
June 10, 1952 A. T. CLOTHER 2,600,158 
PROCESS FOR HYDROCARBON GAS MIXTURE ANALYSIS 

Filed Sept. 6, 1947 

D 
& Q 
= - S. -= C. D 

C. D co : 
CN 3 

ée X 
Z 

53 º u 
s: “X ==Y- 
º lo X 
a. /DFO )=( ) 

N 

CAl . 

(Nl C. D =O, D 

C-g- dO o 
N-D=C ) 3 º c S) s 

X 
(AC g 
- U 

el 
u 
C 

Locº C. D 

C y D 

O 
cO 
s 

Carchate I Clothier Saventor 

esto, 0.7vé4.ac. orº.es 

  



Patented June 10, 1952 

UNITED sTATEs PATENT o FF 2,600,158 CE 
2,600,158 

PROCESS FOR HYDROCARBON GAS 
MEXTURE ANALYSS 

Archie T. Clothier, Tulsa, Okla., assignor to 
Standard Oil Development Company, a corpo 
ration of Delaware 

Application September 6, 1947, Serial No. 772,561 
(CI. 23-232) 1. Caim. 

The present invention is concerned with an 
improved process for analyzing light hydrocarbon 
gases. The invention is more particularly con 
Cerned With a method for determining the anal 
ysis and composition of petroleum gases Wherein 
the concentration of various light constituents in 
the gas is relatively Small. My method comprises 
removing the methane and segregating constit 
uents boiling in the range of hydrocarbons con 
taining from 2 to 5 carbonatoms in the molecule. 
This latter fraction is then handled in a manner 
as hereinafter described. 

It is well known in the art to analyze various 
gas compositions by many types of gas analysis 
apparatus. While these methods are generally 
satisfactory for ordinary gases they are not par 
ticularly adaptable for determining the actual 
composition of gas mixtures secured in the pro 
duction of petroleum oils. These latter gas com 
positions for example may contain relatively large 
quantities of certain constituents and relatively 
minor quantities of other constituents. In ac 
cordance With my process, I amable to accurately 
analyze gas compositions, particularlythose com 
positions containing from 2 to 5 carbonatoms in 
the molecule and resulting from the production 
of petroleum oils. 
My invention may be readily understood by 

reference to the drawing illustrating one embodi 
ment of the Same. Referring specifically to the 
drawing, the gas sample to be analyzed is col 
lected in pipette l. This entire system is evacu 
ated and is of a known capacity. Stopcock or 
valve 3 is closed and stopcock 2 is opened. The 
sample is allowed to expand into the mercury 
manometer 4 where the pressure of the sample 
can beread. 
The amount of sample taken into the system 

fron pipette is determined by the pressure on 
manometer 4. The desired amount of sample is 
allowed to flow through valve 3 into the system. 
When the desired amount of sample has passed 
into the System, valve 3 is closed. The gas passes 
through ascarite and phosphorus pentoxide 3 
and 4 where the carbon dioxide and water vapor 
are renOVed. 
The gas, free of undesirable carbon dioxide 

and Water vapor, is introducedinto trap 2 which 
isimmersed in liquid nitrogen at a temperature 
of -196° C. In this unit gases boiling above the 
boiling point of methane are condensed. During 
this operation the system is controlled so that a 
mercury difusion pump is withdrawing uncon 
densed gases comprising methane from the sys 
ten through Valve 7. Other gases which aire re 
moved from the system comprise relatively large 
quantities of uncondensed oxygen and nitrogen. 
Pumping is continued until the pressure on the 
System is beloW about 2 millimeters of mercury. 
At this point, valve 5 is closed and pumping is 
continued on the remainder of the system until 
the pressure is lowered to the vapor pressure of 
the mercury in the System. 

10 

20 

30 

35 

40 

45 

50 

55 

60 

2 
At this point, the sample containedin trap 12 

is transferred to distillation trap 5. This is 
preferably accómplished by removing the nitro 
gen bath and substituting a Dry Ice-acetone bath, 
the temperature of Which is about -80° C. The 
distillation trap 5 is cooled to -196° C., thus 
causing the sample to recondense in the distilla 
tion trap. The pressure changes involved in the 
transfer of the sample from Zone 2 to Zone 5 
are watched by using the Pirani gauge 16. When 
the reading on the Pirani gauge is again approxi 
mately zero, the transfer is complete and valve 
6 is closed. 
The coldbath around the distillation trap 5 is 

lowered until a slow rise in temperature is noted 
on the thermocouple (7. Arisein pressureshown 
by the Pirani gauge 6 indicates that the distilla 
tion temperature for a compound has been 
reached. The Cold bath is adjusted So that the 
temperature remains constant and the fraction 
is taken of by opening Valve 0 and condensing 
it in combustion trap 8 Which is maintained at 
a temperature of -196° C. by immersion in a 
liquid nitrogen bath. When the pressure no 
longer goes up With Valve 10 closed, the frac 
tion has al been distilled of and Valve 9 is 
closed isolating the distillation trap. 
The Volume of the fraction in Zone 8 is deter 

mined by bringing the temperature of Zone 8 
to about -80° C. and Opening Valves 0 anid 8. 
The sample is allowed to expand into the McLeod. 
gauge 9 Where the pressure is determined. The 
volume of the Systemis known So that the volume 
of sample canbe calculated. 
The sample is also allowed to expand into 

Langnuir viscosity gauge 20 by Which the molec 
ular Weight of the Sample is determined. (Pro 
cedure described in “Procedures in Experimental 
Physics,” by Strong, pages 146-1417). 
The Sample is mext recondensed into the burn 

ing trap 18 and oxygen is added from bulb 2 
by opening stopcock 22 slightly until the pressure 
in the System is about 2 millimeters of mercury 
as shown by manometer 23. Valve o is closed, 
the burning trap 8 is brought to room tempera 
ture and the sampleis burned fór about one min 
ute With either high voltage or radio frequency 
glow discharge. When burning is completed, the 
trap is again cooled to a temperature of -196º 
C. Valves 7 and f0 are opened and the excess 
Oxygen is pumped off. The after-burning read 
ing is taken on the McLeod gauge 9 by closing 
Valve 7, opening valves 8 and 0 and raising the 
temperature of trap 18 to a temperature of -80º 
C. The after-burning reading gives a measure óf 
the carbon dioxide formed during the combus 
tion of the sample. The ratio of the after 
burning reading to the before-burning reading 
shows the number of carbon atoms per molecule 
in the fraction. 
The System is thoroughly evacuated by opening 

valves 7, 8, f and and pumping, until the sys 
tem is completely degassed. Valves 7, 8, 10 and 
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are closed and Valve 9 is opened. The tem 
peratureis adjusted and the procedureis repeated 
for the next fraction. 

Distillation temperatures are reproducible 
Within 2° C. and by calibrating the apparatus 
With known gases, a method of identification is 
obtained. Molecular Weight determination is ac 
curate Within 2 molecular Weight units on com 
pounds having molecular Weight Sup to 72. Heav 
ier compounds suffer loss of accuracy due to 
dilution with traces of lighter gases. 
My invention is directly applicable in the 

analysis of petroleum gases comprising light hy 
drocarbon constituents. It is especially applica 
ble When these light hydrocarbon constituents 
contain appreciable quantities of methane, Oxy 
gen and nitrogen and relatively Small quantities 
of constituents having from 2 to 5 carbon atoms 
in the molecule. 
The general procedure used in my process is to 

Segregate hydrocarbon constituents having 2 and 
more carbon atoms in the molecule from the 
methane, Oxygen and nitrogen as described. I 
then segregate a fraction containing from 2 to 5 
carbon atoms in the molecule in a distillation 
Zone. My next step is to progressively segregrate 
the loWest boiling constituent from the remain 
ing constituents by cooling the fraction to a tem 
perature of -i96° C. I then allow the tempera 
ture to rise until a rise in pressure is indicated 
on the gauge. This rise in pressure indicates that 
the distillation temperature for the particular 
compound has been reached. Ihold the tempera 
ture constant until the pressure on the gauge 
again drops to Zero indicating that the particu 
lar compound has been removed. 
This operation consists in distilling the lowest 

boiling constituent, condensing the Same in a 
segregated zone, revaporizing the segregated con 
stituent and determining the molecular Weight. 
The vaporized constituent is recondensed and 
expanded into a McLeod gauge and a pressure 
reading taken. A determined quantity of Oxygen 
is added and the sample burned and condensed. 
Oxygen is removed from the burnt sample and 
the amount of CO2 determined. By this pro 
cedure I amable to accurately analyze a lighthy 
drocarbon fraction to a high degree of accuracy. 
The terms “Langmuir viscosity gauge,” “Pirani 

gauge” and “McLeod gauge”as used in the Speci 
fication and claims refer to these types of gauges 
and apparatus as they are known and described 
in standard textbooks, such as for example in 
Strong, “Procedures in Experimental Physics,” 
pages 138-148 (Prentice-Hall, Inc., 1946). 
The process of my inventionis not to be limited 

by any theory as to mode of operation, but only 
in and by the following claims in Which it is de 
sired to obtain al novelty insofar as the prior art 
permits. 
What is clained is: 
Process for analyzing a gas mixture for its con 

tent of hydrocarbons of two to five carbon atoms 
Wherein such hydrocarbons are present in mi 
nute quantities in admixture With methane and 
with relatively large quantities of Oxygen and 
nitrogen which comprises placing said mixture 
in a separation Zone at a temperature of about 
-196° C. and at a pressure bellow about 2 milli 
meters of mercury, whereby hydrocarbons boil 
ing above methane are condensed While methane, 
oxygen and nitrogen remain un condensed, re 
moving methane, oxygen and nitrogen from the 
condensed hydrocarbon gases, transferring the 
remaining condensed gases comprising a hydro 
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carbon fraction of 2 to 5 carbonatoms from Said 
separating Zone into a distillation Zone main 
tained at a temperature of about -196° C. and 
at a pressure of about that of the vapor pres 
sure of mercury, bringing said distillation zone 
into communication With an evacuated combus 
tion Zone cooled to a temperature of about -196° 
C., raising the temperature of Said distillation 
Zone suficiently to cause a mea Surable increase 
in pressure in said Zone, maintaining said in 
creased temperature until the completion of dis 
tillation of the hydrocarbon exhibiting the loW 
est boiling point in the hydrocarbon fraction is 
indicated by a drop in pressure, cutting off com 
munication between Said distillation Zone and 
said combustion Zone, raising the temperature in 
Said combustion Zone to about -80° C., measur 
ing the pressure exerted by the resultant ex 
panded hydrocarbon gas in a Zone of known vol 
ume whereby the quantity of said lowest boiling 
hydrocarbon is determined, determining the mo 
lecular Weight of Said lowest boiling hydrocar 
bon by measuring its viscosiity at the indicated 
pressure, recondensing Said hydrocarbon gas in 
Said combustion Zone by recooling said Zone to 
about -196° C., introducing Oxygen into said 
combustion Zone under a pressure of about 2 mil 
limeters of mercury, isolating said combustion 
Zone and raising its temperature to ordinary 
room temperature, burning the mixture of hy 
drocarbon gas and oxygen by means of an elec 
trical discharge, condensing the combustion prod 
ucts by recooling said combustion Zone to about 
-196° C., removing excesis oxygen, raising the 
temperature of the combustion Zone to about 
-80° C., measuring the pressure exerted by the 
resultant expanded gas in a zone of known vol 
une and determining the amount of carbon di 
oxide produced by Said burning by comparing 
Said last named pressure With the pressure ex 
erted by Said particular hydrocarbon When the 
temperature of said combustion chamber Was 
previously raised to about -80° C. prior to said 
burning, and successively distilling each higher 
boiling hydrocarbon in said distillation Zone and 
subjecting the thus separated hydrocarbon to the 
Viscosity mea Suring, burning and associated Steps 
in the manner aforesaid whereby each hydrocar 
bon of from 2 to 5 carbon atoms and the com 
posite concentration of hydrocarbons of two to 
five carbon atoms in the gas sample are deter 
mined. ARCHILET. CLOTHIER. 
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