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The present invention is directed to a method 
for the utilization of hydrocarbons, particularly 
those gaseous hydrocarbons which react with 
difficulty and, therefore, have hitherto been use 
full primarily as fuel. 

in the production of oil there is practically 
always a simultaneous production of gas. This 
gas must be disposed of in Some way. It is often 
too expensive to pipe it to populated communi 
ties for use as fuel, and/or undesirable to return 
it to the formation from which it came. 
made up to a large extent of paraffins such as 
ethane, methane, propane and the like, which 
can be reacted chemically only with great diffi 
culty and, therefore, do not end themselves to 
conversion into useful products. As a conse 
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quence, this gas is Ordinarily burned in the open . 
air. This constitutes very considerable waste of 
natural resources which has presented a problem 
to the oil industry for many years. . 

In addition to the natural source of these hy 
drocarbon gases, there is the refinery source. In 
practically all cracking processes, or other proc 
esses involving hydrocarbon conversion, there are 
produced large quantities of fixed hydrocarbon, 
gases, which always represent a loss. Ordinarily, 
for want of a better outlet, these gases are burned 
for fuel in the refinery operations. 
The present invention is based on the discovery 

that hydrocarbons of the paraffinic type can be 
converted by bacterial action into useful prod 
lucts. There are a number of bacteria, which may 
be referred to generally as Bacillus paraffinicus, 
of which Bacillus methanicus and Bacillus 
ethanicus may be mentioned as examples, which 
have the property of consuming hydrocarbons. 
(See U. S. Patents 2,269,889, issued January 13, 
1942, to L. W. Blau, and 2,294,425, issued Septem 
ber 1, 1942, to R. T. Sanderson.) It was originally 
assumed that these bacteria, in consuming hydro 
carbons, converted then into carbon dioxide and 
water. It has been found, however, that under 
Suitable conditions the action of the bacteria re 
sults in the synthesis from these light hydrocar 
bons of Oxygenated organic compounds of various 
molecular weights, from low boiling alcohols to 
waxy acids, esters and alcohols. When the reac 
tion is permitted to proceed to completion the 
product is predominately a heavy waxy body 
composed of fatty acids and esters thereof, which 
may be readily Saponified. 
These hydrocarbon consuming bacteria are 

aerobic in character, so that it is necessary to 
Supply Oxygen with the hydrocarbons in carrying 
out the method of the present invention. The 
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reaction seems to be accelerated by an increase 
in pressure, and the formation of the higher 
bodies is favored by exposing the reaction mass 
to ultra violet light. The reaction requires the 
presence of mineral food for the bacteria. These 
mineral foods are generally selected from the Well 
known plant foods, such as calcium and potas 
sium salts of nitric and phosphoric acids. A suit 
able salt mixture for the growth of the bacteria 
is calcium sulfate, magnesium annonium phos 
phate and di-potassium phosphate. 

It has been found that the presence of minute 
amounts of heavy metal salts, particularly of the 
water soluble type, favors the production of the 
heavy waxy bodies. Since the reaction is ordi 
narily carried out in an aqueous medium, the 
desired amount of heavy metal Salt may be in 
corporated by adding to the Solution a quantity 
of heavy metai salt, such as lead Sulfide, which 
has only a slight solubility in water. Among the 
suitable heavy metal salts may be mentioned vari 
ous salts of mercury and bismuth, tin, Zinc and 
the like. Care must be taken in the use of these 
accelerators, since when they are present in more 
than minute amounts they tend to poison, the 
bacteria. 
The present invention may be better under 

stood from the following detailed description of 
the accompanying drawing in which the single 
figure is a front elevation in diagrammatic form 
of one type of apparatus suitable for the practice 
of the present invention. 

Referring to the drawing in detail, numeral 
represents a well, which may be a distillate well, 
producing naphtha and light gaseous hydrocar 
bons through a producing string 2. This hydro 
carbon mixture is usually processed at the Sur 
face to separate the distillate from the gaseous 
hydrocarbons, preferably by a method which 
leaves the gaseous hydrocarbons substantially at 
the well head pressure. For the purpose of illus 
tration, vessel 3 may be assumed to represent a 
treating plant for the separation of the distillate 
from the gas, the distillate being withdrawn 
through an outlet 4 and the gas through an out 
Jet 5. It will be understood, of course, that this 
separating plant may involve a number of pieces 
of apparatus and a number of process steps, all 
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of which are represented symbolically by the ves 
sel 3. The gas leaving through Outlet 5 will ordi 
narily contain. C1-C4 hydrocarbons and consti 
tutes an excellent raw material for the practice 
of the present invention. 
The outlet 5 discharges into a vessel 6 in which 

is arranged a plurality of trays , each provided 



2 . 

line 5 a branch line 9, which is supplied with air 
by a compressor 0, and is provided with a valve 

f. The valve f is regulated to permit the inflow 
of compressed air in any desired quantity. The 
proportion of air to hydrocarbon gas may vary 
within fairly wide limits. A suitable ratio is one 
part of air to two parts of hydrocarbon gas. The 
air may, if desired, be employed in equal molec 
ular proportions with the hydrocarbons. That is 
to say, the amount of air supplied may be suff 
cient to provide one molecule of oxygen for each 
hydrocarbon molecule. It will be appreciated 
that the nature of the products obtained will 
depend upon the amount of air supplied, among 
other factors, and that for the production of any 
given product the optimum amount of air to be 
employed can be readily determined by experi 
ment. 
The bubble caps are so constructed as to pro 

vide for a substantial layer of liquid on each tray. 
This liquid will ordinarily be an aqueous solution 
of certain salts of the type hereinbefore men 
tioned, inoculated with hydrocarbon consuming 
bacteria. The bacteria used for the inoculation 
may be obtained from soil overlying petroleum 
depositS. by simple extraction with water. This 
inoculated solution is introduced into the top of 
the vessel 6 through a pipe 2 provided with a 
valve 3. The gas mixture enters the vessel below 
the bottom tray and moves upwardly through 
the vessel while the inoculated solution moves 
downwardly through the vessel and collects in 
the bottom. An outlet 4, controlled by a valve 
5 is connected to the bottom of the vessel at a 

point below the normal liquid level therein, for 
the withdrawal therefrom of fluid which has been 
Subjected to the hydrocarbons and which will 
contain reaction products. 
The vessel 6 will be made of sufficient height 

and provided with a sufficient number of plates 
to provide a suitable residence time for the 
reactants. In practice it is preferred to maintain 
a relatively slow rate of travel of the reacting 
fluids. For example, the rate of travel of the 
liquid may be such that any given part of it will 
remain in the vessel for a period of about an 
hour. The Speed of travel of the gas may be 
regulated to obtain the greatest consumption of 
hydrocarbons for a once through operation under 
the operating conditions employed. It will be 
understood, of course, that a battery of vessels 
like 6 may be employed and the hydrocarbon gas 
passed through them in parallel or in series, pref 
erably with intermediate regulation of the air 
hydrocarbon ratio in the latter case. 

If desired the vessel 6 may be provided, between 
the plates, with ultra violet lights f. The pres 
Sure in this vessel is maintained by adjustment 
of a valve it in an outlet line 8 connected to 
the top of the vessel. This pressure may be so 
maintained that, after passing through the proc 
ess, the residual gas can, at very slight cost for 
additional compression, be reintroduced into the 
formation from which it came. The temperature 
of the reacting fluid will preferably be kept in the 
neighborhood of temperate atmospheric temper 
ature. If the atmosphere happens to be cold, the 
temperature of the liquid can be regulated by 
introducing a heat exchanger into the feed 
line 2. 
The outlet line f4 empties into a settler 9, to 

the bottom of which line 2 is connected for 
recirculation of the culture medium through the 
vessel 6. The oxygenated products, at least in so 
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with bubble caps 8. There is connected to the far as they are of high molecular weight, will 
float on the top of the fluid in vessel 9 as a scum 
and can be withdrawn through a line 20. 
Any low boiling alcohols formed may, to a cer 

tain extent, be carried off in vaporized form, with 
the gas leaving the system through line 8. For 
this reason these gases are passed through a con 
denser 2 and then into a collection vessel 22, 
from the bottom of which any fluid may be with 
drawn through line 23 and from the top of which 
gaS is withdrawn through line 2. This gas, as 
has previously been indicated, may be passed 
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such pressures are not required, and that the gas 

through additional units like 6, or, if desired, may 

i. 

be further compressed and reintroduced into the 
earth, or may be used as a fuel. 

In the foregoing illustration the method has 
been described with reference to a gas producing 
well. 
source of gas may be a cracking unit or other 
processing unit in a refinery. Again, while in 
the System described the operation is carried out 
under high pressure, it will be understood that 

can be introduced into the System at a pressure 
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only sufficiently high to enable it to pass through 
the System. Finally, the process can be carried 
out on the batch principle as well as on a con 
tinuous basis. Batch operation, however, re 
quires a great many vessels to take care of the 
flow of gas from a well, and for this reason is 
less desirable than the continuous plant. 
While the lightest hydrocarbon gases will or 

dinarily be converted into oxygenated com 
pounds, the heavier hydrocarbons, such as bu 
tane, etc., are capable of undergoing a slightly 
different type of reaction when subjected to the 
method of the present invention. These heavier 
molecules are more or less readily susceptible to 
conversion to unsaturates by the withdrawal of 
hydrogen. Many of the unsaturates so produced 
are much more valuable than the original par 
affins and furthermore are capable of undergo 
ing polymerization in situ to produce heavy hy 
drocarbon molecules. 
The nature and objects of the present inven 

tion having been thus described and illustrated, 
what is claimed as being new and useful and is 
desired to be secured by Letters Patent is: 

1. A method for converting normally gaseous 
parafiinic hydrocarbons into oxygenated organic 
compounds which comprises contacting said hy 
drocarbons in the presence of oxygen with an 
aqueous Solution of plant food inoculated with 

It will be apparent, of course, that the 

hydrocarbon-consuming bacteria of the group 
consisting of Bacillus methanicus and Bacillus 
ethanicus and recovering from said aqueous solu 
tion conversion products of said hydrocarbons. 

2. A method according to claim 1 in which the 
hydrocarbon gases are passed counter-currently 
through the aqueous solution. 

3. A method for converting normally gaseous 
parafiinic hydrocarbons into oxygenated organic 
compounds which comprises passing said hydro 
carbons counter-currently through a stream of 
an aqueous solution of plant food inoculated with 
hydrocarbon-consuming bacteria of the group 
consisting of Bacillus methanicus and Bacillus 
ethanicus while subjecting said stream to the 
action of ultra-violet light and supplying oxygen 
for the growth of said bacteria and recovering 
conversion products of said hydrocarbons from 
Said aqueous stream. 

4. A method according to claim 1 in which the 
action of the hydrocarbon-consuming bacteria 
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on the hydrocarbons is conducted under the in 
fluence of ultra-violet light. 

5. A method according to claim conducted 
under superatmospheric pressure. 

6. A method according to claim 1 conducted 5 
under superatmospheric pressure in the presence 
of ultra-violet light. 

7. A method for handling the gaseous effluent 
from a gas producing well which comprises sub 
jecting said gas to the action of an aqueous solu- 0 

tion of plant food inoculated with hydrocarbon 
consuming bacteria of the group consisting of 
Bacillus methanicus and Bacillus ethanics with 
out any substantial release of the pressure under 
which said gas is produced while supplying 
Oxygen for the growth of said bacteria and re 
turning said gas to the formation from which it 
was produced after said treatment. 

MARD STAGGAR, JR. 


