length (min) Concentration Height Concentration Height [
(inches) Chart Speed i (inches) Max. Concentration Height £§§
11.50 57.50 0.00 0.0000
11.90 53.50 0.50 0.0676
12.10 60.50 1.00 0.1351
12.29 61.45 1.50 0.2027
12.38 61.90 2.00 0.2703
12.68 63.40 2.50 0.3373
12.93 64.65 3.00 0.4054
13.10 65.50 3.50 0.4730
13.60 68.00 4.00 0.5405
14.20 71.00 4.50 . 0.6081
15.08 75.40 5.00 0.6757
16.22 81.10 5.50 0.7432
18.10 90.50 6.00 0.8108
21.50 107.50 6.50 0.8784
29.80 149.00 7.00 0.9459
39.90 199.50 7.30 0.9865




T-1997

Run No.

58

135

Adsorption Gas Temperature 25 Oc¢
Concentration, Co 2000 - ppm.
3 Sample Weight 13 gms.

Gas Flow Rate 67.04 cm?/min.

Chart Speed _ 0.2 ir./min.
Area Under :
Adsorption Curve 137.75 . i Maximum Concentration

Height, Equivalent

to Co 7.7 in.

Chart Length Chart Length (min) Concentration Height “Concentration Height C

(inches) TChart Speed " - (inches) Max Concentration Height (£5
12.00 . 60.00 0.00 0.0000
12.74 63.70 0.50 '0.0649
13.20 66.00 1.00 0.1299
13.70 68.50 1.50 0.1948
14.04 70.20 2.00 0.2597
14.37 71.85 2.50 0.3247
14.65 73.25 3.00 0.3896
15.00 75.00 3.50 0.4545
15.38 76.90 4.00 0.5195
15.90 79.50 4.50 0.5844
16.65 83.25 5.00 0.6494
17.81 89.05 5.50 0.7143
19.46 97.30 6.00 0.7792
22.30 111.50 6.50 0.8442
27.80 "139.00 7.00 0.9091
40.00 200.00 7.50 0.9740
52.00 260.00 7.67 0.9961




T-1997
Adsorption Gas
Concentration, Co 3000 ppm.
Gas Flow Rate 67.04  cm3/min.
Area Under
Adsorption Curve 67.75 . ik

Run No. 59

136
Temperature 25 O¢
Sample Weight 13 gms.
Chart Speed _ 0.2
Maximum Concentration
Height, Equivalent
to Co 4.7 jn.

Chart Length Chart Length

{min)

Concentration Height

Concentration Height

C
(T

(inches) art Spee (inches) Max Concentration Height
9.50 47.50 0.00 0.0000
10.30 51.50 0.50 0.1064
10.80 54.00 1.00 0.2128
11.23 56.15 1.50 0.3191
11.60 58.00 2.00 0.4255
12.170 60.50 2.50 0.5319
12.80 64.00 3.00 0.6383
14.37 71.85 3.50 0.7447
18.25 91.25 '4.00 0.8511
34.20 171.00 4.50 0.9574
57.00 285.00 4.70 1.0000




T-1997

Adsorption Gas

Concentration, Co

Gas Flow Rate

Area Under

Adsorption Curve

3000 ppm.

56.92 " i/

67.04 -cm3/min.

Run No. 60

Temperature

Sample Weight

Chart Speed

137

25

13
0.2

O¢

gms.

Maximum Concentration
Height, Equivalent

to Co

4.6

in.

Chart Length

Chart Length

(min.)

Concentration Height

Concentration Height

c .
(F5

(inches) art Spee (inches) Max. Concentration Height
8.00 40.00 0.00 0.0000
8.80 44.00 0.50 0.1087
9.34 46.70 1.00 0.2175
9.70 48.50 1.50 0.3261

10.06 50.30 2.00 0.4348
10.56 52.80 2.50 0.5435
11.45 57.25 3.00 0.6522
13.15 65.75 3.50 0.7609
17.28 86.40 4.00 0.8696
34.60 173.00 4.50 0.9783
44.70 223.50 4.60 1.0000




T-1997 Run No. _61 138

Adsorption Gas Temperature 25 Oc
Concentration, Co 3000 ppm.
3 Sample Weight _13 gms.

Gas Flow Rate 67.04 cm?/min.

Chart Speed 0.2
Area Under
Adsorption Curve 69.75 . i&% Maximum Concentration

Height, Equivalent

to Co 4.6 qn.

Chart Length Chart Length (min) Concentration Height ~Concentration Height (c .

(inches) Chart Speed * (inches) Max Concentration Height ‘Tg:
8.50 . 42.50 0.00 0.0000
9.28 46.40 0.50 0.1087
9.50 47.50 1.00 0.2175
9.77 48.85 1.50 0.3261
10.10 50.50 2.00 0.4348
10.53 52.65 2.50 0.5435
11.65 58.25 3.00 0.6522
13.46 67.30 3.50 0.7609
18.85 94.25 4.00 0.8696
40.00 200.00 4.50 0.9783

57.00 285.00 4.60 1.0000




T-1997

Adsorption Gas
Concentration, Co

Gas Flow Rate

Area Under

Adsorption Curve

5000
67.04

69.75 .

ppm.

it

cm?/min.

Run No.

62

Temperature
Sample Weight
Chart Speed

139

25

13

gms.

0.2

Maximum Concentration
Height, Equivalent

to Co

7.7

in.

Chart Length

Chart Length

(miny

Concentration Height

Concentration Height

C
t (75

(inches) Chart Speed (inches) Max Concentration Heigh
6.00 30.00 0.00 0.0000
6.60 33.00 0.50 0.0649
6.90 34.50 1.00 0.1299
7.10 35.50 1.50 0.1948
7.32 36.60 2.00 0.2597
7.50 37.50 2.50 0.3247
7.68" 38.40 3.00 0.3896
7.83 39.15 3.50 0.4545
8.04 40.20 4.00 0.5195
8.33 41.65 4.50 0.5844
8.70 43.50 5.00 0.6494
9.20 46.00 5.50 0.7143

10. 60 53.00 6.00 0.7792

11.37 56.85 6.50 0.8442

14.50 72.50 7.00 0.9091

23.00 115.00 7.50 0.9740

25.50 127.50 7.60 0.98701




T-1997 Run No. 63 ‘140

Adsorption Gas Temperature 25 °c
Concentration, Co 5000 ppm.
3 Sample Weight 13 gms.
Gas Flow Rate 67.04  cm?/min.
Chart Speed 0.2
Area Under
Adsorption Curve 76.15 . ira Maximum Concentration
Height, Equivalent
to Co _7.9 in.
Chart Length Chart Length (minl Concentration Height Concentration Height C
(inches) Chart Speed ' (inches) Max. Concentration Height (ZZQ
5.50 : 27.50 0.00 0.0000
6.20 31.00 0.50 0.0633
6.50 32.50 1.00 0.1266
6.72 33.75 1.50 0.1899
6.90 34.50 2.00 0.2532
7.08 35.40 2.50 0.3165
7.21 36.905 3.00 0.3797
7.38 36.90 3.50 0.4430
7.59 37.95 4.00 0.5063
7.86 39.30 4.50 0.5696
8.23 41.15 5.00 0.6329
8.79 43.95 5.50 0.6962
9.64 48.20 6.00 0.7595
9.95 - 54.75 6.50 0.8228
13.50 67.50 7.00 0.8861
20.10 100.50 7.50 0.9494
32.50 162.50 7.80 0.98734




T-1997 Run No. 64 141
Adsorption Gas Temperature 25 °c
Concentration, Co 5000 ppm.

- Sample Weight 13 gms.
Gas Flow Rate 67.04  cm?/min.
Chart Speed __ 0.2
Area Under 69.07
Adsorption Curve T iﬁ% Maximum Concentration
Height, Equivalent
to Co 7.8  in.
Chart Length ' Chart Length (min.) Concentration Height Concentration Height c .
(inches) Chart Speed_ ) (inches) Max_Concentration Height (fg.
5.45 - 27.25 0.00 0.0000
5.80 29.00 0.50 0.0641
6.02 30.10 1.00 0.1282
6.19 30.95 1.50 0.1923
6.30 31.50 2.00 0.2564
6.41 32.05 2.50 0.3205
6.54 32.70 3.00 0.3846
6.70 33.50 3.50 0.4487
6.90 34.50 4.00 0.5128
7.18 35.90 4.50 0.5769
7.54 37.70 5.00 0.6410
8.08 40.40 5.50 0.7051
8.80 44.00 6.00 0.7692
9.90 49.50 6.50 0.8333
12.60 63.00 7.00 0.8974
20.30 101.50 7.50 0.9615
2900 . 145.00 7.70 0.9872




T-1997

Run No. 65 142
Adsorption Gas Temperature 25 O¢
Concentration, Co 7000 ppm. - 13
Gas Flow Rate _67.04 _ cm3/min. i:mp1eswe1jht ___::Efmi-
art Spee 0.
ﬁgggrgg?gz Curve 105.10 . iﬁ% Ma§imum Concentration
tg1ggt, Equivalent 5.7 5
Ch?:gcﬁzggth Chg;g tength (min)i Concentration Height Concentratioq Height (g_
Chart Speed {inches) Max Concentration Height ‘g

11.00 . 22.00 0.00 0.0000

12.48 24.96 0.50 0.0877

13.25 26.50 1.00 0.1754

13.38 26.76 1.50 0.2632

14.49 28.98 2.00 0.3509

15.05 30.10 2.50 0.4386

15.75 31.50 3.00 0.5263

16.70 33.40 3.50 0.6140

18.20 36.40 4.00 0.7018

21.00 42.00 4.50 0.7895

26.00 52.00 5.00 0.8772

43.90 87.80 5.50 0.9649

49.40 . 98.80 5.60 0.9825




T-1997

Adsorption Gas

Concentration, Co

Gas Flow Rate

Area Under

Adsorption Curve

7000

105.10

ppm.
67.04 cm?/min.

i

Run No.

66

Temperature
Sample Weight

Chart Speed

143
25 o
13 gms.
n.s

Maximum Concentration

Height, Equivalent
to Co

5.7

in.

Ch?gt Length Chart Length (min) Concentfation Height Concentratioq Height (c
nches) Chart Speed (inches) Max. Concentration Height ‘g

8.10 16.20 0.00 0.0000

9.88 19.76 0.50 0.0877

10.80 21.60 1.00 0.1754

11.80 23.60 1.50 0.2632

12.60 25.20 2.00 0.3509

13.42 26.87 2.50 0.4386

14.40 28.80 3.00 0.5263

15.55 31.10 3.50 0.6140

17.21 34.42 4.00 0.7018

20.20 40.40 4.50 0.7895

26.50 53.00 5.00 0.8772

47.00 94.00 5.50 0.9649

62.00 124.00 5.59 0.9807




T-1997

Run No. 67 144
Adsorption Gas Temperature 25 O¢
Concentration, Co 7000 ppm.
3 Sample Weight 13 gms.
Gas Flow Rate 67.04 cm?/min.
Chart Speed n.s
Area Under I
Adsorption Curve 108.77. i Maximum Concentration
Height, Equivalent 5.60
to Co CYin.
Chart Length Chart Length (min) Concentration Height Concentration Height [
(inches) Chart Speed ) (inches) Max. Concentraticn Height (EB
10.4 20.80 0.00 0.0000
11.55 23.10 0.50 0.0893
12.10 24.20 1.00 0.1786
12.53 25.06 1.50 0.2679
12.94 25.88 2.00 0.3571
13.36 26.72 2.50 0.4464
13.97 27.94 3.00 0.5357
14.76 29.52 3.50 0.6250
16.15 32.30 4.00 0.7142
18.55 37.10 4.50 0.8036
24.10 48.20 5.00 0.8929
48.85 97.70 5.50 0.9821
55.00 110.00 5.60 1.0000

——




145

T-1997 Run No. 68
Adsorption Gas 10000 Temperature 25 ©¢
Concentration, Co ppm.
o Sample Weight 13 gms.
Gas Flow Rate 67.04  cm3/min. -
Chart Speed __ 0.5
:gigrg2?§; Curve 108.25 iﬁ% Maximum Concentration
Height, Equivalent
to Co 8.2 in.
Ch?rt Length _ Chart Length (min) Concentfation Height 'Concentration Height (c
inches) Thart Speed (inches) Max. Concentration Height ‘%%
10.50 : 21.00 0.00 0.0000
11.07 22.14 0.50 0.0610
11.31 22.62 1.00 0.1220
11.59 23.18 1.50 0.1829
11.82 23.64 2.00 0.2439
12.06 24.12 2.50 0.3049
12.32 24.64 3.00 0.3659
12.60 25.20 3.50 0.4268
12.93 25.86 4.00 0.4878
13.34 26.68 4.50 0.5488
13.90 27.80 5.00 0.6098
14.70 29.40 5.50 0.6707
15.95 31.90 6.00 0.7317
17.60 35.20 6.50 0.7927
21.05 43.00 7.00 0.8537
28.00 56.00 ° 7.50 0.9146
48.00 96.00 8.00 0.9759
62.90 125.80 8.19 0.9988




Run No. _69 146
Adsorption Gas Temperature 25 OS¢
Concentration, Co 10000  ppm.
3 Sample Weight _13 ams.
Gas Flow Rate 67.04  cm?/min.
Chart Speed __ 0.5
Area Under 5
Adsorption Curve _58.40 . i/ Maximum Concentration
Height, Equivalent
to Co 8.2 in.
Chart Lergth Chart Length (min) Concentration Height Concentration Height (c
(inches) Chart Speed ) (inches) Max Concentration Height ‘fg
8.50 17.00 0.00 0.0000
8.98 17.96 0.50 0.0610
9.24 18.48 1.00 0.1220
9.41 18.82 1.50 0.1829
9.58 19.16 2.00 0.2439
9.74 19.48 2.50 0.3049
9.92 19.84 3.00 0.3659
10.17 20.34 3.50 0.4268
10.45 20.90 4.00 0.4878
10.85 21.70 4.50 0.5488
11.36 22.72 5.00 0.6098
12.09 24.18 5.50 0.6707
13.18 26.36 6.00 0.7317
14.80 29.60 6.50 0.7927
16.10 32.20 7.00 0.8537
21.72 43.44 7.50 0.9146
34.00 68.00 8.00 0.9756
53.90 107.80 8.18 0.9976




T-1997

Run No. 70

147
Adsorption Gas T 0
Concentration, Co 10,000 ppm. emperature —25 %
Sar i 13
Gas Flow Rate 67.04 cm?/min. ample Height —=3ms:
h 0.5
Area Under Chart Speed
Adsorption Curve 133.37 ir& Maximum Concentration
Height, Equivalent
to Co 8.2in.
Ch?{t Length Chart Length (min.) Concentration Height Concentration Height C
inches) art Spee (inches) Max Concentration Height £§§
9.6 19.20 0.00 0.0000
10.39 20.78 0.50 0.0610
10.51 21.02 1.00 0.1220
10.80 21.60 1.50 0.1829
10.97 21.94 2.00 0.2439
11.15 22.30 2.50 0.3049
11.31 22.60 3.00 0.3659
11.55 23.10 3.50 0.4268
11.86 23.72 4.00 0.4878
12.24 24.48 4.50 0.5488
12.75 25.50 5.00 0.6098
13.45 26.90 5.50 0.6707
14.53 29.06 6.00 0.7317
16.06 32.12 6.50 0.7927
19.01 38.02 7.00 0.8537
25.00 50.00 7.50 0.9146
41.62 83.24 8.00 0.9756
46.75 93.50 8.05 0.3877




Adsorption Gas
Concentration, Co 10000

Gas Flow Rate 67.04

Area Under
Adsorption Curve 118.00

ppm.

cm?/min.

in.

Run No.

7

Temperature

Sample Weight

Chart Speed

148

60

Maximum Concentration

Height, Equivalent
g

to Co

¢
13 gms.
0.5
8.2

in.

Chart Length

Chart Length

minl)

Concentration Heignt

Concentration Height

Ko
A

(inches) art Spee (inches) Max. Concentration Height
9.00 18.00 0.00 0.0000
9.78 19.56 0.50 0.0610

10.08 20.16 1.00 0.1220
10.35 20.70 1.50 0.1829
10.62 21.24 2.00 0.2439
10.87 21.74 2.50 0.3049
11.04 22.08 3.00 0.3659
11.38 22.76 3.50 0.4268
11.65 23.30 4.00 0.4878
12.00 24.00 4.50 0.5488
12.45 24.90 5.00 0.6098
13.10 26.20 5.50 0.6707
14.10 28.20 6.00 0.7317
15.80 31.60 6.50 0.7927
18.44 36.88 7.00 0.8537
23.10 46.20 7.50 0.9146
36.80 73.60 8.00 0.9756
50.50 101.00 8.20 1.0000




T-1997 Run No. 72 149

Adsorption Gas Temperature 60 ¢
Concentration, Co 10000 ppm.
., Sample Weight 13 gms.
Gas Flow Rate 67.04 cm>/min.
Chart Speed 0.5

Area Under
Adsorption Curve 100.85 £ Maximum Concentration

Height, Equivalent

to Co 8.0 in.
Cha(t Length | Chart Length (min) Concentfation Height Concentratioq Hejght (c
(inches) Chart Speed . (inches) Max. Concentration Height ‘%9
7.50 : 15.00 0.00 0.0000
8.48 16.96 0.50 0.0625
8.82 17.64 1.00 0.1250
9.13 18.26 1.50 0.1875
9.38 18.76 2.00 0.2500
9.53 19.06 2.50 0.3125
9.88 19.76 3.00 0.3750
10.18 20. 36 3.50 0.4375
10.50 21.00 4.00 0.5000
10.96 21.92 4.50 0.5625
11.50 23.00 5.00 0.6250
12.24 24.48 5.50 0.6875
13.25 26.50 6.00 0.7500
14.70 29.40 6.50 0.8125
17.21 34.42 7.00 0.8750
21.34 42.68 7.50 0.9375
34.90 69.80 7.90 0.9875
% n




T-1997

Adsorption Gas

Concentration, Co 10000
Gas Flow Rate 67.04

Area Under

Adsorption Curve 108.09

i

ppm.

cm?/min.

Run No.

73

Temperature
Sample Weight
Chart Speed

150

60 O¢

13 gms.

0.5

Maximum Concentration

Height, Equivalent
to Co

8.1

in.

Chaft Length Chart Length (min) Concentfation Height Concentratiop Height (G
{inches) Chart Speed (inches) Max. Concentration Height ‘Ig
8.90 : 17.80 0.00 0.0000
9.39 18.78 0.50 0.0617
9.62 19.24 1.00 0.1235
9.72 19.44 1.50 0.1852
10.04 20.08 2.00 0.2469
10.21 20.42 2.50 0.308¢€
10.35 20.70 3.00 0.3704

10.54 21.08 3.50 0.4321
10.75 21.50 4.00 0.4938
11.09 22.18 4.50 0.5556
11.46 22.92 5.00. 0.6173
12.08 24.16 5.50 0.6790
12.89 25.78 6.00 0.7407
14.41 28.82 6.50 0.8025
17.08 34.16 7.00 0.8642
22.00 44.00 7.50 0.9259
41.95 83.90 8.08 0.9975




Run No. _7& 151
Adsorption Gas Temperature 60 Oc
Concentration, Co 10000 ppm.
3 Sample Weight 13 gms.
Gas Flow Rate 67.04 cm?/min.
Chart Speed N.5
Area Under
Adsorption Curve 83.00 ik Maximum Concentration
Height, Equivalent 8.0
to Co Y oin.
Chart Length Chart Length (min.) Concentration Height Concentration Height c
(inches) art Spee i (inches) Max. Concentration Height (EE
6.80 13.60 0.00 0.0000
7.04 14.08 0.50 0.0625
7.11 14.22 1.00 0.1250
7.19 14.38 1.50 0.1875
7.27 14.54 2.00 0.2500
7.38 14.76 2.50 0.3125
7.49 14.98 3.00 0.3750
7.65 15.30 3.50 0.4375
7.90 15.80 4.00 0.5000
8.22 16.44 4.50 0.5625
8.55 17.10 5.00 0.6250
9.30 18.60 5.50 0.6875
10.28 20.56 6.00 0.7500
11.83 23.66 6.50 0.8125
14.29 28.58 7.00 0.8750
20.53 41.06 7.50 0.9375
37.85 75.70 7.90 0.9875




T-1997

Adsorption Gas
Concentration, Co

Gas Flow Rate

Area Under
Adsorption Curve

75.40

7000
67.05

ppm.

cm?/min.

it

Run No.

75

Temperature

Sample Weight

Chart Speed

Maximum Concentration
Height, Equivalent

to Co

5.5

in.

Chart Length

Chart Length

(min.)

Concentration Height

Concentration Height

C
(75

(inches) Chart Speed {inches) Max_Concentration Height
7.70 15.40 0.000 0.0000
8.70 17.40 0.50 0.0909
9.46 18.92 1.00 0.1818
10.170 20.20 1.50 0.2727
10.70 21.40 2.00 0.3636
11.29 22.58 2.50 0.4545
11.92 23.84 3.00 0.5455
12.82 25.64 3.50 0.6364
14.32 28.64 4.00 0.7273
16.90 33.80 4.50 0.8182
22.10 44.20 5.00 0.9091
37.00 74.00 5.45 0.9909




Adsorption Gas
Concentration, Co

Gas Flow Rate

Area Under

Adsorption Curve

Run No.
7000 ppm.
67.04  cm/min.
75.80 . irf

76

Temperature

Sample Weight

Chart Speed

153

60 O¢

13 gms.

0.5

Maximum Concentration
Height, Equivalent

to Co

5.

5

in.

Chart Length

Chart Length

(min)l Concen

tration Height

Concentration Height

C
o)

(inches) Chart Speed _ (inches) Max Concentration Height
8.20 16.40 0.00 0.0000
9.22 18.44 0.50 0.0909
9.95 19.90 1.00 0.1818
10.62 21.24 1.50 0.2727
11.07 - 22.14 2.00 0.3636
11.76 23.52 2.50 0.4545
12.40 24.80 3.00 0.5455
13.33 26.66 3.50 0.6364
14.50 29.00 4.00 0.7273
16.66 33.32 4.50 0.8182
20.25 40.50 5.00 0.9091
29.70 59.40 5.50 1.0000




T-1997 Run No. 77 154
Adsorption Gas Temperature 60 °c
Concentration, Co 7000 ppm.

3 Sample Weight 13 ams.
Gas Flow Rate 67.04  cm?/min.
Chart Speed 0.5
Area Under 2
Adsorption Curve 95.70 . irf Maximum Concentration
Height, Equivalent
to Co 5.6 in.
Chart Length Chart Length (min) Concentration Height Toncentration Height c
(inches) Chart Speed * (inches) Max. Concentration Height (EB
10.00 20.00 0.00 0.0000
11.11 22.22 0.50 0.0893
11.80 23.60 1.00 0.1786
12.30 24.60 1.50 0.2679
12.72 25.44 2.00 0.3571
13.15 26.30 2.50 0.4464
13.65 27.30 3.00 0.5357
14.59 29.18 3.50 0.6250
16.00 32.00 4.00 0.7143
18.80 37.60 4.50 0.8036
23.60 47.20 5.00 0.8929
39.00 78.00 5.50 0.9821
48.00 96.00 5.60 1.0000




Run No. _78 155
Adsorption Gas Temperature 60 Oc
Concentration, Co 5000 ppm.
3 Sample Weight 13 gms.
Gas Flow Rate 67.04 cmy/min,
Chart Speed 0.2
Area Under ‘
Adsorption Curve _60.76 . ‘nz Maximum Concentration
Height, Egquivalent
to Co 7.9 4n.
Chart Length Chart Length (min) Concentration Height' Concentration Height c
(inches) art Spee - (inches) Max Concentration Height (2,'3
3.60 18.00 0.00 0.0000
4.18 20.90 0.50 0.0633
4.42 22.10 1.00 0.1266
4.60 23.00 1.50 0.1899
4.78 23.90 2.00 0.2532
4.96 24.80 2.50 ¢.3165
5.13 25.65 3.00 Y 0.3797
5.33 26.65 3.50 0.4430
5.56 27.80 4.00 0.5063
5.86 29.30 4.50 0.5696
6.25 31.25 5.00 0.6329
6.80 34.00 5.50 0.6962
7.60 38.00 6.00 0.7595
9.00 45.00 6.50 0.8228
11.75 58.75 7.00 0.8861
19.40 97.00 7.50 0.9494
39.64 198.20 7.80 0.9873




T-1997

Adsorption Gas

Concentration, Co 5000

Gas rlow Rate

Area Under

Adsorption Curve

ppm.
67.04 cm?/mih.
59.19 .2

Run No. 79

Temperature

Sample Weight

Chart Speed

156

60

13

0.2

gms .

Maximum Concentration
Height, Equivalent

to Co

8.2

in.

Chart Length

Chart Length

{min)

Concentration Height

Concentration Height

C
(75

(inches) Chart Speed {inches) Max. Concentration Height
3.70 18.50 0.00 0.0000
3.95 19.75 0.50 0.0610
4.04 20.20 1.00 0.1220
4.20 21.00 1.50 0.1829
4.30 21.50 2.00 0.2439
4.40 22.00 2.50 0.3049
4.50 22.50 3.00 0.3659
4.64 23.20 3.50 0.4268
4.80 24.00 4.00 0.4878
5.04 25.20 4.50 0.5488
5.35 26.75 5.00 0.6098
5.80 29.00 5.50 0.6707
6.50 32.50 6.00 0.7317
7.55 37.75 6.50 0.7927
9.60 48.00 7.00 0.8537

14.10 70.50 7.50 0.9146
25.80 129.00 8.00 0.9756
40.50 202.50 8.15 0.9939




80

T-1997 Run No. 157
Adsorption Gas Temperature 60 9¢
Concentration, Co 5000 ppm.

Sample Weight 13 gms.
Gas Flow Rate 67.04  cm3/min. ’ -
Chart Speed 0.2
Area Under 7 -
Adsorption Curve 3.20 iﬂ% Maximum Concentration
Height, Egquivalent
to Co 8.0 n.
Cha(t Length Chart Length (min.) Concentration Height Concentration Height C
(inches) Chart Speed (inches) Max Concentration Height (35
4.60 23.00 0.00 0.0000
5.17 25.85 0.50 0.0625
5.42 27.10 1.00 0.1250
5.64 28.20 1.50 0.1875
5.87 29.35 2.00 0.2500
6.09 30.45 2.50 0.3125
6.19 30.95 3.00 0.3750
6.50 32.50 3.50 0.4375
6.75 33.75 4.00 0.5000
7.06 35.30 4.50 0.5625
7.44 37.20 5.00 0.6250
7.96 39.80 5.50 0.6875
8.73 43.65 6.00 0.7500
10.25 51.25 6.50 0.8125
12.90 64.50 7.00 0.8750
17.60 88.00 7.50 0.9375
35.00 175.00 7.85 0.9813




T-1997

Adsorption Gas

Concentration, Co

Gas Flow Rate

Area Under

Adsorption Curve

3000 pom.
67.04 cm?/min
57.52 i

Run No. 81

Temperature

Sample Weight

Chart Speed

158
60

¢

13 gms.

n

~o.

Maximum Concentration
Height, Equivalent

to Co

4.6

Z

in.

Chart Length

Chart Length

min.)

Concentration Height

Concentration Height

C
(75

{inches) Chart Speed_ (inches) Max_Concentration Height
7.27 36.35 0.00 0.0000
8.11 40.55 0.50 0.1087
8.64 43.20 1.00 0.2174
9.15 45.75 1.50 0.3261
9.66 48. 30 2.00 0.4348

10.36 51.80 2.50 0.5435
11.44 57.20 3.00 0.6522
13.25 66.25 3.50 0.7609
17.26 86.30 4.00 0.8696
37.00 185.00 4.50 0.9783
52.50 262.50 4.58 0.9957




T-1997 Run No. _82 159
Adsorption Gas Temperature 60 ¢
Concentration, Co 3000 ppm. . 13

3 Sample Weight gms.
Gas Flow Rate 67.04 cm?/min.
Chart Speed _n.2
Area Under
Adsorption Curve 66.68 . ﬂ% Maximum Concentration
Height, Equivalent 4.6
to Co . in.
Chart Length Chart Length (min.) Concentration Height Concentration Height (c
(inches) Chart Speed = (inches) Max Concentration Height ‘Tg
9.80 49.00 0.00 0.0000
10.80 54.00 0.50 0.1087
11.38 56.90 1.00 0.2174
12.02 60.10 1.50 0.3261
12.49 62.45 2.00 0.4348
13.08 65.40 2.50 0.5435
14.00 70.00 3.00 0.6522
15.60 78.00 3.50 0.7609
18.96 94.80 4.00 0.8696
30.10 150.50 4.50 0.9783




T-1997

Adsorption Gas

Concentration, Co

Gas Flow Rate

Area Under

Adsorption Curve

3000

67.04

49.41

ppm.

cm?/min.

Run No. 83

Temperature

Sample Weight

Chart Speed

160

60 Oc

13 gms.

Maximum Concentration
Height, Equivalent

to Co

4.6

in.

Chart Length

Chart Length 4

min.)

Concentration Height

Concentration Height

(&

(inches) art Spee (inches) Max Concentration Height
6.60 33.00 0.00 0.0000
7.04 35.20 0.50 0.1087
7.32 36.60 1.00 0.2174
7.50 37.50 1.50 0.3261
7.77 38.85 2.00 0.4348
8.25 " 41.25 2.50 0.5435
9.00 45.00 3.00 0.6522

10.50 52.50 3.50 0.7609

14.00 70.00 4.00 0.8696

32.80 164.00 4 .50 0.9783

50.10 250.50 4.58 0.9957




Adsorption Gas
Concentration, Co

Gas Flow Rate

Area Under
Adsorpticn Curve

2000 ppm.
67.04  cm3/min.
117,32 ik

Run No. 84

Temperature

Sample Weight

Chart Speed

Maximum Concentration
Height, Equivalent

to Co

7.2 5n.

Chart Length

Chart Length

in.)

Concentration Height

“Concentration Height

C
(75

(inches) Chart Speed_ (inches) Max_Concentration Height
8.11 40.55 0.00 0.0000
9.05 45.25 0.50 0.0694
9.75 48.75 1.00 0.1389

10.32 51.60 1.50 0.2083

10.80 54.00 2.00 0.2778

11.18 55.90 2.50 0.3472

11.58 57.90 3.00 0.4167

12.00 60.00 3.50 0.4861

12.55 62.75 4.00 i 0.5556

13.26 66.30 4.50 0.6250

14.25 71.20 5.00 0.6944

15.95 79.75 5.50 0.7639

18.60 93.00 6.00 0.8333

24.40 122.00 6.50 0.9028

43.00 215.00 7.00 0.9722

56.00 280.00 7.18 0.9972




T-1897

Adsorption Gas

Concentration, Co

Gas Flow Rate

Area Under

Adsorption Curve

67.04

2000

110.65

ppm.

i

cm?/min.

Run No. 85

Temperature

Sampie Weight

Chart Speed

162

60 O¢

13 gms.

9.2

Maximum Concentration
Height, Equivalent

to Co

7.4

in.

Chart Length

Chart Length

{min.)

Concentration Height

Concentration Height

3
t (75

{inches) Chart Speed (inches) Max Concentration Heigh
8.50 42.50 0.00 0.0000
9.30 46.50 0.50 0.0676
9.83 49.15 1.00 0.135]

10.24 51.20 1.50 0.2027
10.68 53.40 2.00 0.2703
11.08 55.40 2.50 0.3378
11.50 57.50 3.00 0.4054
11.95 59.75 3.50 0.4730
12.45 62.25 4.00 0.5405
13.13 65.65 4.50 0.6081
14.06 70.30 5.00 0.6757
15.44 77.20 5.50 0.7432
17.60 88.00 6.00 0.8108
21.50 107.50 6.50 0.8784
30.00 150.00 7.00 0.9459
44.10 220.50 7.30 0.9865




163

Run No. 86
Adsorption Gas Temperature 60 ©Oc
Concentration, Co 2000  ppm,
3 Sample Weight 13 gms.
Gas Flow Rate 67.04 cm?/min.
Chart Speed 0.2
Area Under
Adsorption Curve ]04'80. iﬁ% Maximum Concentration
Height, Equivalent 2
to Co __j&__in.
Chart Length Chart Length (min.) Concentration Height Concentration Height (c
(inches) art Speed” - (inches) Max Concentration Height ‘fp
10.00 50.00 0.00 0.0000
10.55 52.75 0.50 0.0694
10.85 54.25 1.00 0.1383
11.08 55.40 1.50 0.2083
11.28 56.40 2.00 0.2778
11.55 57.75 2.50 0.3472
11.82 59.10 3.00 0.4167
12.15 60.75 3.50 0.4861
12.55 62.75 4.00 0.5556
13.20 66.00 4.50 0.6250
14.18 70.90 5.00 0.6944
15.35 76.75 5.50 0.7639
17.42 87.10 6.00 0.8333
21.07 105.35 6.50 0.9028
28.35 141.75 7.00 0.9722
34.00 170.00 7.12 0.9889




T-1997 Rvun No. 87 164
Adsorption Gas Temperature 60 °c
Concentration, Co 2000 ppm.

3 Sample Weight __13 gms.

Gas Flow Rate 67.04 cmy/min.

Chart Speed _ 0.2
Area Under
Adsorption Curve 129.83 . irﬁ Maximum Concentration

Height, Equivalent

to Co 7.25in.

Chart Length Chart Length (min.) Concentration Height Concentration Height (c

(inches) Chart Speed X (inches) Max Concentraticn Height ‘¥
12.50 : 62.50 0.00 0.0000
13.34 66.70 0.50 0.0690
13.78 68.90 1.00 0.1379
14.15 70.75 1.50 0.2069
14.50 72.50 2.00 0.2759
14.85 74.25 2.50 0.3448
15.22 76.10 3.00 0.4138
15.60 78.00 3.50 0.4828
16.14 80.70 4.00 0.5517
16.87 84.35 4.50 0.6207
17.84 89.20 5.00 0.6897
19.20 96.00 5.50 0.7586
21.75 108.75 6.00 0.8276
25.55 127.75 6.50 0.8966
34.30 171.50 7.00 0.9655
40.00 200.00 7.20 0.9931




T-1997 Run No. 88 165
Adsorption Gas Temperature 60 ©Oc
Concentration, Co 1000 ppm. )
3 Sample Weight 13 gms.
Gas Flow Rate 67.04 cm?/min.
Chart Speed _n.2
Area Under
Adsorption Curve 106.13 iﬂ% Maximum Concentration
Height, Equivalent 3.45
to Co 7Y 9n,
Chart Length Chart Length (min) Concentration Height Concentration Height C
(inches) Chart Speed i (inches) Max Concentration Height (§§
21.50 107.50 0.00 0.0000
23.05 115.25 0.50 0.1449
24.50 122.50 1.00 0.2899
25.90 129.50 1.50 0.4348
27.85 139.25 2.00 0.5797
32.40 162.00 2.50 0.7246
39.82 199.10 3.00 0.8696
53.20 266.00 3.30 0.9565




T-1997 Run No. 89 166

Adsorption Gas 1000 Temperature 60 O¢
Concentration, Co 0 ppm. 13
Sample Weight gms.
Gas Flow Rate 67.04 cm?/min.
Chart Speed 8.2
Area Under
Adsorption Curve 93.80 iﬂ% Maximum Concentration
Height, Equivalent
to Co 3.2 jn.
Chart Length Chart Length (min.) Concentration Height Concentration Height
(inches) Chart Speed 5 (inches) Max. Concentration Height (Z‘
18.50 : 92.50 0.00 0.0000
21.00 105.00 0.50 0.1563
23.25 116.25 1.00 0.3125
25.80 129.00 1.50 0.4688
28.40 142.00 2.00 0.6250
33.80 169.00 2.50 0.7813
46.30 231.50 3.00 0.9375
48.70 243.50 3.05 0.9531
54.00 270.00 3.10 0.9688




T-1997

Adsorption Gas
Concentration, Co

Gas Flow Rate

Area Under

Adsorption Curve

1000 ppm.
67.04  cm3/min.
110.55 ;2

Run No. 90

Temperature

Sample Weight

Chart Speed

167

60

¢

13

gms.

0.2

Maximum Concentration
Height, Equivalent

to Co

3.45

in.

Chart Length

Chart Length

{min.l)

Concentration Height

Concentration Height

"
(75

(inches) Chart Speed (inches) Max Concentration Height
20.10 100.50 0.00 0.0000
22.75 113.75 0.50 0.1449
24.25 121.25 1.00 0.2899
26.00 130.00 1.50 0.4348
28.40 142.00 2.00 0.5797
32.60 163.00 2.50 0.7246
46.00 230.00 3.00 0.8696
62.00 310.00 3.35 0.9710




