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This invention relates to a process of re?ning hydro 
carbon oils containing nitrogen-base compounds with 
phosphoric acid and the recovery and reuse of the acid 
in the process. I 
Many crude petroleum oils contain small amounts of 

various nitrogenous compounds.‘ These have been identi 
lied in part as certain pyridines, e.g. 3- and 4-cyclopentyl 
pyridine and 2,4-dimethyl-6-(2,2,6-trimethylcyclohexyl) 
pyridine, and quinolines, e.g., 2,3,8- and 2,4,8-trimethyl 
quinoline and 2,4-dimethyl-8—isobutylquinoline. These 
nitrogenous compounds have potentially great value as' 
chemical and dye intermediates‘. However, when pres 
ent in various hydrocarbon oil fractions, such as mineral 
lubricating oils, fuel oils, diesel oils, and gasolines, they 
may cause deposit or lacquer formation in the systems 
in which the oils are used. Thus, small traces of nitrog 
enous compounds in mineral lubricating oils may cause 
lacquer formation on the walls of the cylinders of diesel 
engines in which such oils are used, and in gasolines 
may cause fouling in the inlet manifold systems of in 
ternal combustion engines. . 

Nitrogenous compound are removed to a varying ex 
tent in conventional re?ning processes, such as distilla 
tion, solvent extraction, and acid and clay treating. The 
usual method of removing nitrogenous compounds from 
hydrocarbon oils in a separate operation is extraction 
with sulfuric acid in the liquid phase. However, when 
using this process speci?cally for removing nitrogenous 
compounds (as distinct from using it to achieve some 
other end and only incidentally removing any mtrog 
enous compounds which may be present) there are cer 
tain disadvantages. Thus, sulfuric acid may extract and/ 
or oxidize valuable components other than the nitrog 
enous compounds and may partially oxidize nitrogen 
compounds, the spent sulfuric acid is di?icult to recover 
and it is di?icult to‘ recover the nitrogenous compounds 
from the spent sulfuric acid. 
As an acid phosphoric acid is also available to remove 

basic nitrogenous substances. It gives an advantage of 
not oxidizing and degrading the nitrogen compounds. 
However, phosphoric acidis well known to be a much 
weaker acid than sulfuric acid and it is usually the desire 
to remove even the weakest basic nitrogenous substances 
so that the usual practice is to use sulfuric acid. 

The nitrogenous material is usually recoverd from the 
acid extract by neutralin'ng the acid with an alkali, such 
as sodium hydroxide, to “spring” the nitrogen bases. 
This, however, has the disadvantage of converting the 
acid to salt, so that/it is not economically feasible to 
recover the acid for reuse. 

It is a principal object of this invention to provide an 
improved process for the removal of nitrogenous com 
pounds from hydrocarbon oils. A further object is to 
provide such a process wherein the nitrogenous com 
pounds are recoverable without appreciable change in 
chemical nature. Another object is to provide such a 
process in which the extracting agent for removing the 
nitrogenous compounds is readily recovered from the ex 
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2 
tractinaformsuitableforremeintheproceas. These 
objects will be better understood and others will appear 
from the description of the invention. 

It has now been found that hydrocarbon oils may be 
treated with phosphoric acid to obtain an extract con 
taining the nitrogenous impurities and the phosphoric 
acid in the extract recovered in a form suitable for reuse 
as an extracting agent. The said proees comprises 

(UhMixing the oil with phosphoric acid in the. liquid 
p ms ' 

(2) Separating the oil from the spent phosphoric acid 
extract, 

(3) Mixing the extract with water and a volatile water 
immiscible organic solvent, and, if required to ensure 

‘ phase separation, 'a volatile water-miscible organic 
solvent, 

(4) Stratifying and separating the aqueous phase con 
taining the phosphoric acid from the water-immiscible 
orgamc solvent phase containing the extracted mtrog 
enous compounds, and 

(5) Distilling the said aqueous phosphoric acid phase to 
remove any water-miscible organic solvent present and 

I a portion of the water present to produce a residual 
aqueous phosphoric acid of suitable strength for reuse 
to extract nitrogenous compounds from a further por 
tion of hydrocarbon oil. 

.It is possible to recover the nitrogenous compounds 
from the organic phase separated in step (4) above, 
for example by distilling otf the solvent. The organic 
solvents used, can, of course, be recovered and recycled 
in the process. 
The hydrocarbon oils to which this invention is appli 

cable include mineral lubricating oils, gas oils, diesel 
‘fuels,- jet fuels, gasolines and fuel oils. It is particularly 
applicable to mineral lubricating oils and gasolines which, 
owing to the particular re?ning processes used to pro 
duce them, still have a high nitrogen content. 
The phosphoric acid employed preferably has a con 

centration of between 80% and 95% by weight H,PO4, 
and more preferably a concentration of 87% to 90% 
by weight H,PO4. ' It is also preferably concentrated 
to at least 80% by weight concentration in the recovery 
stage, although since a certain amount of make-up acid 
will be required periodically, the acid recovered can be 
a little less concentrated than the acid used in the ex 
traction, the make-up acid being of such a strength as ‘ 
to give the desired concentration for extraction. Lower 
concentrations of acid can be used in the extraction, 
for example down to about 70% by weight, butythe per 
centage of nitrogen compounds extracted then decreases. 

In some cases, as for example, when emulsi?cation 
between the aqueous phase and the water immiscible sol 
vent phase tends to occur, the use of a relatively water 
miscible solvent improves separation between the phases. 
The volatile water-miscible organic solvent in many cases 
may be a volatile water-miscible‘ ketone, alcohol, ether 
or ester. Suitable solvents are methyl, ethyl, isopropyl, 
n-propyl or tertiary butyl alcohol, acetone, methyl ethyl 
ketone, methyl acetate or formate, methylal, dioxane and 
ethylene glycol monomethyl ether. The solvent will usu 
ally have a boiling point below 125' C. and a solubility 
in H3O of over 300 g. per liter at 20° C. Preferably 
it has a boiling point below 100'’ C., for example between 
60° C. and 95' C. . 
The volatile water-immiscible “solvent may be 

a volatile hydrocarbon such as gasoliiie, petroleum spirits, 
naphtha, benzene, xylene, toluene, hexane, heptane, oc 
tane, cyclohexane and methyl cyclohexane. Non-hydro 
carbons, such as chloroform, carbon tetrachloride, di 
butyl ether, dimethyl carbonate, and tri- or tetrachloro 
ethane,mayalsobeusedandingeneralgiverisetoless 
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water'immiscible solvent will have a boiling point below 7 
160' C. and the solubility-in 11,0 of under 25 g. per liter 
at 20° C. Preferably it has a boiling point below 
120' C. ' ‘ _ v 

The treatment of the oil with the ‘phosphoric acid may 
be carried out batchwise or continuously, and in a single 
stage or plural stagewise. The treatment is usually car 
ried out at a temperature between 15° C. and 100' C., 
preferably’between 40' C. and '60’ C. The ratio of oil 
to phosphoric acid employed depends on a number of 
factors, such as thetype and quantity of nitrogenous 
compounds to be extracted, the concentration of the 
acid used andthe method of contacting employed. Gen 
erally a weight ratio of oil to phosphoric acid of between 
100:1 and 1:1 will be employed. The duration of the 
acid treatment may vary considerably, for example from 
a few minutes to several hours. .. 

- When the acid treatment is completed, the- oil is 
separated from the spent acid, for example in a centrifuge 
or by settling and separation, and may then be freed from 
the last traces of acid by washing with water or alkali 
or by treatment with adsorbent clays, with or without a 
solid alkaline material, such as lime. 
Recovery of the phosphoric acid from the spent acid in 

a form suitable for'reuse in the process presented great - 
di?culty before discovery of the present method. Thus, 
the mere addition of water to the'spent acid fails to re 
lease the'extracted nitrogenous compounds and, more 
over, distillation of the spent acid, even under reduced 
pressure, is useless because water is lost to form pyrophos 
phoric acid. when, however, water and a volatile water 
immiscible organic solvent, such as petroleum spirit, are 
added to the spent acid, the extracted nitrogenous com 
pounds enter the water-immiscible phase, which can be 
separated from the aqueous phase containing the phos 
phoric acid. Water is added to the spent acid to dilute it 
and so facilitate the transfer of the nitrogenous compounds 
to the water-immiscible organic solvent phase. This dilu 
tion water may be added before, simultaneously with or 
after the addition of the solvent to the spent acid, provided 

8‘ the whole is well mixed before the separation of the aque 
ous and water-immiscible organic solven phase is carried 
out. Generally, su?icient water will be added to dilute the 
phosphoric acid in the aqueous phase to between 25 and 
60%, preferably 40 and 55%, by weight H;PO4. To 
facilitate separation of the two phases in some cases, a 
relatively water-miscible organic solvent is added. The 
separated water-immiscible phase is then preferably _ 
treated to recover both the water-immiscible solvent and 
the extracted nitrogenous compounds, while the aqueous 
phase is distilled to remove any water-miscible solvent 
used and su?icient water to leave a phosphoric acid of 
sufficient strength for reuse in the process. This dis 
tillation is preferably carried out under reduced pressure. 
The water-miscible solvent, if used, can be dehydrated, 
if necessary, before recirculation to the process, although 
clearly complete dehydration is not necessary. 
The invention is illustrated by the following examples 

in which the parts referred to are parts by weight unless 
otherwise stated and the relationship of the parts by 
weight to the parts by volume is that of the kilogram 
to the liter. ‘ 

Example I 
720 parts of a mineral lubricating oil having a vis~ 

cosity of 170 seconds Redwood I at 140' F. and a nitro 
gen content of 67 parts per million (p.p.m.) extracted 
with 80 parts of phosphoric acid { 89% by weight H,PO4) 
by intimately mixing the oil and acid for 20 minutes at 
20‘ C. The oil and spent acid were then allowed to 
stratify and the layers were separated. The oil then had 
a nitrogen content of 17 p.p.m. ' 
To the separated spent acid there were added 60 parts 

by volume of water, 60 parts by volume of isopropyl 
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alcohol and 100 parts by volume of petroleum spirit 
(boiling range 60‘ C.>to 80' C.) and the "whole inti 
mately mixed and then allowed-to settle and separated. 
The petroleum spirit was distilled from the separated 
petroleum spirit phase to leave 4 parts of a residue which 
consisted mainly of nitrogenous compounds. 
The aqueous phase was distilled at 150° C. and under 

a pressure of about 20 ml. of mercury .to remove the 
isopropyl alcohol and some water and leave 83.5'parts 
of phosphoric acid (84% by weight H;PO‘). This acid 
was then used in the extraction of a further quantity of 

4 Example 11 

400 parts of a mineral lubricating oil having a viscosity 
of 170 seconds Redwood I at 140° F. and a basic nitrogen 
content of 6 parts per million extracted with 44.4 parts 
of phosphoric acid (88% by weight H;PO4) by intimately 
mixing the oil and the acid for 30 minutes at room tem 
perature. The oil and spent acid were then allowed 
to settle and were separated. The oil had a basic nitro 
gen content of 2 p.p.m. _ ' ' ’ _ ' . 

To the separated spent acid, there were added 100 
parts by volume of water, 125 parts by volume of acetone 
and 125.parts by volume of petroleum spirit (boiling, 
range 60° C. to- 80‘ C.) and the whole intimately mixed, 
allowed to settle and separated. The petroleum spirit 
was distilled of from the separated petroleum spirit phase 
to leave 0.2 part of a'residue which consisted mainly of 
nitrogenous compounds. ' ' l 

The aqueous phase was at 150' C. and under 
a pressure of 40 mm. mercury .to remove the acetone 
and some water and leave 45 parts of phosphoric acid 
(87% by weight H,PO4). This represented a 99.2% 
recovery of the phosphoric acid which was thenused in 
the extraction of a further quantity of the lubricating oil. 

Example Ill 
400 parts of a mineral lubricating oil havingv a viscosity 

of 170 seconds Redwood I at 140' F. and a basic niu‘o 
gen content of 6 parts per million were extracted with 
42 parts of phosphoric acid' (88% by weight H,PO4) by 
intimately mixing the oil and the acid for 15 minutes at 
25‘ C. The oil and spent acid were then allowed to 
settle and separated. The oil then had a basic nitrogen 
content of 2 p.p.m. ' 
To the separated spent acid there were added 100 

parts by volume of water and 100 parts by volume of 
' chloroform and the whole intimately mixed, allowed to 
settle and separated. The chloroform was distilled'otf 
from the separated chloroform phase to leave 0.2 part of 
a residue which consisted mainly of nitrogenous com 
pounds.‘ The aqueous phase was distilled at 150' C. 
and under a pressure of 1 to 2 mm. mercury to remove 
all the water and leave 36.6 parts of phosphoric acid 
(100% by weight H,PO4). This represented a 99% re 

. covery of the phosphoric acid which was then used in 
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the extraction of a further quantity of the lubricating oil. 

Example IV ' 

A straight-rungas oil having- a nitrogen. content of 
50 parts per million was ‘agitated with 10% by volume 
of phosphoric acid (88% by .weight H,PO4) for 10 
minutes at 25' C. The oil and spent acid were then ' 

allowed to settle and separated. The separated gas was washed with dilute caustic soda to remove the last 

traces of acid andiwas then found to have a nitrogen. 
content of '30 parts per million. 
To the separated spent acid, there was added an equal 

volume of petroleum spirit (boiling range 60' C.- to 
80' C.) and an equal volume of water and the whole 
intimately mixed and then allowed to settle and sepa 
rated. The aqueous phase was distilled at 150‘ C. and 
under a pressure of 20 mm. mercury to removev some - 
of the water and leave a concentrated phosphoric acid 
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(84% by weight H3PO‘) which was used in the extrac 
tion of a further quantity of the gas oil. 

It was found that this treatment of gas oil with phos 
phoric acid not only lowered the nitrogen content of the 
oil, but also lowered the insoluble gum content. Thus, 
the gas oil treated in this example, on heating for one 
hour at 150° C. had an insoluble gum content of 4.6 
mg. per 100 ml. After the treatment with phosphoric 
acid, however, as described in the example and then 
heated for one hour at 150° C., the insoluble gum con 
tent was only 1 mg. per 100 ml. 

I claim as my invention: 
1. A process for removing nitrogen bases from hydro 

carbon oils with phosphoric acid and then regenerating 
said spent liquid aqueous phosphoric acid treating solu 
tion containing nitrogenous compounds extracted from 
the nitrogen base-containing hydrocarbon oil, the steps 
comprising intimately mixing said spent phosphoric acid 
containing nitrogenous compounds with added water and 
a relatively water-immiscible organic solvent having a 
boiling point below 160° C. at atmospheric pressure and 
a solubility in water under 25 grams per liter at 20° C. 
to achieve a substantially complete transfer of the nitrog 
enous compounds from the phosphoric acid to the water 
immiscible organic solvent, said water being added in an 
amount suf?cient to dilute the spent acid to a phosphoric 
acid concentration greater than 30 percent and not more 
than 60 percent by weight H3PO4, separating the aqueous 
phosphoric acid phase from the organic solvent and 
thereafter distilling the aqueous phosphoric acid phase 
to remove from it such a quantity of water as to provide 
a regenerated phosphoric acid of snf?cient strength for 
reuse in extraction of nitrogen bases from a further 
quantity of hydrocarbon oil, said distilling being carried 
on to provide a regenerated acid of at least 70 percent 
by weight H3PO‘, and reusing the regenerated acid for 
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removing the nitrogen bases from said hydrocarbon oils 
containing the same. 

2. The process of claim 1 wherein the phosphoric acid 
is initially added in the form of an aqueous solution of 
over 70 percent concentration to give a weight ratio of 
oil to acid of from 100:1 to 1:1, the added water is 
su?icient to dilute the acid in the aqueous phase to a 
concentration of from 40 to 55 percent by weight H3PO4, 
and the aqueous phase is distilled to yield phosphoric 
acid of more than 80 percent by weight H3PO4. 

3. The process of claim 1 wherein a relatively water 
miscible organic solvent having a boiling point below 
125° C. at atmospheric pressure and a solubility in 11,0 
of over 300 grams per liter is added to the spent acid 
with the water. 

4. The process of claim 1 wherein the nitrogenous 
compounds present in the separated organic solvent phase 
are recovered by distilling the solvent. 

5. The process of claim 1 wherein the hydrocarbon 
oil is a mineral lubricating oil. 

6. The process of claim 1 wherein the hydrocarbon 
oil is a gas oil. 

7. The process of claim 1 wherein the phosphoric acid 
used to treat the oil has a concentration of 80-90 percent 
by weight H3PO4. 
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