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PREFACE

The analyses of gases have been of primary industrial importance
for many years. A fairly accurate znalysis is a necegsity since the
design of new equipment, the control and operetion of present eguipment,
meeting specifications required by law or cornpetition, and tre safe-
guarding of health depends many times upon the coniposition of a gas.
Industry has relied upon the present methods of gas analysis for the
lack of better apparatus and procedures.

Gas analyses differ from other chemical analyses in the relative
importance of the apparatus as compared to the procedure used in the
snaslysis. A gas analysis unit must necessarily be comparatively exten-
give and conmnpliceted in order to perform & simple snalysis that can be
relied upon, however, the zpparatus does not constitute entirely the
present generally unsatisfactory state of gas enalysis.

Gaces are usuelly analyzed in the gaseous state since liquefaction
and distillation does not always give greater accuracy, and is much
less convenient. This requires that gases be selectively abscrbed
directly on or in some substance, the corresponding contrsction in
volume giving a dircct measure of the amount of a specific gas present,
or the gas is burned and the products of combustion when absorbed give
& direct relation to the amount of the specific gas present in the
original mixture., Methods using conrductivity are not reliable under all
conditions, conseguently, are little used where consistently accurate
determinations are required. However, conductivity measurements are
epplicable in many instances where differences are to be noted in

gaseous mixtures, and the actual compogition is not necessary. Using
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absorpiion alene or combustion and absorption together, chemical
reactions usually occur. These rcactions may or may not remove com-
pletely a specific portion because of the slow rate of reaction,
chemical eguilibrium or physical hinderance to the absorption.

At the present, many types of apparatus and procedures are used
for specific purposes with several applicable to genersl gas anelysis.
In view of the advantages over other types there exists errors in the
absorption procedures that are subject to wide controversy. This con-
troversy is so general it is hard for one t0 arrive at a conclﬁsion as
to the accuracy of any ges analysis regardless of spparatus or proced-
vre used.

It is upon thkis condition that the author deemed it necessary to
attempt to determine some of the sources of error, and their magritude
in one of the generel types of apparatus and procedures, and to place
some limitations upon the apparstus in determining the proportion of

constituents in mixtures containing hydroczrbons mixed with other gases,
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INTRODUCTION

Lavoisier is recognized as one of the first workers to stert ges
analysis on its slow journey tc what is now the modern gas analysis
apparatus. He devoted two chepters in his book, "Traite Elementaire de
Chenie™ written in 1879, to methods of measuring gsas weights, volumes,
end the separation of gases by absorption and explosion,

It wasn't until 1845, however, thaet Bunsen and Playfair presented
the first serious attempt to develop methods of gas analysis for techw-
nical investigation. These methods formed the background for Bunsen's
book, "Gasometrische Methoden"™, published in 1857,

Doyere, in 1848, devised an apparatus for exact analysis using a
separate pipette for each reagent, and this was the basis for W.
Hempel's modification and tke subsequent publicetiop of his book in
1869. The apparatus devised by each investigator was complicated and
inaccurate. Stopcocks that did not leak were a rarity, this alone
hindering advencement tc a large extent,

Perhaps the earliest successful attempt to devise an zpparatus
for rapid snalysis of industrial gases was that of Schlosing and
Rolland, in 1868, whose simple apparatus foreshadows closely the
modern type. This wes soon set aside in favor of an apparatus devised
by Orsat in 1875 which is practically the same as thet used today.
¥any modifications of this apparatus have been proposed since it was
first described, but the principle has not been altered.

Toward the end of the nineteenth century many investigations were
directed toward the analysis of gases. At this ftime and in the few
years following, most of the procedures and reagents that are used

today were developed. Iew changes have been made in reegents; most



of the changes occur in the design of the more common apparatus for
greater accurscy and convenience.

The accuracy of any gas anelysis depends upon a number of factors
that must be eliminated or corrected to make an accurate determination,
The following factors are most important:

l. Change of tempersture and pressure during the analysis.

2+ Change of water vapor conternt of the gas.

3. Graduation of the burette.

4, Capillary error of the spparatus used.

S. The type of pipette for gas absorption.

6. The method of securing connections to eliminete leaks, &nd

preventing stopcock leaks,

7. Solubility of the gases in the confining liquid.

8o Choice of a suitable reagent.

9. The method of calculation of results.

The first five factors are solved entirely by the apparatus. The
apparatus chosen should be suitable as %0 accuracy and convenience for
which i4 is to be used. The choice of a suitable reagent and the
method of calculating the results present a more difficult problem and

is the basis for this paper.

The Change of Temperature and Pressure Durihg the iAnalysis

%hen the tempersture or pressure of & gas 1s varied a change
occurs in the volume according to the gas laws. The magnitude of the
volume change is one percent of the volume at 0%. for every 2.7 degrees
centigrade chenge in temperature, if the pressure remains constant. In
the transfer of a gas from one vessel to another the pressure must be

increased, raising the temperature, znd when the gas is brought back to



the original pressure its volume is increased. The Burrell-Oberfell
appartus corrects this change in volume by an auxiliary compensating tube
inclosed in a water jacket that also contains the burette, so that any
cbange of temperature or pressure during the analysis affects both the
gas in the burette and the air in the tube t0o the szume extent. L1l
reedings should be obtained after making connection to the compensating
tube, and bringing a mercury manometer to an arbitrary mark that is used

for all readings.

Change of ‘Water Vapor Content

A change in the water vapor tension of & gas will make a corres-~
ponding change in volume. The compensating tube cannot correct this
unless both the burette and tube are brought to the same vapor tsnsion.
This is accomplished by having water (1 or 2 ml.) in the compensating
tube and water in the burette or water over the confining liquid at all
times, This corrects the error that would occur when water 1s removed
by the absorbing reagents or when the vapor tension is changed by
temperature. Also, 17 the volume rsadings are always made with the gas
saturated with water vapor proportionate parts of water are absorbed at
ezch step in the analysis and it can be assumed to be an analysis of

the dry gas. (61)

Graduation of the Burette
accurate results cznnot be obtained unless the burette is eali-
brated properly. This error can be eliminated by purchasing a good

burette or checking the calibration on a less expensive burette,

Capillary Zrror of tae Apparatus

The pipettes and burette are connected with capillsry glass tubing



that should be filled with an inert gas such as nitrogen before an
analysis is started, This largely eliminates the error with the excep-
tion of the space below the stopcock and liquid level in the pipettes,
which is compensated for by making one or two determinations on the gas
before a determinstion is taken as final analysis. The inert gas may
be air from which the oxygen and carbon dioxide has been removed in the

absorption pipettes.

Type of Pipette for Gas Absorption

A number of gas analysis pipettes have been designed to bring the
gas and the reagent into intimate contact. The lowest priced and most
generally applicable is the plain pipette filled with glass capillary
tubes, and probadbly is just as efficient and convenient for all solu-

tions as many of the specifically designed pipettes.

The Method of Securing Connections to fliminate Leaks, and Prevent~
ing Stopcock Leaks

The buretts and pipettes are usuzlly joined to a common manifold
to make the apparatus more versatile by permitting the pipettes to be
interchengeeble, and allowing the gas to be transferred to any pipette
without outside connections. The method used to meke the connections
gas tight under pressure and vacuum is to Jjoin the glass capillaries by
sections of high quality, red rubber, pressure tubing approximetely one
to one and one-guarter inches long with the ends of the glass together,
The finszl seal is made by a:plying a tead of cellulose cement, prefer-
ably Testors cement, around the ends of the rubber tubing after connec-
tion has been made. By test this joint did not leak under twelve inches
of mercury pressure for twelve hours which means that this error is com-

pletely elimineted,



The stopcocks should be of the highest quality to insure a good
register of key and barrel. These mey be seeled by a good lubricant
whose viscosity approximates that of vaseline. Cere should be taken to

insure exclusion of air and an even film of lubricant in the joint.

Sclubility of Gas in the Confining Liguid

All gases are soluble to some extent in water. This is especilally
true of carhon dioxide and some hydrocarbons. To eliminate this error
of solubility, mercury is used as the confining liguid in both the bur-
ette and the combustion pipette, if highest preclsion is desired. The
small error is negligible due to solubility of gases in the one or two
milliliters of water over the mercury, used to saturate the gas with
water vapor, after two or more samples have been run before the results

are taken &s final analysis.

Choice of a Suitable Reagent

The choice of reagent is difficult, and presents more controversy
than all of the other factors in gas analysis. The choice of a specific
reagent for absorption depends upon its ez=se of manipulation, reprod-
ucibility of results, ability to absorb the specific gas completely from
the wide possibility of mixtures of gases, operator experlence required,
solubility for gases other than the one for which it is used, formation
of foreign by-products, rete of reaction, completion of reaction, life
of the reagent, and the comparative cost. A discussion of the more
comron specific absorbents and designs of appsratus follows to aid in
the selection of reagents and apparatus.
Determination of Carbon Dioxide

The determination of carbon dioxide is the least uncertain of all



absorbents by using potassium hydroxide solution. It is recommended

in nearly all procedures. This alkalli absorbs carbon dioxide readily
and completely without the formstion of much precipitate in the pipette.
Burrell and Seibert (18), and Fieéldner, Jones and Holbrook (29) recomn=
mend it using 33 and 30 grams, respectively, in 100 milliliters of
water, Anderson (1) recommends it using one part of potassium hydrox-
ide in one and one-half to two and one-~half parts of water, and Shep~
hard (66) recommends fifty grams in 100 milliliters of solution.
Stronger solutions may be used, but Bunte and Wunsch (13) récommend not
over one part of potassium hydroxide to one part of water because of the
removal of more water from the gas by the stronger solutions. Burrell
{15) claims paraffin hydrocarbons are completely insoluble in potassium
hydroxide solution so its use is suitable for gases containing hydro-
carbons.

Sodium hydroxide may also be used and is recommended by Fieldner,
Jones and Holbrook (29) using 20 grams of ‘the alkali in 100 milliliters
of water, but it precipitates a white deposit of bicarbonate on the
capillary tubes. This is sometimes undesirable.

Determination of Oxygen

Oxygen is more commonly deterwmined by absorption in an alkaline
pyrogallol solution although there is much controversy over this re-
agent. The other methods used, absorption in sodium hyposulfite solu~
tion and combination with phosphorous, are less satisfactory than the
alkaline pyrogallol solution and are seldom used.

Anderson (1) recommends 142 grams of potassium hydroxide to 168
grams of pyrogallol in 690 grams of water, Anderson (2) 15 grams of

pyrogallol in 100 milliliters of potassium hydroxide solution of



specific gravity 1l.55, Anderson (5) 21.2 grams of pyrogallol to 66.5
grams of potassium hydroxide in 100 milliliters of solution, Burrell (15)
120 grams of potassium hydroxide to 5 grams of pyrogallol in 95 grams of
water, Hoffmsn (35) one part of pyrogallol to one part of potassium
hydroxide in three parts of water, Haldane and Makgill (32) 10 grams of
pyrogallol in 100 milliliters of an 80 percent solution of potassium
hydroxide, Bruckner and Bloch (1l2) uses a 1 to 1.5 ratio of pyrogallol
to potassium hydroxide, and Burrell and Seibert (18) recommends for a
Hempel pipette a solution of 5 grams of pyrogallol to 120 graﬁs of
potassium hydroxide in 95 grams of water.

Potassium hydroxide is generally used for the alkali, but the use
of sodium hydroxide has some distinct advantages. Shipley (67) recom-
mends 7.36 grams of sodium hydroxide to 10 grams of pyrogallol in 11.62
grams of water, and Burrell (16) one gram of pyrogallol to 2.5 grams of
sodium hydroxide in 5.5 grams of water,

From these it is difficult to choose the best as each worker pre~
sents good features for each solution.

Haldsns and Makgill (32) and Drakely and Nicol (26) indicate that
carbon monoxide evolution will likely give low results for oxygen when
determined in alkaline pyrogallol, and have found carbon monoxide
evolved from alkaline pyrogallol solutions on absorbing oxygen of 98
percent purity, with the quantity of carbon monoxide evolved increasing
aS the concentration of the pyrogallol decreases in the solution.

Others have found indications of the same evolution, but limit the form=
ation. Bruckner snd Bloch (12) have found thet carbon monoxide will be
evolved when analyzing gases containing over 20 to 20 percent of oxygen,

and Shipley (67) finds that no carbon monoxide is formed in either



potassium hydroxide or sodium hydroxide pyrogallol if the oXxygen content
of the gas is below 28 percent. sinderson (1) has found that no carbon
monoxide is formed from any concentration of alkaline pyrogallol, and
Anderson (2) reports no carbon monoxide is formed in appreciable amounts,
and none usually formed even in old solutions. This indicates the un-
settled state of gas analysis procedures.

The solutions vary considerably, and Anderson (3) states that the
alkaline pyrogallol solutions decrease greatly in specific absorption
as the potassium hydroxide density decreases slightly below 1,55. This
is in agreement with Drakeley and Nicol (26). Anderson (4) also reports
that stronger and more viscous solutions of pyrogallol can be used in
the Orsat type than in the Hempel type of pipette resulting in greater
efficiencys, This is to say that the sodium hydroxide pyrogallol solu-
tions are unsultable for use in Hempel pipettes since the sodium reagent
is good only in viscous solutions (2). Anderson (2) cautions that pyro-
gallol solutions will deteriorate above 24 degrees centigrede, and Burrell
(16) indicates that the pyrogallol solution will last indefinitely if
kept in the absence of oxygen. This is a good feature since a supply of
solution may be kept on hand.

There is disagreement as to which of the alkaline pyrogallol solu-
tions is superior. Shipley (67) is in favor of sodium hydroxide pyro-
gallol since it will absorb five times as much oxygen as the correspond-
ing potassium hydroxide pyrogallol solution. The total absorption for
the sodium reagent is three plus atoms of oxygen absorbed per molecule
of pyrogallol in the solution. However, Anderson (5) and Bruckner and
Bloch (12) show that the absorption is slow for the sodium reagent re-

quiring four minutes for complete absorption as compared to one minute



for the potassium reagent. This indicates tha*t the potessium hydroxide
pyrogallol solution is superlor in the ease of handling.

Anonymous (7) has concluded that alkaline pyrogallol solutiong are
better than sodium hyposulfite or chromous acetate solutions, and
Quiggle (62) in agreement has shown that sodium hyposulfite solutions
are not good for determinations on standing a few days after being made.

The presence of seven percent ethylene or benzene in the gas,
according to Ott (51), will completely suppress the absorption of oxygen
on phosphorous, but White (76) states it requires only a fraction of a
tenth of a percent. This makes it unsuiteble for gases containing
hydrocarbons, and the error as shown by Wing (79) is too large for
accurate determinations, being from .05 to 10 percent for ordinary
gases, regardless of the hydrocarbons present. Also phosphorous is too
inconvenlent, and too easily inhibited to reaction with the oxygen.

From the literature it is concluded thet the density of the potas=-
sium hydroxide pyrogallol solution should be about 1.55 and the pyro-
gallol content fairly high for greatest efficiency. There is no
objection to the use of the sodium reagent except that it is much slower
to absorb the oxygen from the gas.

There is little indication in the literature that hydrocarbons are
soluble in the alkaline pyrogallol solutions. Burrell (15) states that
paraffins are totally insoluble 1n the solutions, but indicates that
when higher hydrocarbons are present in natural gas a slight increase
in absorption was noted (18).

Determination of Unsaturated Hydrocarbons
The determination of unsaturated hydrocarbons is difficult since

a reagent of proper selectivity is not available without many objections
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from a number of workers. The reagents more commonly used are sulfuric
acid or oleum, and bromine water., The latter is not much used since it
is difficult to handle, and the errors are much greater than the absorp-
tion in sulfuric acid.

The primary objection to the acid is that paraffin hydrocarbons are
goluble in various concentrations, and it may introduce an error in the
hydrogen determination. Worstall (80) has shown that pure methane is
soluble in oleum to the extent of .12 percent in thirty minutes, and
natural gas methane solubility is 1.5 percent in sixteen hours; It was
also found that the ethane loss was 0.6 milliliters per hour. This
indicates that the methane loss is negligible for a short time contact
and is in agreement with Burrell and Seibert (18). Schenck and Dingmann
(64) recommend the acid, but vlace a three to five minute time limit of
contact to prevent absorption of methane and hydrogen,

Meny workers, however, consider the error to be quite large in
dissolving paraffins. Burrell and Seibert (18) reported a two percent
loss in pure ethane in five minutes when contacting oleum, Niederer (48)
and Mulecahy (47} also find appreciable solubility when absorbing methane
and ethane in oleum. Conslderable amounts of the heavier hydrocarbons
are soluble as the concentration of the acid increases and is reported
by Anderson and Engelder (6). Orndorff and Young (50) also has reported
evidence of propans being quite soluble in oleum.

Ethylene is difficult to remove and to prevent its removal from
gases by absorption. Norton (46) findsthat benzene is removed easily
in sulfuric acid of specific gravity l1l.84, and ethylene is not soluble
in it if the benzene concentration is above 0.1 percent. This will

lower the absorption error to less than 0.2 percent in any case due to
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ethylene. Morton also has found that the higher olefins present cause
the benzene content to be high by analysis. TEthylene is shown to be
insoluble in 87 percent acid if the concentration is not over 20 percent
in the gas by Tropsch and Mattox (72), and is in agreement with Dubois
(27). To effect the removal of ethylene, scid stronger than 100 percent
must be used.

With these difficulties present Ott (51) recommends the scid over
bromine water, end Dubois (27), Dennis (23;, end Ctt (52 find feirly
good accuracy and good removal of all unsaturates using 20, 24—and 29
percent oleum,

The exect mechanism or reaction when the olefins are dissolved in
oleum is not entirely settled, but Ormandy and Craven (49) has found
the rezction, with the exception of ethylene, to form saturated hydro-
carbons and highly unsaturated substunces thet remein in the acid.

The use of cetalysts or additives in the acid has not been entire-
ly proven to be acvantsgeous Lo zccuracy. One~half percent of vanadic
acid is recommended by Wellers (75) for separzting ethylene series
hydrocarbons from paraffins, eand finds it impossible to separate them
in sulfuric ecid alone ir any concentration at room temperatures. The
use of mixed sulfates of nickel and silver is renorted as good by Tropsch
and Mattox (72), but Lavis and quiggle (22 find that the addition
decreases the effectiveness of separation of ethylere and propane.
Thorburn (71) reported that 20 to 35 percent oleum plus 0.0L percent
iodire is zood for =ztsorbing unsaturates, but will absorb also any
carbon monoxide that is present. Silver sulfste alone is recommended
by Gluud and Schneider (31) in the strengths from 0.5 to 1.0 percent,
and an accelersticn of ebsorption is reported by Pigulevskii (60) when

using the sulfate.



For the absorption of beth the methere and ethylene series & sol=-
ution of 25 grams of mercuric iodide and 30 grams of potassium iodide
in 100 milliliters cf water is recomnended by Wellers (75), but no
other recommendations were found as to the effectiveness or zccurscy
of this solution.

Determinzstion of Carbor Monoxide and Eydrogen

The removel of carbon monoxice by absorption in solution has been
criticised extensively, and its use in exesct znalysis is very limited
at the present time. The common abhsorbent is a solution of cuprous
chloride, but iodine pentoxide, copper smmoniunm formste and lactate
have been used.

Dennis snd Hopkins (24) and Berger and Schrenk (41) report that
cuprous chloride is effective in complete removal of the carborn monoxide
only if used in two pipettes. Ott (52) (53) recommends = smsall amount
of solution, only two milliliters to minimive other errors. Dubois (28)
finds that an zcid solution of cuprous chloride is rapid but incomplete,
and an alkaline solution is complete but slow. He recommends two passes
of two winutes each into ten milliliters of solution for the acid ab-
ccrbent, and three passes of two minutes eech into five milliliters of
sclution for the slkaline zbsorbent tc obtain rearly complete removal
of the carbon monoxide. Others such as Yakovlev (8l) give longer con-
tact time to obtair the desired results.

The completeress and rapidity of absorption of the carbon monoxide
is not the mz=in ohjecticn, but the absorption of gaseous hydrocarbons is
high which is very undesirable. Niederer (48) has reported methane is
soluble in the alkaline solution of cuprous chloride, snd Burrell and
Seibert (18) find that ethane is gquite soluble. Several others includ-

ing Anonymous (&) ard Burrell {15) have found the error due to absorp-



tion of higher hydrocarbons‘may be as high as three percent. Since the
_Brrors are sc high, Hoffmann (36) reccrmends the cuprous chloride solu-
tion omitted.

However, if the absorption of the hydrocarbons is not important
they will not affect the carbon monoxide absorption in the cuprous
chloride reagent accordirg to Dittrieh (25).

The use of oleum~iodine pentoxide mixtures is too limited for
general use. Pieters (59) finds a solution of 25 percent oleum with
the iodine pentoxide will absorb all of the carbon monoxide, but less
than ten percent of excess sulfur trioxide csn be tolerated if any hydro-
gen or methane is present in the sample. Dittrich (25) agrees with this
and aleo states no higher paraffins can be present, Thorburn (71)
states that a solution of oleum-iodine pentoxide will oxidize traces
of hydrogen, but the methane present 1s unaffected. Nevertheless, for
good results the hydrocarbon content must be below 1 part in 1000
according to Gautier (30).

Carbon monoxice absorption in copper ammonium formete and lactate
is good, and both better than the chlcride or acetate according to
zhavoronkov and Reshehikov (€2), and the remov=l of carbon monoxide in
copper ammonium hydroxide, carbonste, acetate, chloride, sulfate, and
nitrate may be used for technical anzlyses, but not for exact analyses
esccording to Moller (45).

Hydrogen is sometimes deteimired by combustion over palladium
asbestos, but this is reported unsatisfactory by Hempel {33) and Watase
(74) if eny hydrocarbons are present. This is also true in the absorp-
tion of hydrogen by a solution of or sclid palledous chloride or colloid-

&l palladium reports White (77) and Dennis (23).
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Carbon monoxide and hydrogen are more commonly determined together
over heated copper oxide. This method is much more satisfactory than
other methods, and presents much less controversy as to the accuracy
of the determination. However, there are guite a number of different
temperatures that are optimum among workers for complete combustion.

Methane may also be determined by the same method, and will be
discussed along with the earbon monoxide and hydrogen determination.

The procedure for determining carbon monoxide and hydrogen is to
pass the ges slowly through a hezted tube containing copper oxide where
the hydrogen and carbon monoxide are oxidized to water and carbon
dioxide respectively. From the contraction after cocling and after
sbsorption in the alkali pipette the amount of the two can be calculated.
When methane is determired by this method the carbon dicxide from the
combusticon is & measure of the methane in the original mixture.

The conditions for optimum results are reported to be according to
Tapley (69) as carbon monoxide and hydrogen over copper oxide et 28000.,
and with hydrogen and methane over copger oxide at a red heat, Broom
{11) reports carbon monoxide and hydrogen over copper oxide &t 200° to
BOOOC., Rassfeld (63) carbon monoxide and hydrogen at 250° to 30000.,
and methane at 700° to 800°C., Ott (54) hydrogen at 270° to 290°C.,
Xeller and Klempt (40) hydrogen and carbon monoxide st 500° to 520°C.
and methane at 850°C., Bahr (10) hydrogen at SOOOC., and methane at
900° to 1000°C., Pauscherdt (57) hydrogen at 380°C. for 10 minutes and
metbane at $00°C. for 10 minutes, and to reoxidize the copper oxide
after five to six determinations, Cempbell and Gray (21) methanevat‘VOOOC.
in seven minutes, Ott (55) hydrogen at 300°C., end methane at a red heat

and Yakovlev (81) methane at 1050°C. for seven to ten minutes.



Many workers use a catalyst with the copper oxide, and find it
satisfactory. Wibaut (78) recommends the addition of ceric oxide to
aid in the combustion and to obtain better results. With this addition
hydrogen is determined at 270°C. and methane at a red heat. Herrmann
(34) states with pure copper oxide the combustion of methane is incom-
rlete, only 70 to 7% percent, even =at 900°C., and suggests the addition
of a platinum group oxide then determire hydrogen at 350°C. and methane
at 825°C¢, Arneil (9) found that one percent ferric oxide reduces the
methane combustion temperature by 200°¢. Maly (44) agrees with these
workers, and that the additicn of cobaltous oxide, ceric oxide or
ferric oxide will eliminate many errors.

The reduction of copper oxide by hydrogen has been found to begin
at 140°C. by St. John (68), and carbon monoxide oxidation begins at
150°C. using copper oxide on asbestos is reported by Pieters (58). If
cobeltous oxide is used as a catelyst, hydrocaerbons may be determined
over copper oxide at elevated temperatures King and Edgcombe (42)
reports.

Dissociation of the copper oxide at elevated temperztures has been
noted by Terres and Maguin (70). Bunte and Wunsch (14), and Maly (44),
but Maly states the oxygen is reasbsorbed on cooling introducing no error.
There is also indications of the carbon dicxide being absorbed by the
copper oxide introducing an error, King and Edzcombe (42) and Bunte and
Wunsch (14) report this., Although there is no reacticn between nitrogen
and the copper oxide an error is introduced when burning methane that
cannot be eliminated according to Ott (56) amounting to 0.5 percent.,
The largest error, however, is introduced when burning gases containing

hydrocarbons. Terres and Meguin (70) have noted that ethylene will
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deposit carbon on copper oxide, and that methane and carbon monoxide
cannot be quantitatively separated. Burning of hydrocarbons over
copper oxide at only 280°C. is reported by King and Edgcombe (42) who
have found that ethane, propane and butane are burned to the extent of
0.8, 1.0, and l.4 percent respectively.

Campbell (20) presents datz that unsaturztes are easily burned over
copper oxide at about ZOOOC., and Jaeger (37) in his procedure specifies
that unsaturetes bYbe remncved before the combustion of hydrogen and car-
bon monoxide.

Regardless of the errors introduced this method should be far more
accurate than other procedures, especislly for carbon monoxide, and is
recommended by Fieldner, Jones and Holbrook (29), Burrell and Oberfell
{(17), and Jones and Neumeister (38) for exact gas analyses.
Determination of Hydrocartons

In the moderr apparatus only one method is used to any extent to
deternmine gaseous hydrocarbons, This is by slow combustion of the
hydrocarbons with oxygen or air. The sample is placed in a heavy
walled pipette after the removel of other gases in the sample, especially
oxygen, end a small platinum spirel is heated near the capillary inlet.
Oxyegen is tken introduced slowly. The hydrocarbons burn, and usually
methane and ethane are determined from the contrection and the carbon
dioxide formed. Using the old explosion method of hydrocarbon combus-—
tion the main objection was to the formation of oxides of nitrogen. The
volume of oxides of nitrogen formed during slow combustion never exceeds
0,005 milliliters and is usuaelly lower according to Jones and Parker (39).
This error is negligible. Schenck and Dingmenn (64) report that the

methene content of the gas must be below 40 percent to prevent the
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formation of methanol and formaldehyde, and ven Dam (73%) agrees with
Schenck and Dingmann ir that carbon dioxide must be removed after each
pass since methene will not burn completely in the presence of carbon
dioxide. This is also recommended by many other workers.

If air is used for combustion a smaller sample of gas must be
teken which will multiply any error. To minimize this error Burrell
(15) recormends the use of pure oxygen with a larger sample.

It can be seen that if a worker is careful to obtain complete
contbustion other errors are at a minimum, consequently tkis method is

used almost exclusively.

Calculation of Results

when a hydrocarbon is burned carbon dioxide is formed. There is
a small difference in the molecular volume of the hydrocarbon and of
the carbon dioxide. Burrell and Seibert (19} state there is an error
as high as two percent due to this if the volume of the carbon dioxide
is tuken as the same volume of the original hydrocarbon. Schuster (65)
and other workers agree there is a difference, but it is small and can
be neglected, contrery to XKobe (43} and Burrell and Seibert (19} who
say it should be corrected.

Burrell (18) (16) in other articles presents calculations showing
only small differences in the molecular volumes. He states that the
deviations from the gas laws are small since methane is nearly a per—
fect gas, and sthane differs only by 0.0l from O to 760 millimeters
pressure, Propane and butzne differences are but slightly higher and
usually are in very small percentages in most gas samples.

This error is of fer less magnitude than other errors in gas

analyses, snd it is concluded that it is negligible.
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EXPERIMENTAL

Description of the Apparatus

The gas analyzer used was a Burrell-Cberfell gas analysis appar-
atus sold by E. H. Sergent and Co. Plate 1 shows tke apparatus
arrenged for complete gas analysis. The apparatus consists of a 100
milliliter burette with a compensating tube inclosed in a gluss wate r
Jucket for correcting chenges of temperzture and pressure during the
analysis, four pipettes, and a cooper oxide tube with aun electric
heater. Mercury was used as the confining liguid in both the burette
and the slow combustion pipettes.

Three of the four pipettes were common absorption pipettes filled
with glass tubes three millimeters in diameter for increasing the aree
of contact between the gas and the liquid. The first pipette, next to
the burette, was fllled with alkali for the determination of cerbon
dioxide, the second was filled with fuming sulfuric acid for the deter-
mination of illuminants, and the third with alkaline pyrogellol for the
determination of oxygen. The fourth was a slow combustion pipette con-
taining the platinum spiral atop two glass tubes filled with mercury for
a conductor, these extend to the opening at the top of the pipette.

The burette was conrected at the bottom with a leveling bulb con-
taining mercury sufficient tc fill the burette. On the mercury was
riding one to two milliliters of water to keep the gas saturated witkh
water venor. The compenszting tube also conteined two 40 three milli-
liters of water to tzke care of changes of temperature affecting the
vapor tension of the gas inside the tube. The burette and compensating
tube were connected by a mercury filled manometer which was leveled

before each buretie reading to insure a reading of the gas semple at a
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standard pressure.

All of the apparatus was connected to a conmon manifold so that a
gas sample could be transferred to any pipette or to the copper oxide
tube. The common pipettes were filled with solution sufficient to form
a seal at the bottom when the capillary side was filled tc the mark.

To the rear branches of the pipettes were attached rubber bags tc pre-
vent access of air to the reagents.

The copper oxide tube was purchased ready filled from E. H. Sargent
and Co. It was heated by a R20 veolt electric heater capable of raising
the temperature to 300°C. in about 15 minutes. 4 rheostat for accurate-
ly controlling the temperzsture was located on the front panel.

The combustion pipette was connected at the bottom with a leveling
bulb containing mercury sufficient to fill the pipette to the mark.
Through the stopper at the bottom extended the conductor tubes with
platinum lead wires sealed in the glass for heating the spiral at the
top. The current was regulated roughly frem 110 volts by a sliding
contact on the external resistance shown at the extreme right of Plate 1.
The fine adjustment was made by a small rheostat on the front panel,

The spirzl was two and one-quarter inches of No. 30 (B&S gauge) plati-
num wire forming five loops. Two switches are also on the front panel
for the heater and the spiral circuits.

The apparatus was used to detect differences in results when
analyzing standard samples. These standard samples were held in five
gallon glass bottles under pressur= so that a sample could be withdrawn
without using a displacing liquid thereby elimineting possibilities of
grrors from absorption or reaction with the confining liquid. The
samples taken from these bottles were sssumed to be of the same composi-

tione.



Through the stopper in the bottle was a stopcock and a twenty
inch mercury manometer. The stopper wss held firmly in plece by wire,
and made gas tight by a bead of Testors cement. To fill the bottle
approximately twelve inches of vacuum was pulled on it by a water pump,
and the gases were added to the bottle by opening the stopcock., ifter
additions had been made approximately elghteen inches of mercury pressure
was applied by compressed air. After geveral days to insure complete
diffusion, the sample was reedy for analysis. To withdraw a sample a
short section of rubber tubing was attached to the bottle and apparatus,
and after opening the sample bottle stopcock slightly and lowering the
mercury in the burette a sample could be drawn for analysis. See Plate
1.

The oxygen for the slow combusticon was gtored in a section of
glags pipe fitted with stoppers at each end, and by water displacement
from a reservoir and lowering of the mercury in the burette oxygen
could be drawn into the burette for the combustion. See Plate 1.
dethod of Analysis and Technique of Cperation

An "exact" analysis is one in which more than ordinary care has
been taken to insure that all existing errors are reduced to a minimum.
To perform an "exact" analysis using the apparatus deseribed it is
necessary to take utmost care in performing all operations, and to
explain the operations in detail would be tiresome to one familiar with
gas analysis. However, the general procedure will be given with the
understanding that all operations are carefully made, and that good
practice in manipulation is closely feollowed,

l. Preperation of Apperatus

The apparatus must be thoroughly clean before assembly and main-



tained in that fashion during subseguent analysss. A few milliliters
of water are placed over the mercury in the burette and in the com-
pensating tube with readings teken In the bursttz from the water men-
iscus after allowing the sample a minute or so to reach equilibrium and
becone saturated with water vapor.

The rubber bags are slightly inflated first and placed on the rear
branches of the pipettes to allow for sbsorption by the reagents of
gases from the air. To test for leaks, approximetely fifty milliliters
of air are drawn into the burette, and after opening the burette to the
manifold ten inches of mercury vacuum and pressure 1s placed on the
apparatus for fifteen minute periods, the volume of gas being noted
before and after the test. No loss in volume should occur.

The manifold and copper oxide tube is flushed prior to each anal-
ysis with the inert gas residium after absorbing the oXygen Ifrom air
in the alksline pyrogallol pipette.

2. Sampling

Before beginning an analysis, the gas in the compensating tube
and the manifold is adjusted to atmospheric pressure, and all of the
pipette reagents are adjusted to the mark on the capillaries. The
heatzr for the copper oxide tube may be turned on at this time or
anytime that is sufficient for the temperature to be at BOOOG. when
the sample is ready for the combustion of hydrogen and carbon monoxide.

To withdrew a sample from the gas bottle for analysis, connection
is made to the gas bottle and six samples of approximately fifty milli-
liters each are teken and discarded to insure that the tubing and
manifold capillary are flushed of air. The seventh sample of fifty to

sixty milliliters is retaiped for analysis. Connection is then made



to the compernseting tube, the manometer leveled zccuretely, and the
volume reed from the burette. The sample is row ready for znalysis.
2. Determination of Carbon Dioxide

The rezgent uesed for the destermination of carbon dicxide is =
votzassiwn hydroxide solution mede by adding 3C grams of chemically
pure potassiwm hydroxide to 100 milliliters of water as recomrendzd bty
Fieldner, Jores and Holbrock (29). Thig reagent should sutisfactorily
ebsorb the carbon dioxide from the sample.

The semple 1s slowly pessed into the alkali pinette, and is é]lowed
to remain in contact for cne minute, and then returned to the burette.
This is repeated twice and ther the reagent is carefully adjusted to
the mark. The vclume of the sample is taken by connecting to the com—~
vensating tube after allowing time for the sample to become saturated
with water vapor. To make certzin all of the carbon dioxide has been
removed 1t is returned to the caustic pipnette for two short passes,
and the volume is¢ =zgsin read as before. any further contraction must
be added to the first for the volume of carbon dioxide in the s=zmple.

4, Determiration of Illuminants
To remove all unsatureted compounds it is necessary to use fuming

sulfuric aecid. TFor thi

v
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purpose, chemically pure sulfuric acid heving
15 percent sulfur trioxide wns chosen =s the reagent.

After the cerbon dicxide determinsticn, connscticns are made zand
the gas pasced six times into the scid =llowirng 30 seconds for each
pess. The zas then contalrs considerable sulfur trioxide fumes which
must be removed in the alkall pipette using the same procedure a&s for
the determination of carbon dioxide. The volume is read and any con-~

traction is recorded as the volume of illuminants in the sample.

V]
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. Determination of Oxygen

Oxygen is determined by the contraction resulting from the absorp-
tion of the sample in alkaline pyrogallol.

The reagent used is recommended by Anderson (5), and is made by
adding 21.2 grams of pyrogallic acid to 66.6 grams of potassium hydro-
xide, and making the finel volume for the solution 100 milliliters.
This reagent is more concentrated than many of the others, and is
recommsended for greater efficiency and a minimum evolution of carbon
monoxide, if any is evolved.

To absorb the oxygen, the sample is passed into the alkaline
pyrogallol pipetts three times allowing one minute contact for each
pass. Then the samples is passed five times into the pipette allowing
30 seconds for a completed pass from the burette and return. The volunme
is noted, and three more short pesses are made. The volume is again
read and the total contrection is the volume of oxygen in the sample.
If this procedure will not remove all of the oxygen, as noted by still
further contraction, the reagent should be discarded and replaced with
fresh solution,

6. Determination of Carbon Monoxide and Hydrogen

The heater at 300°C. is lowered over the copper oxide tube, and
connection is made between the burette and combustion pipette through
the copper oxlie tube. The gas 1c passed slowly (exactly 10 ml. per
minute) through the copper oxide tube by raising the mercury level
in the burette and lowering the mercury level in the combustion pipette.
The rate was found conveniently controlled by a screw clamp on the
burette mercury reservoir tube, The gas is passed back at the same

rate, and this operation repeated once.



Raise the furnace and cool the copper oxide tube by compressed air
to room temperature, and measure the volume. Any contraction is the
volume of hydrogen in the sample.

Pass the gas into the caustic pipette and remove the carbon dioxide
as in the determination of carbon dioxide. Then pass the gas through
the copper oxide tube to flush out residual carbon dioxide remaining in
the capillaries and copper oxide tube, and again pass the gas into the
caustic pipette. Return the gas to the burette and measure the volume.
The contraction is the volume of carbon monoxide in the sample.

7« Determinatlion of the Hydrocarbons as Methane and Ethane

The residual sample is now stored in the alkali plpette, and an
excess of oxygen is drawn into the burette, the volume measured, and
then passed into the combustion pipette. The sample is then drawn into
the burette, Compressed alr is directed on the combustion pipette, and
the spiral is brought to a bright yellow heat,

Slowly pass the gas into the combustion pipette (10 ml. pver minute)
by regulating the flow with the screw clamp. When all of the gas has
passed out of the burette, open the screw clamp end pass the ges back
and forth over the hot spiral several times, and then once through the
copper oxide tube to sweep out the remaining hydrocarbtons. Measure the
volume after cooling.

Pags the gas into the alkali pipette as in the carbon dioxide
determination and record the volume. The combustion should be repeated
by passing the gas over the heated spiral several times recording again
the contraction and ebsorption in the alkali pipette. If the combustion
was properly carried out, the second contraction should be less than 0,5

milliliters,



8. Calculatior of Results
The calculations are shown by carrying through an actual sample
calculation. For a certain gas assume that the analysis has given the

following observed gas volumes and contractions.

Component : Reading : Difference : Percent :
Volume of Sample Taken ¢ 5D0.45 : :
After Absorption of COg : 50,20 5.25 : 9,48
After Absorption of Illuminants : 49,15 1.05 : 1.89

38,35 10,80 : 19,50

After Absorption of Oxygen

Cont. Due to Hyp Over Cu0 : 37,60 0,75 : 1,35
Cont. Due to CO After Absorption 1 37.45 ¢ 0,15 : 0.27
Oxygen Added for Combustion i 48,70 : :
Total Volume : Bb6.15 : : :

Vol, After First Combustion 69,20 : 16.95

Vol, After First COg Absorption ! 5660 12,60 : :
Vol. After Second Combustion ¢ 06025 0,35 : :
Vol, After Second COp Absorption : 55.80 0.45 :
Total Contraction : 17,20 : :
Total COg Formed : : 13,05 : H
Ethane : : 5.93 : 10,17 :
Methane : : 2,19 : 3495 :
Nitrogen by Difference : : 53439 @

The percent of carbon dioxide in the gas sample is calculated by
the ratio of the contrsction after the absorption in the alkali pipette

multiplied by 100 to the original volume of the samples.
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The percent of illuminants is calculated by the ratio of the
contraction after absorption in the oleum multiplied by 100 to the
original volume of the sample.

The percent of oxygen ie calculated by the ratioc of the contrac-
tion after absorption in the alkeline pyrogallol multiplied by 100 to
the original volume of the sample,

The percent of hydrogen is calculated by the ratio of the contrac-~
tion after the copper oxide combustion multiplied by 10C to the volume
of the original sample.,

The percent of carbon monoxide is calculeted by the ratio of the
carbon dioxide formed after the copper oxide combustion multiplied
by 100 to the original vclume of the sample.

The percent of ethane is calculated by the ratio of two times
the volume of carbon dioxide formed by the slow combustion minus the
contraction due to the slow combustion multirlied by 100 to ohe and
oune-~half times the volume of the original sample.

The percent of methane is calculated by the ratio of the carbon
dioxide formed by the slow combustion minue two times the amount of
ethane in the sample multiplied by 100 to the original volume of the
sample.

9. Preparation of Standard Samples

The samples were prepared by admitting gases to the sample bottles
under vacuume. The carbon dioxide was prepared by the reaction of sul-
furic acid on czleium carbonate, The light gaseous hydrocarbons were
the hydrocarbons present in the neatural gas from the Stillwater,
Oklahoma city mains. The heavier gaseous hydrocarbons were obtained by

removing the vapors from petroleum ether (B.P. 35-65 C.) by vacuum at



room tempersture. The ethylene used was from a cylinder containing
>rdinary commercial grade of compressed gas. These geses were mixed
as follows:

Sample 4 contained air, carbon dioxide, and natural gas.

Sariple B contained air, carbon dioxide, and the heavier hydrocarbons

from petroleum ether,

Sample C contsined air, carbon dioxide, natural gas, and ethylsne.
Experimantal Data and Discussion of Results

For an exact gss analysis the first two or three analyses made
on a new sample are disregarded as inaccurate, and will sometimes
show differences in results, After the first two or three analyses
all subsequent determinations on the same sample should give constant
results. If differences persist irdefinitely with the same technique
then there are possibilities of errors being introduced other than
errors due to faulty manipulation. The following wesulis ¢c not show
the first threce snalyces.

Crdinarily whern reporting gas compositions, determined by ges
analysis apparatus similar to the apparatus used, the results are re-
ported only to the rearest one-tenth percent. The purpose of this
paper is to examipe differences in results, aznd percentages will be
reported to hundredths of gercent since the ges volumes sre read to

ihe nearest five-hundredths of a milliliter.

1. The gas wes znalyzed by followirng the generslly precticed,
standaré procedure Tor determining the composition of & gas con-
taining nydrocsrbons or a natural gas. The results are given in Table

1-Ae



These results show the presence of hydrogen and carbon mcnoxide
which are not believed to be present.
2+ If hydrogen and carbon monoxice were present end knowing the
amount from Table 1~4 an znalysis omitting the copper oxide combus-
tien ard burning the hydrocerbons, hydrogen, end carbon monoxide to-
gether in the slow ccombustion pipette from the data obtained the
percentzge of methzne znd ethane could be back caleculated to obtain
the results given in Teble 1-A. This would prove the presence of hy-
droger and carbon monoxide. The results given in Teble 2-4 were
chtained by omitting the copper oxide combustion, the procedure other-
wice heing the same as used to obtain the results shown in Table 1l-A,

The calculation of methane snd ethane percentages from results in
Table 2-4 deducting for the amount of hydrogen and cerbon monoxide
shown in Table 1-A are as follows:

Methene = Totsl COc - 2 x Etbane

Total COg ilethane # 2 x Ethene

Ethene = 2 x Total COg - Total Contraction + 1.5

Total Contraction = &2 X Total COs - 1l.d x Ethane

Rasis 100 milliliters of gas.

Contractior due to Hydrogen = Percentage of Hydrogen

Carbon Dioxide formed from Carbon Monoxide = Percentage of Carbon
Lionoxide

Total COp = 10,29 # 2 x 0,95 = 12,19 ml.

Total Contrection = 2 x 12,19 ~ 1,5 x 0,95 = 22,98 ml.
Contraction due to Hydrogen = 1l.35 ml. (Table 1-4)

Carbor Dioxide formed from Carbon Monoxide = 0.17 ml. (Teble 1-4)

Carbon Dioxide from iMethane &nd Ethane = 12,19 = 0,17 = 12,02 ml,



COMPONENT READING DIFFERENCE PERCENT AVERAGE

SAMPLE SAMPLE SAVPLE
1 2 3 1 2 3 1 2 3
Volume of Sample 56,30 59,00 61.50
COsp 55,00 57.60  60.05 1,30 1,40 1,45 2.31 2,37 2,36 234
111 £5.00  57.60 50.05 0,00 0,00 0.00 0,00 0,00 0,00 0,00
o 44,60 46,70 45,65 10,4C 10,90 11,40 18,50 18,50 18,50 18,50
Hg 43,80 45,90  47.85 80 .80 80 1,42 1635 1,30 1,35
co 43,65 45,80  47.75 .15 ,10 .10 .26 .17 W17 017
0g Added 36425 32430 37,10
Total Volume 76,90 78,10  84.85
cont. (1) 6740 65,30 71,40 12,50 12.80 13,45
Cos (1) 61.60 59,40 64,95 5480 5,90 6055
Cont. (2) 61,40 59.10  64.60 - 20 .30 .25
Cog (2) 60,30 57,90 63,70 1,10 1.20 .90
Totel Cont. 12,70 1%,10  13.70
Total COp 6490 7,10 7445
Ethane 733 733 800 1,30 1.24 1.30 1.28
Methane 5,43 5463 5,88 9.64 9,565 9,52 9457
Total 33,45 53,18 33,15 35,21
Nitrogen 66,47 66,82 66,85 66079
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Table 2~4-

CCOPONELT READING DIYFERENCE PERCERNT AVERAGE
SLMPLE SHMPLE SAMFLE
1 2 2 1 2 3 1 2 3

Volume of Sample 59,90 857,30 57,30

CO2 58,50 H5H,956  55.9H 1.40 1,35 1,35 20,24 2,35 2.35 2,35

Il1 58,50  ©5H.85  bd.SD 0,00 0.00 0.00 0.00 0,00 0,00 0,00

Co 47445 45,35 45.35 11,05 16,60 10,60 18,50 16,50 18.850 1€.50
Oy Added 36410 35,20  37.00
Totel Volume 83.55 80,55  82,%85
Cont. (1) 70.00 67.85  69.40 13,85 12,70 12.95
COg (1) 6350 61,70 63,00 6. 50 6,15 6+40
Cont. (2) 63,20 61l.30 62,80 30 + 40 220
Cop (2) 62,35 60,50 62,20 .B5 « 80 « 60
Tot.2l Cont. 13.85 12,10 13,15
Total COg 7,38 6.95 700
Ethane 007 s D33 .57 .94 e 93 97 «95
Methane 6.282 5.88 5.88 10437 10.25 10.285 1C.29
Total 32.15 32,03 32,07 32,09
Nitrogen 67,91

0g



Contraction due to Methane and Ethane = 22.96 - 1,35 = 21.61 ml.

Percent of Ethane = 2 x 12,02 - 21.61 = 1.5 = 1.,62%
Percent of lMethane = 12,02 = 2 x 1,62 = 8.78%
These values do not agree with Table 1-g.

If hydrogen was present it is unlikely thet it would not have

burned completely over the heated spiral to give the contraction due

to burning hydrogen. This indicates from the calculated percentages
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of methane and ethane from Table 2-A that the carbon dioxide formed by

the slow combustion alone is greater then is shown by the slow combus-

tion from the results of Table 1-A.

The aversage tctesl contraction over the copper oxide tube and slow
combustion from Table 1-4 is 23,3 percert, and from Table 2-4 the
average was only 22.9 percent. This indicates that more carbon diox-
ide should have been formed by combustion over the copper oxide tube
in analysis (1) to reduce the contraction apparently due to hydrogen.

It is concluded that some of the hydrocarbons were burned over the

copper oxide and ceposited carbon accounting for a large contraction

with but little carbon dioxide formed. This resulted in an inaccurate

determination of the hydrocarbons as well as showing the presence of
hydrogen and carbon monoxide when they were absent from the original
samples

3. The recomnended tzmperature for the combustion of hydrogen and
carbon monoxide over copper oxide is about 290° or 300°C, Table 3-a
shows the effect of elevating the temperzture on the probeble combus~
tion of the hydrocarbons present. The effect of absorbing the carbon
dioxide and oxygen together in the alkaline pyrogellol solution is

also sliowns



The effect of elevating the temperture of the copper oxide tube
in the presence of the light hydrocartons of sample 4 is negligibles
Only a slight increase is noted between 290°and 340°C. The burning
that does take place is probably due to the very small amount oi heavy
hydrocarbons present which give a constant esmount of combustion, while
the lighter hydrocarbons are wnafiected.

The absorption of The carbon dioxide and the oxygen together in the
alkaline pyrogallol solution gives the same total percent zs when ab-
sorbed separately. This shows that nothing is insoluble in the pyro-
gallol that is soluble in the potassium hydroxide sclution to give
any 1llwminants when run before the carbon dioxide dsterminction in
the potassiur hydroxide solution:; and there is nothing in the gas
samrle soluble in the fuming sulfuric acid thet is also soluble in the
notassium hydroxide solution.

4, The results in Table 4-i show the effect of determining the illumin~
ents and carbon dioxide together by passing the sample into the fuming
sulfuric acid thken into the potassium hydrcxide solutions. Oxygen is
next determined by the usuel procedure in the alkaline pyrogallel,

The results indicazte that tke carbon dioxide neitker effects any
solubility of the geses in the fuming sulfuric acid, nor is the carbon
dioxide soluble in the acids There is no effect upon the oxygen con-
tent whien it is determined later.

No differences esre noted in the results regerdless of the order of
sbsorption, using semple A, consisting of =2ir, cerbon dioxide, and the
light hydrocarchons from natural gas.

Sample Be.

1. The gas was analyzed by the standard procedure, and it was found
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COMPCONENT READING DIFVERENCE PERCENT AVERLGE
SAVPLE SAMPLE SENPLE
1 2 z 1 2 3 1 2 3
Volure of Sample 54,50 61030 59,80
COg # Cp 43,15 48,50 47,40 11.35 12,80 12,50 20,83 20.85 20,85 20485
111 3.15 48,50 47,40 0,00 0.00 0,00 0,00 0,00 0.00 0,00
is 2.45 47,70 46,80 .70 080 <80 1.28 1.30 1.33 1.30
co 42,235 47,60  46.50 .10 .10 «10 .18 a16 017 017
Temperature of
Cu0 Tube ©°C. 250° 210° 34009 2909 3100 2400 2909 3109 2400
<
P
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that a constant absorption in the fuming sulfuric acid was not obtain-
able. The results in Teble 1-R show the znalysis of sample B omitting
the illuminant determination.

The combustion for the determinstion of hydrogen and carbon monoxide
over the copper oxide varied. » constant value wasg not obtained by a
careful time~temperature control due to the non-uriform burning of the
resvier hydrocarbons.

The copper oxide was reoxidized with pure oxygen after the deter-
minetions ir Table 1-B were made, and when the gas was passed into the
alkali pipette following the oxidation a contraction wzs noted. This
indicates thut curbon was deposited on the copper oxide probably due
to cracking of the hydrocarbons during analysis.

2. To find ths total hydrocarbon content of the gas the absorption of
illuminants and the combustion over the copper oxide must be omitted,
The gas was analyzed by burning the hydrocarbons in the slow combustion
pipette. The rssults are given in Table Z-3.

The hydrocarbon contesnt increzsed from ahout 19 percent to 21.35

percent by omitting the copper oxide combustion. This means that con-
siderable burning took place over the heated oxide, and that samples
contuining hydrocarbons heavier than ethane should not be passed over
the heated oxide if an accurate analysis is to be made.
3. The czvbon dioxids and oxygen were determined together in the alka-
line pvrogallol solution to ncte any difference in absorption or sol-
ubility of the hydrocarbons in the reagents. The results are given in
Teble 5~Be

The absorption of the carbon dioxide and oxygen together in the

alkaline pyrogallol solution resulted in the same total percentage as



COMPONENT

Volume of Sample

I11 # COg

Oz

Table 4-4

READING DIFFERENCE FERCENT AVERAGE
SAMPIE SAMPLE SsMPLE PERCENT
1 2 S 1 2 ) 1 2 3
59,90 857.50 55.3%0
58,50 56.15  54.00 1,40 1,35 1,30 20354 2,35 2435 203D
47,40 45,60 43,75 11.10 10,55 10,25 18.50 18,40 18,80 18,80

c



Table 1-B

COMPONENT READING DIFFERENCE PERCENT AVERAGE
SAMPLE SLMPLE SLNMPLE FERCENT
1 2 3 1 2 3 1 2 3
Volume of 3ample 53.50 53.70 55,50
CO, 49,50 49,70 51.35 4.00 4,00 4,15 7.48 7446 7,46 7.46
05 39,65 39,80 41.15 9.85 9.90 10.20 18,40 16.44 18,40 16,40
Hy 39.60 40,10  41.85 L05  £.20 4470
co 38,40 38,20 40,05 1.20 1,90 1.80
Op Ldded 37.60 34,80 41,30
Total Volure 76,00 7%.00 81,35
Cont. (1) 64.60 61,60 69,25 11.40  11.40 12,00
cog (1) 52,30 49,80 56,75 12,30 11,80 12,60
cont. (2) 52,10 49,60 56,25 «20 .20 +50
Co, (2) 50,50 47,80  54.85 1,80 1,80 1,40
Total Cont, 11.60 11,60 12.50
Total COy, 14,10 13,60 14,00
Ethane 11.05 10-40 10u34 20a70 19 a40 18. 64
Methane ¢.0 0.0 0,0 0,00 0.00 0,00 0,00
Total 46,58 45,26 44,50

Nitrogen 53,42 54,74 55,50



CCMPONENT

Volume Sample

C0g

Co
Og Added
Totzl Volume
Cont. (1)
COso (1)
cont. (2)
002 {2)
Total Cont.
Total COz
Ethane
Methane
Totel
Nitrogen

Teble 2~E

READING DITFFERENCE
SAMPLE SEMPLE
1 2 1 2
54,1C 54,80
950,095 50,70 4,05 4,10
40,1¢C 40,60 9.95 16,10
39.80 36,40
79.90 77,00
66490 63,80 14,00 13.20
52,70 49,00 14,20 14,80
52,40 48,80 6 30 s 20
51,30 47,60 1.10 1.20

13,30 14.40
15,30 16.00
11,53  11.74
0,00 0,00

PERCENT AVERAGE
SAMPLE PERCENT
1 2

7.48 7,48 7048
18,40 18,42 18.41
21,30 21,40 21,35
0,00 0,00 0,00
47,18 47,20 47,24
52,82 52,70 52,76



Teble 3-B

COMPONENT HEADING DIFFERENCE PERCENT AVERAGE
SAMPLE SAMPLE SAMPLE PERCENT
1 2 3 1 2 3 1 2 3
Volume of Sample 58,00 54,50 56,20
COg # 0o 43,75 40.40 41,70 18.25 14,10 14.50 .86 25,85 £5,80 25,84
CO2 43,7% 40,40 41,70 G.00 0.00 0.00 0.00 0.Q0 0.00 0,00
Table 4-R
COMFONENT READING DIFFERENCE PERCHENT AVERAGE
SAMPLE SAMPLE SAMPLE PERCENT
1 2 3 1 2 3 1 2 3
Volume of Sample 63440 59.50 58.50
I11 # Cog 57.80 54.50 53,50 5,60 5,00 5,00 8.83 8,40 8.%4
Cs 46,10 43,50 42,70 11.70 11,00 10,80 18.47 18,48 18,47 18,47
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when absorbed separately, =znd thers wssg no further absorption after
wards in the potassium hydroxide solution. This indicates that 21l

of the oxygen and carbon dicxide was absorbed in the alkaline pyro
gallol, and if any hydrocarbons are scluble in the oxygen reagent no
more ars soliuble in the votassiam hydroxide solution after being in
contact with the alksline pyrogallol.

4+ A constent value Tor the carbon diozxids and 1lluwminants when deter-~
mined together was not obtainabls as shown by Table 4-~3.

5. The illwainants were determined by carefully controlling the time

of contact of the ges with the oleun, =nd the voluwms was read aft:

4]

T
each two passes. The resulis are given in Table 5-~2.

There may be hydrocarbons in the sample that are classed =2s illum~

inants, and zre absorbed by the fuming sulfuriec acid during the first

e

twWo passes. During subsequent contact periods the contraction is

constant Tor a nunber of passes which may be due to the dissolving of

3

the heavier saturated hydrocarbons present. The rassults are uncertain,

and the absorption in the oleum should be omitited for en zccurate
alyslis of the hydrocarbons. An asproximation of the illuminants
could be mude from the first two passes by allowing for the constant

contraction that occurs in the following passe

[¢s]

. However, the results
would be questionables,.
sample .

h] m

1, The ¢as sample conteining air, carbon dioxide, natural gas and ethy=-

5

lene was analyzed by followilog the standerd procedure of 2nalysis. The

results are given in Table 1-C,

A constant value for the combustion over the copper oxide tube was

not obtainable by careful tiune-%emperature control, and as is shown
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Table 5-3

NCMBER CF 30

COMPONENT SECOND PASSES READING DIFFERENCE  PERCEAT
Volume of Sample 54,45
CGsa 50,40 4,05 7045
111 Z 50,00 0 40

4 49.80 «20

8 43,60 220

3 49,40 020

10 49,20 .20

13 49,00 020

14 43485 .10
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more combustion occurred at the higher temperaturss. The illuminants
show some variation in results. This is probably due to the presence
of saturated hydrocarbons heavier than ethane but lighter than the
hydrocarbons in sample B where large differences occurred in the illum-
inant determinations.

2. The results of carefully controlled combustion over the copper oxide
tube are shown in Table 2~C.

Inconsistent results over the copper oxide tube indicate that the
copper oxlde combustion will have to be omitted when the gas saﬁple
contains saturated hydrocarbons heavier than ethane.

The carbon dioxide content of the samples analyzed, except those
shown in Table 1-C, are considerably higher. When the results of
Table 1=C were obtained the higher room temperature masy have had a
decided effect on the carbon dioxide absorption in the potassium
hydroxide solution.

3. 4 check on the illuminants by controlled time and number of passes
gave the results in Table 3-0. The gas samples were glven two passes
of thirty seccnds duration into the fuming sulfuric scid at each
reading for the i1lluminant determination.

The results are similar to those in Table 5~B in that after the
first two passes the contraction from each two following passes is a
constant. Tor the lighter hydrocarbong present the constant contrac-
tion is 0,05 milliliters for each two passes of thirty seconds while
the heavier hydrocarbons gzve & 0,20 milliliter contraction under the

same conditions.



COMPONENT

Volume of Sample
COg
I11
0z
Hp
co
Terip. of CuQ Tube °C.

COMPCNENT

Volume of Sanple
co

READING D1FFERENCE FERCENT AVERAGE
SAMPLE SEVPLE SAPLE PERCENT
il 2 3 T 2 3 1 2 3
53,00 55,20 54,50
52,50 54,70 54,00 « 50 .50 .50 .94 .91 292 .93
£1,10 53,40 58,50 1.40 1.40 1,50 2.64 2,54 2,75 2,64
41,50 43,40  42.65 9,60 10,00 9,85 18,10 18,10 18,10 18,10
40,70 42,40 41,15 .80 1,00 1,50
40,35 42,30  40.65 035 .10 .50
300° 310° 340° 300° 310° 3400 300° 310° 340°
Table 2-C
READING DIFFERENCE PERCENT LVERAGE
SAMPLE SAMPLE SAPLE PERCENT
1 2 3 T 2 3 1 2 3
54,50 54,80
53,85 54,15 065 265 1.19 119 1.19
£2.35  52.65 1.50 1.50 2.75 9,74 2,74
42.55 42,75 9,80 9.90 18,00 18,10 18,05
41,95 42,45 » 60 .30
41,95 42,45 00 .00

2



Table 3-C

COMPONENT RELDING DITFERENCE PLRCENT AVERAGE
SaMPLE SEMPLE SAMPLE PERCENT
1 2 3 1 2 3 1 2 3
Volume of Sample 58,20 57,70 58, 20
COe 57,50 57,00 57,50 .70 270 070 1.20 l.21 1,20 1.20
I11 2 passes 56,10 05.45 55,95 1.40 1.55 1.55
I1ll 4 passes 55.95 55,40 55,90 205 205 »05
I11 6 passes 55,90 50.35 55,85 205 005 205
I11 Total 1,50 1,865 1.65 2,08 286 2.84 2,76

Ceo 45,30 44,90 45.40 10,80 10.45 10.45 16,20 18,10 18,00 18,10



SUMMARY OF RUSULTS

Three gas samples have been analyzed in an attempt to place limi-
tations upon the modern Burrell-Oberfell gas analysis apperatus, and
ascertain the magnitude of some errors that accomdany an anélysis made
to deterimine the exact composition of industriesl gases. Gaseous hydro-
carbons, due to their complexity, present a diffiecult problem if they
are to0 be separated by a quick, simple ard efficient method. The modern
absorption and combustion gas analysis apparatus does not sﬁnplify this
problem to any great extent.

An analysis of sample A, consisting of air, carbon dioxide, and
natural gas, may not be passed over heated copper oxide at the recommend-
ed temperature to remove any hydroger or carbon monoxide that may be
present without burning the very small amcunt of hydrocarbons heavier
than ethane. This introduces an error too large to say that the analysis
is exact.

Sample B, consisting of zir, carbon diocxide, and the hydrocarbon
vapors from petroleum ether introduced a largs error when passsd over
heated copper oxide, end the solunbility of the heavier hydrocarbons
in the fuming sulfuric acid, used to deterimine illuminants, was too
greet and gave inconsistent results,

Sample C, consisting of air, cerbon dioxide, naturel ges, and
ethylene likewise burned over the heated copper oxide introducing a
large error, The absorption of the sample by fuming sulfuric acid
gave approximate results for the determinstion of illuninants, but the
absorption of heavier illuminants in the presence of hydrocarbons

heavier than ethane would be gquestionable,



Since hydrogen and carbon monoxide will burn over the copper oxide
at a much lower temperature than 300°C, it may be possible to lower the
temperature and increase the time of contact minimizing the error found
at the higher temperatures due to the burning of the hydrocarbons. No
noticeable =ffect was introduced by the hydrocarbons in the determina-
tion of carbon dioxide and oxygen. However, there is evidence of a
decrease in activity of the potassium hydroxide reagent for removing
carbon dloxide as the temperature of the reagent increases slightly

above ordinaery room temperatures.

45
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CONCLUSIONE

The following conclusions may be formed from the experimental work
on the gas samples that contain air, carbon dioxide, and saturated and
unsatureted gaseous hydrocarbons.

1. The gas samples containing various gaseous hydrocarbons did not
affect or introduce an error in the determination of carbon dioxide

in the potassium hydroxide reagent.

2e The gaseous hydrocarbons did not affect the determination of oxygen
in the alkaline pyrogallol reagent.

3 Oxygen and carbon dioxide were removed completely from the gas
samples without introducing an error by determining the two together

in the alkaline pyrogallol reagent. This procedure may be used if a
saving of time is necessary, but the reagent must be changed more fre-
quently.

4, Carbon dioxide was not soluble nor did it promote the solubility of
light hydrocarbons in fuming sulfuric acid when the hydrocarbons are
normally soluble in the acid.

S. If any of the gaseous hydrocarbons contained in the samples are
soluble in the potassium hydroxide reagent they are equally soluble

in the alksline pyrogallol reagent. The reverse is also true.

6. It is indicated tiat gases containing saturated hydrocarbons
heusvier than ethane cannot be placed in contact with fuming sulfuric
acid without a gortion of the saturated hydrocarbons dissolving in the
acid during a determination of illuminants,

7 Gases containing hydrocarbons heavier than ethane cannot be passed

. o . .
over heated copper oxide at 300 Ce. without some burning or cracking of



the heavier hydrocarbons. The burning of ethane is questionable.

Be An indication was found that carbon dioxide is much less readily
absorbed by the potassium hydroxide solutinn the higher the temperature
of the reagent.

9. Increasing the copper oxide combustion temperature increased the
error due to the combustion of the hydrocarbons over the copper oxide.
10. At a definite tempersture and time of contect, the hydrocarhons
heavier than ethane burned non-uniformly over the heated copper oxide.
11, To obtain an exact analysis of a gas containing hydrocarbons with
the Burrell-Oberfell apparatus using a complete standard procedure

the sample must be limited in its composition by containing only the
following gases or combinations of the following gases: carbon dioxide,
oxygen, hydrogen, carbon monoxide, methane, ethane, ethylene, and possi~-
bly heavier unsaturated hydrocarbons with po heavier saturated hydro-
carbons. If the illuminants mey be omitted and no hydrogen or carbon
monoxide is in the sample, saturated hydrocarbons heavier than ethane

may be analyzed by combustion.

47
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