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This invention relates to the puri?cation of 
substances including hydrocarbons and the like, 
and more particularly to the removal of sulfur 
bearing complexes or complex sulfur compounds 
from petroleum hydrocarbons. > . 

,Crude oil, in some cases, is characterized by 
the presence of objectionable quantities of sul 
fur compounds, mostly in complex form, which 
must be removed or substantially reduced in 
amount, dependent on the use of the ?nal prod 
ucts, to eliminate possible corrosion by such ?nal 
products when put in use. Such sulfur com 
pounds are further objectionable in such ?nal 
products as fuels for internal combustion en 
gines in that they may tend to reduce the e?i 
ciency of antiknock compounds such as tetra 
ethyl lead, and may, when used alone, reduce 
the octane number of the fuel. Such crudes can 
not be handled by conventional re?ning methods 
because of the corrosive effect of the sulfur com 
pounds. Modi?cation of the usual re?ning proc 
esses plus additional steps are required in the 
re?ning of such crudes ‘to either abstract the 
sulfur compounds or reduce them to unobjec 
tionable amounts. 
require expensive and special apparatus, involve 
corrosion problems, and add materially to the 
cost of the ?nal products. 
While it is known that certain microorganisms 

will attack complex sulfur compounds, the action - 
01' such microorganisms is generally very slow 
and becomes slower as the extent of metabolism 
proceeds because of the accumulation of the prod 
ucts of metabolism which may be used in further 
metabolism by the microorganisms and therefore 
divert them from the originally desired activity. 
To illustrate certain species of Pseudomonas bac-' 
teria and other microorganisms may metabolize 
the sulfur complexes in a petroleum hydrocarbon 
to sulfates which may then be used by them to 
attack hydrocarbons instead of the organic sulfur 
complexes. This will slow the metabolism to a 
point whereby the desired metabolism can be said 
to have reached equilibrium and will be halted. 
In the case of sulfur removal this is highly 0b 
jectionable. 
One object of this invention is to provide a 

novel process wherein the removal of so-called 
impurities from substances by microbial action is 
promoted. 
Another object of this invention is to provide a 

novel process wherein the metabolism of such im 
purities as complex sulfur compounds in petro 
leum hydrocarbons is maintained at a relatively 
rapid rate, the retarding or diverting effect of a 

Such process modi?cations ~ 
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product of the metabolism being substantially 
eliminated. - 

Another object of this invention is the pro 
vision of a novel process wherein the removal of 
impurities such as complex sulfur compounds 
from petroleum hydrocarbons is rendered more 
complete. ' 

Other objects and advantages of the invention 
will appear from the following description and 
claims. 
Brie?y described, the present invention can be 

said to involve the removal as by conversion or 
metabolism of a relatively complex so-called im 
purity from a substance such as crude oil or hy 
drocarbon fractions by the action of selected mi 
croorganisms which act upon the impurity to 
form certain products of metabolism; and the 
action of different selected microorganisms which 
act upon the products of metabolism of the ?rst 
microorganisms and convert such products to 
readily removable or separable products. More 
speci?cally, the invention involves the metabolism 
or conversion in petroleum hydrocarbons of com 
plex sulfur compounds to sulfates by the action 
of certain speci?c microorganisms, and the re 
duction of the sulfates to easily removed prod 
ucts such as hydrogen sul?deby sulfate-reduc 
ing microorganisms. 
As an illustration of an application of the in 

vention, bacteria such as certain species of Pseu 
domonas, Alcaligenes, Bacillus or other genera or 
any microorganisms which are capable of con 
verting the sulfur-bearing complexes in a petro 
leum hydrocarbon to sulfates are grown in a min 
eral-salt nutrient medium in the presence of a 
small proportion, about 5 to 20%, of the petro 
leum hydrocarbon to be treated, and in the sub 
stantial absence of inorganic sulfur. Such min-, 
eral salt mediums or nutrient solutions are well 
known‘to the art, one example being formed of 
1000 ml. of distilled water having the following 
mineral content: 

Grams 
NaH2PO4H2O __________________________ _ _ 1 

Kai-IP04 _ _ .. _ _ _ ____ _ _ 2 

NH4NO3 _ _ _ ___ _ 2 

MgClz?HzO __..__'_ ______________________ __ 0.25 

MllCl24H2O ____________________________ __ 0.0 1 

CaCOa ________________________________ __ 0.0 1 

FeCl2 __________________________________ __ 0.01 

The medium may be further altered by the addi 
tion of pure accessory growth substances, i. e., 
vitamin and/or amino acids to promote growth 
of any desirable microorganism. The pH is pref~ 
erably adjusted so that after sterilization, it is 
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about 7. The addition of certain ions such as 
copper, mercury, zinc, bismuth and iodine to the 
medium in trace amounts may stimulate the ac 
tivity of the microorganisms. Care must be ex 
ercised in the amount added since whensuch 
ions are present in more than trace amounts, they 
tend to poison the microorganism. 

Sulfate-reducing microorganisms such as bac 
teria of the anaerobic type (Vibrio desulfuricans, 
Vibrio estuarii, Vibrio thermodesulfuricans, or 
Desulfovibrio being mentioned by way of exam 
ple) are grown in another lot of a, medium such 
as the following: 

K2HPO4 ____________________________ __g__ 0.5 
NHiCL _____________________________ __g__ 1 
MgSO4HI-I2O ________________________ __g__ 2 
CaSO4.2HaO _________________________ __g__ 1 

or 

Nit-2804 ____________________________ __g__ 1 

ICaClzZI-IzO _________________________ __g__ 0.1 
Crude oil ____________ _'_ ______________ __g__ 3.5 

Mohr’s salt (ferrous ammonium sulfate) __ Trace 
H2O _________ _'_ _________________ __ml__ 1000 

Incubation is under anaerobic conditions. After 
good growth is obtained, the culture is centri 
fuged and washed with 0.85% sterile saline solu 
tion to remove excess sulfate. 
The crude oil or hydrocarbon fraction to be 

processed is then inoculated with the two cul 
tures, the sulfate reducer preferably being added 
after sulfate has become available from the or 
ganism attacking the sulfur complex. 
The conditions maintained are such as to en 

courage both metabolisms, i. e., the action of 
both sets of microorganisms. Preferably, the 
conditions are such that the‘ temperature is 
maintained within a range of 25 to 30° C. and 
the pH within a range of 6.5 to 7.5. In their 
action upon the hydrocarbon, the Pseudomonas. 
or other organism selected as the sulfate pro 
ducer functions to assimilate the sulfur-bearing 
complexes, the resultant end-product being sul 
fate with a small proportion of some water-solu 
ble organic intermediate compounds. Whereas 
the sulfate would immediately operate to slow 
down or divert the action of the Pseudomonas 
and in time might halt its organic sulfur con 
version completely, the sulfate-reducing micro 
organism operates immediately to reduce sub 
stantially all the sulfate to hydrogen sul?de 
which may be readily removed. Thus the Pseudo 
monas immediately produces more sulfate from 
the sulfur complex in the hydrocarbon, thereby 
effecting the destruction of more of the sulfur 
complex. The net effect is the continued removal 
of one of the products of the initial decomposi 
tion whereby the reaction proceeds to comple 
tion. 
By delaying the inoculation with the sulfate 

reducer until the ?rst organism, i. e. the sulfate 
producer has grown to some extent, the growth 
of the latter will reduce the oxidation-reduction 
potential in addition to producing sulfate so that 
the sulfate-reducer will encounter an environ 
ment more suited to its growth. Ammonium ni 
trate can be made available to satisfy the ammo 
nium-nitrogen necessary for the growth of the 
sulfate-reducer, the nitrate-nitrogen also being 
available for the sulfate-producer which may also 
secure its oxygen therefrom. If the sulfate-pro 
ducer is of a specie that cannot use oxygen in 
this form, citrate, lactate and equivalen'ts can be 
used where atmospheric oxygen is not available. 
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If the speci?c sulfate producing organism will 
not lower or maintain the necessary oxidation 
reduction potential for the anerobe, then a meth 
od of electrolytically controlling the potential 
can be used. A typical method is disclosed in a 
report in Archives of Biochemistry 2 183 (1943) 
by Martin E. Hanke and Gale J. Katz entitled 
"An Electrolytic Method for Controlling Oxida 
tion-Reduction Potential and Its Application In 
The Study of Anaerobiosis." Under these con 
ditions the reaction can be carried out in a stream 
of air. 

If desired, the hydrogen sul?de produced by 
the sulfate-reducer may be removed as soon as 
formed by passing a relatively inert gas through 
the liquid. The gas can be cleaned subsequently 
of the hydrogen sul?de and recycled. 
While some hydrocarbon may be converted by 

the microorganisms in the conversion of the 
sulfur complexes and the sulfates, the amount of 
hydrocarbon lost in this manner can be con 
sidered negligible. 
The principle of the invention may be appli 

cable to processes other than the desulfurizing of 
hydrocarbons which has been discussed only by 
way of example. The process of the invention 
is applicable to any like processing wherein the 
products of the ?rst metabolism are susceptible 
of conversion by a second microorganism or 
group of microorganisms to readily removable 
products. 

It will be noted that throughout the process 
described, the desired speci?c action can proceed 
for a longer period of time, resulting in more 
complete action, and that the action of the ?rst 
microorganisms, the sulfate-producer, is such as 
to produce and maintain the most favorable con 
ditions for the second microorganisms, the sul 
fate-reducers. _ 

The term “microorganisms” as used herein is 
intended to include bacteria, their enzymes and 
other products as well as related fungi and molds. 

Obviously many modi?cations and variations 
of the invention as above setforth may be made 
without departing from the spirit and scope 
thereof, and therefore only such limitations 
should be imposed as are indicated in the append 
ed claims. 

I claim: 
1. A method for converting or metabolizing rel 

atively complex sulfur compounds in petroleum 
hydrocarbons to readily removable products by 
microbial action comprising the steps of subject 
ing hydrocarbons under metabolizing conditions 
to the action of bacteria selected from the class 
consisting of species of Pseudomonas, Alcaligenes 
and Bacillus, and subjecting the products of the 
metabolism to the action of sulfate-reducing 
bacteria. selected from the class consisting of 
species of Vibrio desu'lfuriwns, Vibrio estaurii, 
Vibrio thermodesulfuricans and Desulfovibrio. 

2. The method of claim 1 wherein said ?rst—_ 
mentioned bacteria are grown in a mineral-salt 
medium containing a small proportion of the hy 
drocarbon to be'treated and in the substantial 
absence of inorganic sulfur prior to charging 
the bacteria to the main portion of hydrocarbon 
to be treated. 

3. The method ‘of claim 1 wherein said ?rst 
mentioned bacteria are grown in a mineral-salt 
medium containing about 5 to 20% of the hy 
drocarbon to be treated and in the substantial 
absence of inorganic sulfur prior to charging the 
bacteria to the main portion of the hydrocarbon 

7‘ to be treated. 
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4. A method for converting or metabolizing 

relatively complex sulfur compounds in petro 
leum hydrocarbons‘ to readily removable prod 
ucts by microbial action comprising the steps of 
subjecting hydrocarbons under metabolizing con- 5 
ditions including a temperature in the range of 
25 to 30° C. and a. pH in the range of 6.5 to 7.5 
to the action of bacteria selected from the class 
consisting of species of Pseudomonas, Alcaligenes 
and Bacillus, and subjecting the products of the 
metabolism to the action of sulfate-reducing bac 
teria selected from the class consisting of species 
of Vibrio desulfuricans, Vibrio estuarii, Vibrio 
thermodesulfuricans and Desulfovibrio. 

RAYMOND J. STRAWINSKI. 
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