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USE OF ADSORBELTS IN NATURAL GAS ANALYSIS.
IHTRODUCTION

The separetion of the members of the parrafin
series in the analysis of natural gas presents many dif-
ficulties. Chemical methods are of negligible value
because of the close series relationship of the compounds.
Combustion methods are fairly satisfactory for determining
e mixture of two hydrocarbons, and theoretically can be
used to determine a ternary mixture, but in the latter
case 1t is impossible to attain an accuracy of any useful
significance, Ffactional combustion is of limited value:
it permits the determination of Hy, CH4, and CoHg, but
cannot separate the higher hydrocarbons. The ﬁse of
physical properties; such as density, viscosity, and op-

tical constants is glso limited to the determination of

1)’
a mixture of two gases.

The only methods of analysis in this field capable
of making comprehensive and accurate determinations have
depended upon some physical method of isolating the consti-

tuents and measuring them separately. Fractional distil-

lations making use of the differences in boiling point

1) Seibert and Harpster: Interferometer in Hatural
Gas Analysis. U.3. Bureau of Mines, Tech. paper
185 (1918).



between the members of the paraffin series require the

- use of temperatures low enough to liguefy the compounds
to be separated. This suggests the advantageous pro-
cedure of employing temperatures at which the vapor
pressures in question are very smail, since the ratio
between ﬁhe vapor pressures of the successive paraffins
increases as the pressures sare reduced, increasing the
degree of fractionation possible. In this manner Lebeau

and Damiens fractionated natural gas into groups of

1)
two compounds, using single distillastions. later Burrell2

empléyed low temperatures obtained with liguid air to )
make analytical separations of natural geas into constit-
uents as high as butane, making multiple distillations
-with recombination of fresctions., His method was very
slow,brequiring as much as a week of pumping with s
Toepler pump. Shepherd and Porters) improved Burrell's
procedure in point of speed, reducing the pumping neces=-
sery by meking distillations between three bulbs in series.
Phrough the use of an evacuated apparatus entirely of
glass with mercury filled gas lines they were able to

separate natural gas with three distillations into

(CEy, Ny, H), CgHg, CgHg, CgHgs CyHyo and higher fraction

1) Lebeau snd Demiens: Compt. Rend. 156,325 (1913)

2) Burrell & Seibert; JsA.Cese 36,1537 (1914) :
Burrell & Robertson; J.Ind. & Eng.Chem., 7,209 (1915)

%) Shepherd & Porter; J.Ind. & Eng.Chem. 15,1143 (1923)



t0 an accuracy of approximately 0.1%.

Shepherd and Porter's procedure would leave
little to be desired had it not three serious defects
from the standpoint of practical applicetion. It re-
quires an accurate control of rather widely separated
temperatures in the neighborhood of the boiling point
of liguid air. It moreover recguires extreme care in
manipulation and in making cuts to secure the accuracy
stated above., Winally, the separation extends only to
butane, whereas in the very important spplicetion of
such analyses to testing natural ges for recoverable
gasoline the percentages of the still heavier compounds
are of great interest.

As Jo L. Hutchinson, working in this laboratory
in 1925, applied the effect of selective adsorption to
the problem of natural gas enalysis. One of the most
noticeable characteristics of the adsorption of gases
on solid adsorbents is the fact tuat different gases are
adsorbed to different extents. In general, and with the
major exception of hydrogen, & gas is the more strongly
bound to the adsorbent tne higher its boiling point.

The relation between degree of adsorption and critical
temperature is even more exact and of deeper theoretical

significance. Thus the paraffin hydrocarbons are adsorbed



in the ordér of their boiling points, which increase
with the molecular weight as the series 1s ascended;
in other words, at & given equilibrium preésure and
temperature & greater guantity will be retained in
the ddsorbed state in the case of a heavier parsaffin
compound than of a lighter one.

Hutchinson proceeded to test the separations
ettaingble by distillation from activated charcoel at
each of an ascending series of temperatures. A4 sample
of natursel gas was adsorbed on charcoel and put into
communication with & bulb surrounded with liguid air
for s period of several hours. The distillate cor-
responding to each tempsrature of the charcoal was
separately measured and snalysed by combustion.

On the basis of these experiments Hutchinson
found a series of temperatures at each of which the
lightest compound adsorbed on the charcoal, the still
lighter compounds heving been already removed, came
over completely, leaving the heavier compounds in their
entirety on the charcoal. At least this wsgs the indi-
cation of his combustion analyses of the fractions. The
conclusion drawn was that at the selected temperatures
the ratio between the partial pressure of the lightest
member present and that of the next higher is so large

that the pressure of the former can become high enough



to produce flow sway Irom the charcoal without danger
of sppreciable contamination with the more gtrongly
adsorbed compounds.

The anelytic procedﬁre employing these
empirically determined temperatures was briefly as

follows: 0O, and Cozkwere removed and measured by means

2
of KOH and pyrogallol sbsorption pipettes. The semple
was then 1iquefied at the tempersture of liquid air
and methane pumped off with a Toepler pump. The re-
mainder was adsorbed on charcoal at liguid air tempera-
ture and the succeeding cuts made as described above,
starting with the ethane distillation at 450 and ending
with pentane at 230°, Higher temperatures caused
cracking,'so thatzcompoundsAheavier than pentane could
not be drswn off intact but were estimated By subtraction.
The accuracy of the method of combustion
enalyeis to determine the purity of the fractiones taken
off ig rather questionabie, and inasmuch as Hutchinson
did not work with pure hydrocarbons or known mixtﬁres,
thnere is sonme uncertainty as to just now accurate tne
method is. The research on the Stendard 0il Co. Fellow-
snip at the California Institute of Technodogy during
the past year nas been directed toward a more thoro
invesgtigaticn of the method of analysis aad toward am

improvement of the apparatus and proceedure. Ia particular,

n

a study n

©

»s been made of the propertiss of silica gel

with o view to substituting it for cuarcoal 28 tihe adsorbent.



EXPERINVENTAL INVESTIGATIONS

The experimental work has been concerned with a study
of some of the basic principals underlying tﬂe method of
analysis. The results are not complete in themselves, and
additional experimental data will be required before the re-
sults can be applied in a general way to the proceedure of
analysis. However, we have been able to suggest a number
of improvements in the analytical apparatus and proceedure,
and these will be found in the concluding section of this
paper.

two

The experiments are divided into &hwee groups; ad-
sorption of pure hydrocarbons; sdserptien—of—as—mixbuse—al
ydpressmbons; and rate of flow measurements.

Lpparatus.

The apparatus used in all of our work is shown in
chart #I. It is a modification of Hutchinson's original
apparatus, embodying bulb #3, filled with silica gel, and
bulb #4,‘empty, in addition to bulbs #1 and #2 of the orig-
inal set-up. All of the bulbs except #2, are provided with
large bore manometers a meter in length. Gas samples may
be admitted to ény one of the bulbs, and may be transferred
from one to another. Bulbs #3 and #4 may be placed in com-
munication thru the mercury cut-off. A Toepler pump is used
to pump out fractions of gas and return them to the burette
for measurement, and a Hyvag pump may &lso be used to evac-
uate the aﬁparatuslwhen the gas which it contains is to be

discarded. The tubing connecting the bulbs is hetween 5 and
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8 mm. internal diameter. The mercury cut-off is 199 cm. in
length, with anaverage internal diameter of 5.96 mm.

Temperature control around the bulbs was maintained
by surrounding them with baths of paraffin, water, or alcohol,
which were mechanically stirred. The paraffin bath was in
an electrically heated container. A rheostat control made
it possible to maintain fairly constant any temperature
from 60° to 240°. Temperatures from 0° to 90° could be
maintained with a water bath in a Dewar flask, In order to
hold the temperatures above 30° constant, & smell resistance
element was immersed in the water. Between=110° and 00, a
bath of chilled alcohol was used. With this arrangement the
temperature would not change more than 4° in an hour at the
lower temperatures. By adding a little colder alcohol from
time to time, the temperature could be kept within 0.5° of
any desired value.

The thermometers used above 0° were standardized
against a Bureau of Standards thermometer up to 600, and
against the boiling points of water and aniline, For the
lower temperatures a toluene thermometer was used which was
calibrated by comparison with a standard mercury thermome-
terat -20°, and with the melting points of chlor-benzene and
ammonia, and the boiling point of ethane.

Pressures below 100 mm. were read to 0.1 mm. with a
Ieitz microscope cathetometer, Higher pressures were read

on meter sticks attached to the manometers.
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laterials.

The silica gel used in the research was prepared es-
sentially according to the proceedure of Holmes, letecalf, and
Sullivan, (Ind. and Bng. Chem., 18, 388, Apr. 1926.) except
that after adding the specified amount of ferric chloride
solution to the sodium silicate, the solution was quite acid
and no gel formed until the acidity was reduced by means of
ammonia. The final product was crushed and screened be-
tween 10 and 20 mesh screens. By welghing the gel dry and
agéin when saturated with water, it was possible to deter-
mine the pore volume. The porosity found in this way was
63% of the volume of the gel. The same sample of gel was

used throughout the experiments described in this paper.-

Bofore making qd:u‘,‘f.h-.

rmogsoresonts ? +ie gct
Its welght was 26 grams after moderate ignition.*~vv§ff~5§e'b 3¢

h eatins foabest ve® A
vec vy for cev

The charcoal used in the research was commercial ac- ~¢***
tivated charcoal. The adsorption bulb has been filled with
the same sample in all of the experiments; the weight of the
charcoal has not yet been determined.

Bthane and g:ﬁ:%% were prepared by treating ethyl and
isopropyl bromides, mixed with alcohol, with a magnesium=-
copper couple. Trey were purified by washing with fuming
sulphyric acid, potassium permanganate solution, and sodilum
hydroxide sclution, and were distilled several times. Butane
was obtained by fractionating casing-head gasoline, and
isopentane from ordinary gascline. The vapor pressures of

the four hydrocarbons in the vicinity of the boiling points

were measured, and by drawing off successive fractions and
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observing the change in the vapor pressure the boiling
point range could be estimated. 1In this way the hoiling

points were found to he as follows:

Jydrocarbon B,P, range ALverage I,P.

Ltnhane about 2° {used to calibrate therm.)
Propane about 2° -43.0 -

Butane -

Isopentane 0.1° 27.99

Incidentelly, there does not appear to be in the literature
any record of a determination of the vapor pressure curve

of isopentane. Consequently it appeared worth while for us
to determine as accurately as possible the vapor pressure of
our sample at seversl tenperatuwres., The messurements wers
rade in bulb #4 of the apparatus. 4 mercury thermometer
which had just been calibrated by comparison with a Bureéu

of 3tandards thermometer was used to measure the temperatures.
The following values were obtained. Each value is a mean

of several readings.

Tesmperature FPressure Temperature Pressure
-21.0 93,3 10.0 387.¢
10.0 163.0 19.1 552

0.0 256.8

Pressures are in milimeters of mercury at 0°. This data
will be found plotted logarithmically against the reciprocel
of the absolute temperature on chart IX.

ur experiences in our attempts at a synthetic prepara-
tion of ethane, propane, and butane lead us to believe that
any of these hydrocarbons can better be ohtained by purifi-

cation of the naturally occurring products.

..y-



[

Ldsorption lieasurememts.

The adsorption of ethane on silica gel has been measured
between -100° and 160°, and between 1 mm. and 800 mm. The
- proceedure adopted was to measure a quantity of the gas into
.the apparafus and draw it into the silica bulb by applying
a liquid air temperature. The bulb was then closed off, and
readings off the pressures were made at various temperaturesy,
senerally 20° apart. leasurements below 0° were made by
placing the cold vath around the warm bulb; allowing the al-
cohol to warm up as 1t would, and following the pressure un-
t1i1l it became a minimum, at which point the temperaturs was
read, The minimum pressure must necessarily be the squili-
brium pressure corresponding to t he temperature of the ad-
sorbent; the only error involved 1s in the assumption that
the adsorbent is at the same temperature as the bath. The
rate of change of temperature of the bath was slow enough
so that errors from this source could not be very great.

FPor readings above 00, the same method was sometimes used,
or else the temperature was held constant until the pressure
became constant., A half hour was generally sufficient for
this.

Funs of this sort were nade with 15 different quanti-
ties of ethane. IZach run was plotted separately, and smooth
curves were drawn through the points. These curves do not
have any fundamental significance, because the quantity of
gas actually adsorbed is not constant throughout the run.

In order to correct for the unadsorbed portion of the
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gag, o measured quantity of helium, which is practically
unadsorbed, was adnitted to the bulb and the pressure read,
Wiith this data the corrections could easily be made. The
“intercepts of the curves with the various temperature ordin-
ates were next read off, and the corresponding adsorbed vol-
umes calculated., The isothernal data obtained in this way
will be found in the appended tables. When the isotherms
are plotted, 1t is pessible to read off the intercepts with
various volume lines, and from this data to plot isosters
corresponding to the original data but corrected for the un=-
adsorbed portion of the gas., Some of these isosters will be
found plotted in chart II as log p against %, where T is the
absolute temperature, The points up to 80 ec. are seen to
correapond quite closely to a series of parallel straight
lines, which furthermore are spaced logarithmically with
respect to the volume. This makes it possible to represent
the data by an equation of the form

log p=2a ¢+ b log v - %
Upon avaluating the constants the equation becomes

log p = 4.555 + 1.181 log v - }_%9.‘?.
The full lines drawn on the graph fit this equation. The
deviations along the 1 cc. isoster are probably due to ex-
perimental errors in the measurements of the small quanti-
ties, while the deviations near the upper ends of some of
the lines may bte accounted for by the uncertainty in meking
large corrections for unadsorbed volume., The fair agree=

ment of the data with such a simple earation over such a
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wide range of consdditions is quite remarkable. Tt will be
seen from thermodynamic considerations that the constant

-¢ (1298 in this case) is numerically equal to the heat of
adsorption times lﬂ%_i » .2188., Thus the heat of adsorption
of ethane on silica under the conditions investigated is
1298 + .2188 = 5933 calories per mol,

In measuring the adsorption of ethane on charcoal,
successive quantities of ethane were run on while tne temp-
erature was kept approximately constant. Small differences
of temperature between successive readings were corrscted
for after determining approxinately the temperature coeffi=-
cient. 1In making adsorptlon measurements with charcoal, it
was found necessary to allow 12 to 24 hours for equilibrium
to be attained. The data with the volumes corrected for the
unadsorbed portion of the gas is included in the appended
tables, and the isotherms will be found plotted logarithmi-
cally on chart III. The data can be represented fairly well
by an equation of the same form as was applied to the adsorp-
tion of ethane on silica., ihen the constants are evaluated,
the equation is

log p = 3.86 ¢ 1.18 log v =~ l%zg

The lines on the chart are drawn in accordance with this
equation.

A limited amount of data was collected on the adsorp-
tion of propane on silica, the proceedure being similar to

that used in the case of ethane on ch&rcoal. The data will
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be found in the tables and plotted logarithmically on chart
IV, The previous t&pe of adsorption equation does not it
this data quite as well as the date for ethane; nevertheless
average values of the constants of the equation were deter-
mined giving the equation

log p = 4.69 + 1.40 log v - 2500,
Lines calculated from this equation are plotted on the graph.

In ‘the measuremnent of the adsorption of propane on
charcoal, the quantities of gas in the bulb were kept con-
atant while the temperature was varied. The corrections for
unadsorbed gas were always small, and after the relationship
between the volume adsorbed and the pressure had been approx-
imately determined, the pressures were corrected to correspond
to & constant adsorbed volume for each run. The original
data will be found in the tables, and the corrected isosters
are plotted on chart V. as log p against %.

The lines drawn on the graph fit the equation

log p = 4.08 + 1,40 log v - E%_%Q .
It 1s an interesting fact that in the case of both ethane
and propane, the constant b (coefficient of log v) is the
same whether the gas is adsorbed on silica. or charcoal,

The adsorption of butane on silica was measuréd be=
tween 6° and 60°, and the results are shown graphically on
chart VI, It will be seen that the slope of the log iso-
therms (corresponding to the constant b of the adsorption
equation) is fairly constant at a constant temperature, but

decreases with rise of temperature, Thé values of the con-

stants of the adsorption eqration are given on the chart fop

-g_



varioais ranges of temperature.

Investigations of the adsorption of butane by silica
have also been carried out by Patrick and Long. (J. Phys.

- Chem. 29, 1925, 336.) For the purposes of comparisons we
have shown on chart VII the log isotherms for 0° and 40°

as determined by Patrick and Long, and also as we have deter-
mined them. The gel which they were using had a slightly
higher adsorptive capacity than ours, and also shows a some-
what smaller value of the constant b of the adsorption
equation, indicated by the fact that slope of the lines is
less,

The data for isopentane on silica gel is sven less
adaptable to the simple adsorptlon equation, for not only
does the coefficient b change but also the quantity c.
Values of the constants for the temperature intervals in-
vestigated are given along with a plot of the data on chart
VIII. }

A comprehensive discussion of adsorption equations and
a complete bibliography of the subject will be found in a
paper by Swan and Urquhart in the Journal of Phys. Chem.,
31, 1927, 251.

Rate of Flow lMeasurements.

Rate of flow measurements were made by thoroly evac-
uating the apparatus, admitting a measured sample of the
gas into the silica bulb, applying liquid air to bulb #4,
and fhen opening the mercury cut-off. After the gas had
been allowed to flow for a measured length of time, the

cut-off was closed, ‘bulb #4 was surrounded with water at

Tﬁ-
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20°, and the pressure which resulted was measured. By meas-
uring the pressure produced in the bulb by a known volume of
gas, a factor was obtained by which the pressures could be
converted to volumes.

When the flow is interrupted, the adsorbed gas will
have an opportunity to f£ill the connecting tubes and free
spaces8 of the bulb at the equilibrium pressure.of the gas,
and upon opening the cut-off again, the initial rate of
flow would be too high. Hence, in order to avoid an error
due to the interruption of the flow, when the equilibrium
pressure was appreciable, the gas was run back on to the ad-
sorbent after measurement and successively longer intervals
of time were gllowed for the flow. When the equilibrium
pressure is very low, that is when the rate of flow is less
than 0.2 c¢¢ per minute, this precaution was found to be un-
necessary. Measurements were made with butane at QO and
with isopentane at 19.1° and 29,1°. The data is included
in the tables, and will be found plotted on charts X, XI,
ahd XII.

If we assume that the rate at which the gas comes over
is determined by the rate at which the gas under equilibrium
pressure can make its way up thru the body of the gel, then
conditions of hydrodynamic flow would prevail and the rate
would be proportional to the smjuare of the pressure, or, since
the equilibrium pressure is proportional to vb, where v is
the volume of gas adsorbed and b is the coefficient of log v
in the adsorption equation, the rate of flow would be given
by

-0~



- dv = kvzbo
dt

If, on the other hand, the flow were determined by the rate
at which the gas could pass thru the connecting tubes, the
pressure in the connecting tubes would be so low for the
rates experimentally determined that the mean free path of
the molecules would be greater than the diameter of the tube
and the flaw would be proportional to the first power of
the pressure. I1f the squilibrium pressure were maintained
in the bulb, the rate would be given by

“g_‘é:kvb.

The data is not sufficient to determine very accurately

the coefficient of b in the exponent of v, but its value is

- undoubtedly very close to 2. The best values that could be

obtained were 1.9 for butane at 0°, 1.9 for isopentane at
199, and 2.2 for isopentane at 29°., Assuming the constant
to be 2,0, curves have been drawn on the charts, and it is

seen that they fit the experimental data reasonably well.

By extrapolating the isopentane adsorption isothermas

of chart VII down to a volume of 3cc., which was the average
quantity of isopentane veapor on the gel when the rate of

flow measurements were made, it is found that the ratio of

tﬁe pressure at 29.1° to the pressure at 19.1° is 2.,12. If
the rate of flow is really determined by the equilibrium pres-
sure of the gas on the gel, then the rate at 29.1° should be
(2.12f30r 4,5 times the rate at 19.10, The increase in the
velocity of the thermal agitation of the molecules at the

higher temperature would also come in to increase the ratio,

..?g.-



and should bring it up to 4.6. The ratio of the rate con-
stants as determined experimentally is :%%%%%7 = 4,23,

a very satisfactory check with the theoretical value. From
the data available it is not possible to make comparisons of
the fiow of butane and isopentane with sufficient accuracy
to be of any significance.

The rate of flow equatlons make it pw sible to calcu-
late the time which will be required at any temperature for
any volume of a pure gas to be drawn over. For instance, by
integrating the eguation for isopentane at 29,1°, we obtain

#ﬁ‘;112.00140{ffj

For the case that all but a small fraction of the sample 1is

drawn off,jf21is negligible compared tojZzand we may write

JV/2:'2.:_

the time required to draw off all but 0.1 cc. is 66,000 min-

.00240% (That is, we may set vy=z o00) In this case,

utes or 1100 hours. The time required at 19.1° would be
1100 times 4.23 (the ratio of the rate constants) or

46,500 hours. At 50° the time would be approximately 60
hours; at 70° about 3 hours. These calculations of course
involve the assumption that the same equation holds over all
conditions. The extrapolstion to time intervals of the
order of 100 to 1000 hours is axite likely not justifiable,
but there is no evident reason why the equation should not
hold for small values of v if the temperature is high enough
so that the pressure does not become extremely small. The

rate of flow measrements present an attractive field for

further investigations.,
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The rate of flow data may be applied to the analytical
proceedure by deciding arbitrarily on & time interval which
will be allowed for drawing off a fraction and also deter-
mining arbitrarily how much of a fraction will be allowed
to remain behind. With the help of the rate of flow equa-
tions it then will be possitle to calculate the temperature
which must be used to remove the gas within the limits al-
lowed. If other gases are present on the adsorbent at the
same time, the rate of flow will, of course, not he the
same, but the difference will be in the direction to in-
sure a more complete removal of the fraction. This is be-
cause the presence of one adsorbed gas hinders the adsorption
of another, or in other words increases the equilibrium
pressure of the other. This fact is born out by the experi-
ments of several investigators; in particular Homfray. (Z.
fur Phys. Chem., 74, 136-143) A measurement which we have
made on a mixture of butane and isopentane also verifies the
fact. A quantity of butane adsorbed alone on the silice
produced a pressure of 7.6 mm., another quantitv of isopen-
tane gave a pressure of 1.1 mm. When the two samples were
put on together, the pressure was 10.7 mnm,

Before the conditims and the efficiency of a separa-
tion can be fully determined, it will be necessary to know
how much of a higher fraction of a mixture will come over
when a lower fraction is being removed. Additional data
will be necessary before this can be calculated with any cer-
tainty. It is possible with the help of the data obtained

thus far, however, to make some qualitative observations on

-;g&



lg.

the separatim of butane and isopentane, Let us assume that
a gas sample of 100 cc¢. is used, and that it is desired in
the separation of each hydrocarbon to leave not more than
0.1 cc; of that hydrocarbon behind. The time necessary to
remove butane at 0° down to the volume v is given by

i%:} .00163t. Substituting v = 0.1, t = 49,000 min. = 810
hours, Taking the constant ¢ of the butane adsorption
equation to be 1690, the increase of the equilibrium pressure
for 10° rise in temperature in the vicinity of 20° is 1.56
fold. The increase of the rate of flow should be (1.56)% =
2.5 fold. 1In order for the butane to be drawn over in a
space of one hour, which we will take arbitrarily as the
standard time interval, a btemperature somewhere in the
vicinity of 60° would be required. The total gmount of
pentane (isopentane + normal pentane) in a 100 cc. sample
would not likely exceed 3cc. But if we assume that 3 cc.

of isopentane are present and assume that it would come over
Just as tho the other gases were not present, we should ex-
pect that at least 2.7 cc. would be removed along with the
butane, At first sight this seems hopeless., There is a re-
deeming feature, however, in the fact that if the gas is ad~
mitted at the bottom of the bulb and is forced to rise up
through the adsorbent tefore escaping, as is the case in

the apparatus of Hutchinson, and if the pressure is kept

low at all times, the gas will undergo a fractionation as it
passes thru the gel and the gquantity of the higher constitu-
ent coming over will be greatly reduced, although probably
not to a negligible gantity. Furthermore, if the fraction

-~
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which has been drawn over is run thru another adsorption
bulb and fractionated again, much less of the diminished
volume of pentane will come over with the butane. The ap-
paratus proposed in the concluding section of this paper
has two silica bulbs to provide for this sort of refraction-
ation. Additional experimentdl work needs to be done in
order to determine more accurately just how much of the
higher fraction will come over when a lower fraction is
being removed. |

If the accuracy requirements are reduced, the separa-
tion becomes much easier. If we allow a residue of 0.3 cc.
of butane to remain on the bulb, a temperature of 45° will
suffice to remove it, and the quantity of pentane coming
over would consequently be considerably reduced. In general
it appears that the method of analysis is not suitable for
work of a high degree of accuracy. Its value lies in the
fact that it is a simple and rapid method of making analyses

with a moderate degree of precision,
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RECOIMENDATICHS REGARDING THE HETHM OF ANALYSIS.

In considering the advisability of substituting sil-
jca gel for charcoal as an adsorbent in the analysis of
natural gas, the first consideratiocn that arises is how
the efficiency of the separations obtained would compare
in the two cases. Data is not available which would enable
a calculation of how much of a heavier member of the par-
affin series would come over when a lighter fraction is
being removed, but there is 1little doubt that the ratio of
the equilibrium pressures of two hydrocarbons could at
least be used as an approximate measi re of the sharpness
of their separation. The adsorption equations of ethane
and propane on silica and charcoal give us an opportunitr
to calculate the ratio of the pressures of these two gases.
Let a3, by, and cy; be the constants of the adsorption equa-
tion for ethane on silica, and a5, bo, and ¢g be the corres-
ponding constants for propane. The adsorption equation
logp=2a +blogv - % may be rewritten in the form
p = 10%x V* xyo ks The ratio of the pressures of samples
of ethane and propane on silica is then K- /f;%flz g’ﬁ:{o -i';t
If we consider the case where the volumes are equal, andTl

. s - ¢ - o =
consider the temperatures to be equal, R = T, ',‘;-O‘ZT:‘-*__,O ,/7; 1«'24

X/o

If we let primed letters refer to ethane and propane on T
R’ wil oy elo .
charcoal , K70 v e T Ffor the case of the volumes
R . oC 392 - 470 © Bel . @18
being equal,® * /9 X /0 7F T =A/rxw7} = It is seen

from this that at the same temperature the ratio of the

-)Q&
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ethane pressure to bhe propane pressure has a2 higher wvalue
for charcoal than for silica. However, it must be born in
mind that the temperatures at which separations would be
made would not be the same. For instance, if ethane and
propane were to be separated by the use of silice gel, the
temperature would be in the vicinity of =70° or 203° Abs.
The removal of ethane from charcoal is carried out at 450
or 313° ibs., Substituting these values,ﬂ-=A/é'x/a/¥77z‘€:'g7f
Hence it is seen that from the standpoint of the ratio of
pressures, there is not much choice between silica and char-
coal.

How the charcoal would behave regarding rates of flow
énd how the separations would be effected thereby, is yet
to be determined. Charcoal has the disadvantage that it is
necessary to go to quite higﬁ temperatures, which are dif-
ficult to control accurately, in order to remove butane and
pentane, and higher fractions cannot be removed without de-
composition. On the other hand, a separation of ethane
from propane by means of silica. would require very low tem=-
peratures, which are also difficult to control. The best
plan seems to be to develop a proceedure using both adsorbents.
This can be done with an apparatus constructed as shown in
chart XIII. It includes six bulbs in series, as follows:
1, empty; 2, silica gel; 3, silica gel; 4 charcoal; 5, emptys;,
6, empty bulb for determining quentities of gas by measurement
the pressure. A gas sample may be passed thru all of the
bulbs in series, or it may be by-passed around the charcoal

bulb or all of the adsorption bulbs. The apparatus may be
-N-
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amplified by the addition of more silica and charcoal bulbs
for the;purpbse of more accurate separatiuns. The gg;;a are
connected by means of mercury cut-offs instead of stopcocks.
'Stopcocks are apt to become partly clogged with grease, in
which case the rate of flow conditions would be altered, aﬁd
the grease also appreciably absorbs the heavier hydrocarbons,
The tubing connecting the bulbs should be at least 8 mm in-

‘ avercisble
ternal diameter in order that it may not offer anyjresistance
to the flow of the gases during separations. The adsorption
bulbs must be arranged with a view to eliminating unnecessary
resistance to the flow, for the more rapid the flow which can
be dbtained, the lower will be the temperatures which may be
used far the separations, and hence the sharper will be the
cuts. In the interest of reducing resistance, it would prob-
ably be better ﬁo use a coarser gel, for a 10 to 20 mesh
gel packs down so as to make it quite-difficult for the gas
to rise from the bottom of the bulb. If the particles are
too large, then the time for the gas to flow out of the
interior of the gel particles will ¢ ause difficulty. We

would suggest trying a gel of 5 to 10 mesh particles.

The adsorption equations allow us to calculate the
effect of the size of the sample on the efficiency, provided
that we sssume the ratio of the pressures of two hydrocarbons
is a measure of the shérpness of the separation. If we
consider equal guantities of two hydrocarbons to be adsorbed
on‘the gel at the same temperature, the ratio of the equilib-

ﬁ- - V bl"bm

rium pressures will be given by: p If the subscript

2 refers to the higher h&%ﬁ%carbon, then tne guantity btl-bg
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will be negative in value for a mixture of any of the sub-
stances wnich we have investigated. Consequgntly the smaller
the value of v, the larger will be the ratic of the rzreessures,
“However cxcebt in the case of o wmixture of ethene and Propene,
the differénce iﬁ the values of b would be small, and tne
ratio of the pressures would not be affected very much by

tie size of the sezwple. Furtnerwore, the use of a smaller
sameple would require applylag higner tem_eratures to dreaw

ff the same fraction of the total amount of eazcn hydrocsrion,
and tuals would tend to counteract any advantage gained
from the first coasideratione.(The fracticnation wita the
use off adsorbents is affected by the temperature in the

came way as ordinary fractionations.) Apparently the choice
cf the size of the semple should he made with reference to
convenience in measuring. We would suggest 100 cc,, instead

of a sample of 500 - 166C cc., as used by Hutchninson. This
would require only one reading of the burette for the mese-
urement of the sample, and one reading to measure the methane,
Farkhermore, the time required to pump off the methane would
be materially reduced. The mesasurement of the higher frac-
tions which are present in small amounts can be made as
accurately as desired by drawing them by means of liguid
air temperature into bulb #6 of the proposed apparatus and
measuring the pressure. If the volume of the bulb is made
about 76 cc., a pressure of Imm, will corres_ond to a vol-

ume of 0.1 cc.
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Until the proposed analytical apparatus is actually
set up and tried out, it will not be possible to determine
fully the analytical proceedure, We can, howevér, outline
it in a general way as folioﬁs: ‘The apparatus is thor-
oughly evacuated, and & liquid air flask is placed around
bulb #1. The.line to the Toepler pump thru bulb #5 is
- opened, all other cut-offs being closed, when the sample
is measured in. The methane and lighter gases may be pumped
off quantitatively by the Toepler pump and run back to the
burette for measurement.The sample is then run in to the
first silica bulb., The cut-off snould not te opened before
the liquid air is removed from the first bulb. Otherwise,
if the pressure becomes more than a few millimeters before
the cut-off is opened, the sudden rush of gas will cause
the sample to distribute itself evenly thruout the silica
bulb and the advantage of a fractionation as the ges
rises slowly thru the adsorbent under low pressure will be
lost. This same precaution should be observed whenever the
sample is transfered from one bulb to another,

The ethane, propane, and butane are removed to
the second silica bulb by surrounding it with liquid air
and maintaining the first silica bulb at a temperature, to
be determined leter, somewhere in the vieinity of room
temperature. One hour should be allowed for the separation
of the fractions., The first fraction is then drawn off a
second time, in this case to the charcoal bulb, where the
three gaées are separated. The higher members of the series

are separated by means of the silica, two succecgive
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fye!

fractiocnations being made in escn case. In all caseg, the
final fractions are collected in bulb #5, and then trans-
fered to bulb #6, where the pressuresat 20° are read. The
standard volume of'each fraction can be caléulateﬁ from

the pressure,

The experimentsel work described in this paper
vas made possible by a grant from the Standard Cil Comp-
any of California, to vhom we are very grateful., Especial
thanks is also tendered to Dr. Robert Millikan and to
A.J.L. Hutchinson for the advise and assistance given in

the resesarch,
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1. Adsorption of ethane on silice gels
Press., Total vol, Vol.ads.,  Press. Totel vel., Vol.ads,

-100¢ ‘ ~400

2.0 183, 2 182.8 1.8 10.5 0.2
3.1 2574 226.9 2.1 15.0 14,7
S 22.5 2l.9

5.3 35,4 S e d

-90° Dol 49,7 48,3

8.9 74,4 71l.&

4o 163.2 152.6 30.0 105.0 106.4
7.0 227.4 2265 60,0 183.2 153.9

108 227.4 210,6
180 318 386

1.4 74,4 24,2 -300
2.1 105.0 104.6
8,2 163.2 161.8 0.22 2.2 2.2
14,5 287.,4 224,9 1.6 7.4 7.8
d 2.4 10.5 10.1
3.2 15.0 14,5
-7 00 5,2 Tee.5 21.6
- 3.2 33,2 21.8
1.0 49,7 49,5 15,7 49,7 49,4
2,8 4,4 73.9 32,0 4.4 £9.6
5.2 105.0 104.1 47 105.0 97.¢
14,3 15w.? 161.8 97 183.2 148, 5
25.0 82%.4 293,0 158 29%.4 203,22
250 318 2973

-500

¢
o
L)

o

1.7 25e 2 o2. 9
2.8 B9.7 49.2 « 36 2.2 2.1
5.3 74,4 T3.5 1.0 3.8 e
10.2 108.6 103.3 1.2 4, 4.3
24.0 183,72 169,32 2e5 7.4 7.0
44,0 227.4 220.2 K 16,5 2.9
5.8 15.0 4.2
9:9 225 21.1
-500 14.8 G332 21.1
25.5 42,7 46.0
2.0 22.5 A e 4560 5 74,4 58,1
5.0 &3.9 32.7 1.5 1 05c0" 24.5
Ded 49,7 45,9 138 163, % C142.8
2.8 4.4 728 224 227.4 19Z.8
18.D 165.0 162,28 388 312.9 225,06
4R.0 153,12 156.6 198 186.7
Ve 227.4 215.9
123 317.9 298.0



Bthane dn silica (Qont.)

Press, Total vol, Vol.ads. Press, Total vol, Vol,ads.

-10° 200
.76 2.2 2.1 1.1 1.1 1.0
1,8 3,8 2.5 2.8 2,2 1.8
23 4,5 4,2 546 3k 2,9
3.7 7.4 6.9 6.7 4,5 2.6
5.7 10,5 9.7 10.1 7.4 6.1
8.6 15,0 13.8 15.2 10.5 8.5
14.5 22,5 20,7 24,5 15.2 11.7
23,1 33,2 29.9 38.6 22.5 17.4
39,5 49,7 44,1 60,6 33,2 25,1
65,0 4,4 55,1 93,8 49,7 37,2
97 105,0 91.1 149, 8 4.4 54,8
185 163.2 136,3 221 105.,0 74.9
305 227.4 182,1 389 163.2 108.5
500 318 242 568 o007, 4 145.0
831 317.9 192.6
0.00
30°
.56 1.1 1.0
1.2 2.2, 2.0 1.6 1.1 .9
2.9 3.8 3.4 2.5 2.2 1.7
2.4 4,5 4,0 7.3 3.8 2.8
5'5 7-4 6.6 900 4.5 F)a:)
8.6 10.5 9.3 12,2 7.4 5.7
13,0 15,0 13,2 19,6 10.5 7.9
21.3 22.5 19.6 32.2 15.2 11.0
33,9 3%.2 28,5 51.0 22.5 15.8
55,2 49,7 42,0 7T 23,2 27,1
£9,.5 4.4 61.9 117 45,9 34,3
140 105,0 85.2 188 74,4 49,7
250 163,92 127.3 270 105.0 68,4
390 227, 4 70,1 455 163.2 100.0
605 317 B 658 227.4 131.1
100 400
.9 1.1. 1.0 1.9 1.1, .9
2.0 2,2 1.9 4,4 2.2 1.6
4,2 3.8 2.0 9.4 3.6 2.6
5,1 4,5 3.6 11.4 4,5 3.1
7.7 .4 6.4 15,4 7.4 5.3
11.8 10.5 8.9 24,5 10.5 7.4
18.5 15.0 12.5 40,2 15.0 9.9
29,2 22,5 18.6 62,1 22,5 14,6
46,0 33,2 27.0 93,5 332 21,2
) 49,7 39.9 145.0 45,7 30.9
117 74,4 58,3 203 74,4 45,2
175 105.0 60,7 320 105,0 62.4
218 62,2 118.1 545 163, 2 &7./
477 227,.4 157.9 754 207.4 119,3
725 318 208,0



Ethane on silica (cont,)

Press., Total vol. Vol.ads, Press. Total vcl., Vol.ads.

50° 800
2.4 1.1 .8 3.6 1.1 7
5,3 2,2 1.5 2.8 2,2 1.2
11.5 3.8 2.4 18.2 3.8 1.7
14,0 4,5 2.8 22,2 3.8 1,7
19.9 7o 4.9 31.4 7.4 Z.7
29,7 10.5 6.9 46,3 10.5 5.1
48,3 15.0 £e9 73,0 15.0 63
N3, 22,5 13,2 106, 1 22,5 9.5
114.8 73,2 18,5 163, 5 23,2 13,4
169 49,7 28.0 239 49,7 20,3
260 TH.4 o 5 362 T4 4 28,9
368 105, 0 56. 4 502 105.0 40.2
594 163, 2 81.2 788 162.2 52.8
887 227.4 117.2
60° 900
2.9 1.1 7 4.1 1.1 .6
6.5 2.2 1.4 9.8 2.2 1.1
14.0 2.8 2,1 20.6 3.8 1.4
15.6 4,5 2.5 24.7 4.5 1.6
23.3 7.4 4.6 24,7 8.4 7.4
25.5 10.5 6.2 51.3 10.5 4,5
5646 15.0 8.0 81.0 15.0 5.4
£5,0 22,5 11.9 119.8 22.5 8.4
28,6 33,2 17.3 179 33,2 11.8
198 49.7 24,7 262 49,7 17.9
295 74,4 36.5 281 74 .4 27.1
418 105. 0 50,0 538 105.0 63.0
555 167,29 72,0
918 227.4 9642
918 :
700 1000
3.1 1.1 .7 4,8 1.1 .6
7.5 2.2 1.2 10.9 2,2 1.0
16.1 2,8 1.9 22,9 2.8 1.2
19.4 4.5 2.9 27,0 4.5 1.4
o7.4 7.4 4,1 7.7 7.4 3.1
41.0 10.5 5.6 56,0 10.5 4.0
64.8 15.0 7.1 88.3 15.0 4,8
96.7 22,5 10.7 131.0 22,5 7.3
1463 23,2 15,2 194 3742 10,2
217 49,7 09,7 285 49,7 15.4
232 74,4 22,2 420 4.4 22.6
461 105.0 45,0 570 105.¢ 32,5
64,7

722 16%.2



Wthane on silica (cont.)

Press, Total vel. Vol.ads. Press, Total vol. Vol.ads.

110¢ 1300
5,4 1.1 .5 6.5 1.1 .4
11.9 2,2 9 12,4 2,0 .7
25,0 3.8 1.0 28,7 3.8 .8
29,1 4 1.2 72,7 4,5 .9
40,5 744 2,9 45,8 7.4 2.4
60,0 10,5 %7 57,0 10,5 3.1
95 15,0 4,1 108, 0 15,0 2.9
142 22,5 5.1 156, 2 90,5 4,6
209 33,2 8.8 235 23,2 6.4
208 49,9 13,7 247 49,7 9.7
446 74,4 19.1 494 74.4 14,9
1200 1600
6.1 1.1 4 15.0 2.2 .6
12.8 2.2 .8 37,1 4,5 .6
27.0 3.8 .9 52,0 7.4 1.9
31.0 4,5 1.1 76.6 10,5 2.4
43,1 17.4 2.6 122 15,0 1.9
Z,7 10,5 %, 4 180 22,5 2,8
101, 9 15.0 2.6 264 33.2 4.0
150.,7 22,5 5.4 383 49,7 6.2
292 33.2 7.6 556 74,4 8.9
205 49,7 11.4
446 74,4 17.3
140¢
6.6 1.1 .4
14.0 2,2 7
30.0 3.8 .6
24,2 4,5 .8
48,0 7.4 2.1
70. 10.5 2.9
117,92  15.0 2.5
185 22,5 4,2
246 33,9 5.4
257 89.7 8.9
517 74.4 12.8



e

2. Adsorption of ethane on charcoal.

Temp, Pres. Tot.vol. Vol.ads.] Temp. Pres, Tot,vol., Vol.ads,
1€.6 1,03 85.0 84,9 78,0 £6.,H 56,5 55.6
82.2 1) 340 3e0 82.8 12.6 79.8 78,4
79.0 1.70 15,3 15.1 86.2 15.7 78,2 7€6.5
78.8 1,70 15.5 15,3 119.0 "30.4 40.1 . 37.0
82,0 .73 7.D 7.4 15%7.1 168.1 131.6 115,5
77.0 4,7 35.7 35.2 1162.9 28.9 28,9 26,1

20,7 2.8 170.8 170.5 122,0 86.5 170.8  182.0C

3. Adsorptioan of pronane on silica gel.

Tenmp, Press. Vol. ads, Temp. Press, Vol. ads.
17.2 28.2 46.4 0.0 2.6 13,1
?25.8 187.0 27.8 " 4,4 20.0

129.4 292 18,6 " 7.7 2643

-33.6 1.6 49.8 o 11,4 2.8

"44’0 . 1605 203-3 e 1'7'1 51.1
19,8 228 174.6 . 21.0 H8, ¢
8.4 1708 111,0 " 277 70.9
El.7 5889 i2.6 " 5546 82.6
16,8 160.0 17.9 " 41.0 91.5

180,32 137.2 4.6 » 3.9 16,2
49,6 28,0 15.7 " 649 24,6

0.0 9.3 3.6 ¢ o 9.7 36,8
20.4 9.5 22.5 ® 18,4 45,5
21.1 4,9 10.7 " 24.9 61le2

0.0 2.0 11,0 " 42,56 86,1

4. trdsorption of propane on charcoal.

Temp., Press., Vol.ads,. Tennp., Press. Vol. ads. .
79.1 73 80.6 161.8 70.5 2715

153.6 10.7 79,7 123.5 2.1 49,6

231.5 56,4 75,6 156.7 6.0 49.1

R30. 1 58.0 75.5 175,5 = 9.9 48,8

188 25,8 78,5 205.,5 2.2 47,8

116.,0 3.5 80,3 13Z.5 2.7 49,4

123.1 07 24,1 162.0 D0 3.9
19.6 1.07 278.1 182,9 5.4 23.7
79.1 6. 277.5 154,.6 6l.6 272.2

109.1 17.1 276.4

S, Adsorption of butane on silica gel,

Temperature = 17,50
Pressure Tolume adsorhed Pressure Vol. adsorbed

.60 8.2 ' 3876 /104 8345
1.4 14.5 SeTY 33.3 172.1
2e6 23.7 F67€ (6.0 176,7
5.1 36.9 FH35TE (ol 25%.0
9.6 B5.7 177 55544



Butane on silica (cont)
0.0° 40,00 60, ¢°
Press.,. Vol.ads, Press., +o0l. Ads. Press. Vol. 24=,
« D7 12,9 1.6 8,4 . %0 1.5
« 87 19.6 3a 14.0 1.7 3.0
1.6 29.1 7.25 24,3 2.9 4.7
2.9 45.0 16.2 42,1 4.6 Eal
5.7 64.2 35,15 69,2 8.1 1.8
10,4 94.3 7.5 1357 12.8 17.1

12.6 140.0 208 221.7 21.1 25,4
35.9 205.1 268 262,72 24,1 37.2
57.6 297.9 55.0 B3, 2

126 429,9 85 75.5

210 626.8 143 106,2

327 920.1 23 151.0

368 205,8

6 Adsorntion of isopentane dén sillca gel.

Terp. Press. Vol,. Temp. Press. Vol. Tenp. Press. Vol,
20.1 2.4 41,2 20.1 10.0 89.% 20.1 o9 2Z.5
29.1 4.4 40,8 29.1 15.8 &88.& 29.1 1.9 23,4
22,2 7.0 40.2 Z9.2 232.8 88,8 392 2.0 22,
49,3 11,0 79,4 £9.3 D4.5 84,6 49.3 4.8 22.7
62.2 15.8 8.5

§. Rate of flow data

Putane, 00 Isopentane, 19.10  Isopentane, 29,1°

Time Veol.on ?ime) Vel. on . Effil Vol. on
min rel min zel min cel

0 29.9 6 8,80 0 720
2 21.4 16 5.23 13 4.03
3 19, 38 2 4,59 5 5,4%
4 17.52 75 3,38 30 2.78
4.2 17.52 154 2,68 o0 2,22
5 16,27 274 2853

5,2 16.27 1234 .93
5.2 15.45 790 1.56

7.2 14,42 880 1.23
8.2 12,64 200 2.857

2.2 13.06

10.2 12.48

13.2 11,36

13.4 11.22

17.2 10,03

17.4 9,91

22.2 8,84

29.4  T7.57
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