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11 Claims. 
This invention relates to the purification of 

hydrocarbons containing alkaline materials. 
More particularly the invention relates to the re 
moval of ash-forming materials from hydrocar 
bons such as the so-called “soda-tar” before use 
as fuel oils. - 

It is the usual practice in the distillation of 
crude oils containing appreciable quantities of 
naphthenic acids, e. g., coastal crudes, to carry 
out the distillation in the presence of an alkaline 
material such as sodium hydroxide in order to 
reduce acidity of distillate fractions and mini 
mize corrosion of equipment. The alkaline salts 
resulting from this treatment comprising Sodium 
naphthenates, sodium carbonate and sodium hy 
droxide are concentrated in the residuum from 
the still, which is commonly referred to as 'soda, 
tar.' 
These tars containing ash-forming materials 

are unsatisfactory for uses in general. For ex 
ample Soda, tar is not satisfactory for use as a 
fuel in conventional refractory-lined furnaces 
because the ash-forming materials therein de 
posits an alkaline residue that has a deleterious 
action on furnace refractories. In view of the 
fact that large quantities of soda tar are produced 
throughout the industry, it is of considerable im 
portance to provide a means whereby the soda 
content of the tar may be efficiently reduced in 
Order to make it marketable as fuel oil. More 
over in other uses such as in the manufacture 
of fluxes, binders and asphalts, it is desirable that 
the soda, content be reduced. 

Heretofore processes have been proposed and 
employed for reducing the soda or ash-forming 
material content of soda tars. However, these 
prior processes are subject to certain disadvan 
tages. For example processes now used for thais 
purpose are analogous to those employed for de 
salting crudes and consist in Washing the alkali 
b2aring oils with water at elevated temperatures. 
in this process considerable difficulties are en 
countered in preventing formation of emulsions, 
thus making such processes frequently inopera 
tive. Moreover such prior processes usually fail 
to effect a Substantial reduction in the ash con 
tent of the oil, and this failure should not be tol 
erated in the manufacturing of fuel oils. 

It is an object of this invention to provide a 
process for removing alkaline materials from hy 
drocarbon productS. 
Another object of my invention is to provide 

a process for removing alkaline ash-forming ma 
terials from hydrocarbon residua, containing 

(Cl. 196-39) 
same in order that a satisfactory fuel may be 
produced from the residua. 

Still another object of my invention is to pro 
vide a process for removing ash-forming material 
from fuel oils which removes the ash, forming : 
materials with an agent in such a form that the 
agent may be easily regenerated. 
A more specific object of my invention is to 

provide an efficient process for reducing the Soda. 
content of soda tars. . . " - 
The above objects and other objects will be an 

parent from the following description of my 
invention. 
According to my invention, the ash content of 

by treating with a compound of boron capable of 
reacting with the alkali to form an oil insoluble 
borate. In addition to reducing the ash content, 
Of the oils the present process will reduce the 
B. S. and W. Content (botton Sediment and Wa 
ter) of the oil. - 
Compounds of boron found desirable for use 

in the present invention comprise the oxy-acids 
of boron and their anhydrides (i. e., the oxides of 
boron). 
the alkaline salts - in the oil to form alkaline 
borates which are relatively insoluble in the oil 
and, therefore, may be easily separated as, for 
instance, by settling and leaching with Water. 
Boric acid may be regenerated from the borate in 
any. Suitable manner aS, for example, by treat 
ing With Sulfuric acid or other Suitable acid. 
The reactions for the process may be typified 

by the following specific reactions wherein boric 
acid is used to remove the ash content of Soda, 
tar where Soda is present as sodium naphthenate: 
(1) Boric acid-+Sodium naphthenate=Sodium borate--naphthemic 

. (oilinsolu- (oil soluble). (oil insoluble) acid. 
ble) (oil soluble) 

The oil insoluble sodium borate after separation 
from the oil is then treated with sulfuric acid to 
regenerate the boric acid as follows: 

(2) 2NaBO2-H2SO4--2H2O->2H2BO3--Na2SO4 
It is to be understood if an alkaline naphthenate 

These compounds of boron react with 
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45 or other ash-forming material other than sodium 
naphthenate were present or a suitable boron 
compound other than boric acid was used, cor 
responding reactions would be involved. Like 
wise in the recovery of boric acid corresponding 
reactions would be involved if Suitable acids other 
than Sulfuric acid were used. As can be seen 
from the above reaction (1), naphthenic acid is 
set free in the oil. However, the presence of free 
naphthenic acid is not detrimental for the uses 
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to which the oil is put. Likewise when the soda, 
is present as Sodium carbonate and sodium hy 
droxide the carbonic acid and water set free are 
not detrimental. 
My process may be carried out in batch opera 

tion, if it is so desired, however, I prefer to oper 
ate a continuous process. For example, in a con 
tinuous Operation a bOric acid-slop oil slurry and 
a stream of heated soda tar (or a fuel oil blend 
of Soda tar) may be pumped into a continuous 
mixer from which the resulting mixture is dis 
charged into a temperature controlled high pres 
sure Settling tank. De-ashed oil may be contin 
uously withdrawn from the upper layer in the 
settling tank while a sodium borate sludge is con 
tinuously withdrawn from the bottom layer and 
Sent through a continuous recovery process for 
boric acid. The continuous operation may be 
carried out in such a plant set up as shown by the 
Flow Diagram in the accompanying drawing. 
As shown in the drawing, soda tar is with 

drawn from the bottom of tower through pipe 
line 2 in which is located pump 3. On the inlet 
Side of pump 3 the soda tar in line 2 is blended 
with high ash fuel oil from storage tank 4. This 
blend passes through cooler 5 in order to reduce 
the temperature to around 400 F., or if cooling 
is not necessary, the blend may be by-passed 
through line 6. The blend is led from the cooler 5 
to settling tank 7 by pipe line 8, in which is lo 
cated a continuous mixer such as one or more 
mixing nozzles 9. A boric acid-slop oil slurry is 
introduced from pipe line 9 into the blend in 
line 8 on the inlet side of mixing nozzles 9. In 
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the Settling tank the temperature is usually 
maintained upwards of about 300° F. and prefer 
ably around about 300-400 F. and the pressure 
around 200-250# per sq. in. These conditions 
may be varied, however, as is pointed out here 
inafter. A continuous stream of water, such as 
that Supplied by the Stean condensate introduced 
through pipe line , is passed into the sludge 
layer in the settling tank 7, thereby forming an 
acqueous sludge Which can be continuously with 
draWn for recovery of boric acid. Purified oi 
which has substantially all its ash content re 
moved is drawn off from the top layer in the 
Settling tank and Sent to storage in tank 2, or 
to any other desired place. 
The Sodium borate sludge forming the bottom 

layer in the settling tank is drawn off through 
pipe line 3 leading from the bottom of settling 
tank . This sodium borate sludge in line 3 is 
sent optionally through cooler 4, for regulating 
its temperature to preferably around 200 F., or 
by-pass 5 before mixing with sulfuric acid in 
troduced from storage tank 6 through line f7. 
This salt-acid reaction mixture then passes into 
sludge settlers 8. The solution containing re 
generated boric acid from sludge settlers 8 is 
passed through chiller 9 to precipitate the boric 
acid and then passed to filter 20. The boric acid 
filter cake from filter 20 is taken to storage in 
tank 2. Regenerated boric acid in storage tank 
2 may be withdrawn, as desired, for mixing with 
slop oil in mixers 22 to furnish a boric acid-slop 
oil mixture to be sent back into the reaction 
through pipe line 0, containing the proportion 
ometer 23. Fresh boric acid may be added, as 
desired, to make-up for the small quantity lost 
in Operation. 

In practice, Soda tar leaving a still has a high 
Viscosity, e. g., around 1300 seconds S. F. W. at 
210 F. and is difficult to handle. For this rea 
Son the tar is usually blended at the still with 
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slop oil to reduce the viscosity, e. g., to around 
600-700 Seconds S. E. W. at 22 F. Oils of Wis 
cosities around 1400 seconds S. F. W. at 210 F. 
may be treated practically in batch operation. 
However, in continuous Operation it is desirable 
to treat oils having Viscosities not Over about 600 
Seconds S. F. W. at 122 F. in order to facilitate 
pumping thereof. In addition to being more dif 
ficult to handle, the high viscosity stocks require 
more settling time at the same temperatures or 
higher temperatures for equal settling time in 
order to separate the borate sludge from the oil. 
However, if Settling is adequate, the degree of 
de-ashing depends upon the quantity of boric 
acid used. Accordingly it is to be understood the 
boric acid or other boron compound may be ap 
plied to the Soda, tar either before or after blend 
ing it with the slop oil to viscosity Specifications. 
The alkalinity of the soda, tar being processed 

determines the quantity of the boric acid theo 
retically required. However, as it would be diffi 
cult to obtain thorough agitation or mixing, it is 
usually essential that an excess of boric acid be 
added, for instance, it usually has been found de 
sirable to use approximately a 50% excess of boric 
acid over the theoretical requirement. Substan 
tially all of the boric acid may be recovered. Re 
covery of boric acid may be conveniently accom 
plished by acidifying the Sodium borate with a 
suitable acid, such as sulfuric acid or sulfuric acid 
sludge. In this event the aqueous solution is pref 
erably kept at about 200 F. for about an hour 
in Order to effect separation of oily matter which 
is skinned off. The Solution is then cooled to 
a temperature at which most of the boric acid 
is precipitated, e. g., about 90° F. The precipi 
tate of boric acid is separated from the solution 
by filtration. It is to be understood any other 
suitable means of recovering the boric acid may 
be used. 
The completeness of recovery of the boric acid 

depends to a great extent upon the quantity of 
water employed for leaching the Sodium borate 
from the oil as the loss is directly proportional 
to the amount of Water used. Hence the quan 
tity of Water should be kept at a minimum in 
order to facilitate Subsequent recovery of boric 
acid. In the event that an appreciable excess of 
boric acid is employed, it could be recycled or 
used to treat another portion of fresh fuel until 
the reagent is more or less completely exhaust 
ed. (Therefore, a satisfactory continuous proc 
ess could comprise a two stage treat, employing 
used boric acid in the first treating stage and 
fresh or regenerated boric acid in the Second 
Stage.) 
The temperature employed in the process 

should be sufficiently high to reduce the Viscosity 
of the fuel oil or other oil treated so as to per 
nit Sufficient settling of molten or Solid reaction 
products and the excess of boric acid. A treat 
ing and settling temperature of approximately 
400 F. is quite satisfactory. While higher tem 
peratures may be used, they offer no treating ad 
wantages and necessitate the use of higher oper 
ating pressures in order to maintain an aqueous 
borate sludge in the settler. Lower temperatures 
may also be used, but appear to result in less ef 
fective utilization of the boric acid. 

In continuous operations the pressure em 
ployed should be sufficient to prevent boiling of 
the aqueous sludge at the temperature employed. 
Higher pressures could be used, if desired, but 
Would serve no useful purpose. In batch opera 
tion, lower pressures may be used, if desired, and 
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4. 
sodium borate from the treated oil, treating Said 
sodium borate to recover a boron compound of 
said class of boron compounds, and using said re 
covered boron compound to treat further quan 
tities of oil to reduce the Sodium content thereof. 

4. The process of reducing the ash content of 
fuel oils comprising Soda tar which comprises re 
acting sodium compounds in Said fuel oils with a 
compound of boron from the class consisting of 
oxy-acids of boron and the anhydrides of said 
acids to form Sodium borate, Separating Sodium 
borate from the reaction mixture, treating Said 
Sodium borate to recover a boron compound of 
Said class of boron Compounds, and using said 
recovered boron compound to treat further quan 
tities of fuel oils to be deashed. 

5. The process of reducing the ash content of 
fuel oils containing an appreciable amount of al 
kali and salt compounds of metals which com 
prises reacting such compounds in said oils with 
boric acid at a temperature upwards of about 
300 F. to form an oil-insoluble metal borate, 
Separating metal borate from the oil, treating the 
separated metal borate with a suitable acid to 
regenerate boric acid therefrom and using the 
regenerated boric acid to treat further quantities 
of fuel oils to be deashed. 

6. The process of reducing the ash content of 
fuel oils comprising Soda tar which comprises 
reacting sodium compounds in Said fuel oils With 
a compound of boron from the class consisting 
of oxy-acids of boron and the anhydrides of Said 
acids to form sodium borate, adding water to the 
reaction mixture and settling to form two layers 
comprising an upper layer of fuel oil of reduced 
ash content and a lower aqueous sludge layer 
containing sodium borate, separating fuel oil 
of reduced ash content in said upper layer from 
sludge in said lower layer, treating sludge from 
Said lower layer with a suitable acid to regenerate 
boric acid from the Sodium borate therein, and 
using said regenerated boric acid to treat further 
quantities of fuel oil to be deashed. 

7. The process of reducing the alkali content 
of a heavy petroleum oil containing an appreci 
able amount of alkali and Salt compounds of 
metals which comprises treating said oil with a 
compound of boron from the class consisting of 
Oxy-acids of boron and the anhydrides of Said 
acids at a temperature upwards of about 300° F. 
whereby an oil-insoluble metal borate is formed, 
adding water to Said treated mixture and settling 
to form an aqueous metal borate sludge lower 
layer and an oil upper layer. While maintaining 
the temperature upwards of about 300° F. and 
the pressure sufficient to prevent boiling of the 
aqueous sludge at the temperature employed, and 
Separating oil of reduced alkali content in said 
upper layer from aqueous metal borate sludge 
in said lower layer. 

8. The process of reducing the sodium content 
of a petroleum oil comprising soda tar which 
comprises treating said oil with a compound of 
boron from the class consisting of oxy-acids of 
boron and the anhydrides of said acids at a tem 
perature upwards of about 300 F. whereby oil 
inSoluble Sodium borate is formed, adding Wa 
ter to said treated mixture and settling to form 
an aqueous borate sludge lower layer and an oil 
upper layer while maintaining the temperature 
upwards of about 300' F. and the pressure Sufi 
cient to prevent boiling of the aqueous sludge at 
the temperature employed, separating oil of re 
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duced sodium content in said upper layer from 
aqueous Sodium borate sludge in said lower layer, 
regenerating a boron compound of said class of 
boron compounds from the aqueous sodium bo 
rate sludge, and using said regenerated boron 
compound to treat further quantities of a petro 
leum oil for reducing the sodium content thereof. 

9. The process of reducing the ash content of 
a fuel oil comprising soda, tar which comprises 
treating Said fuel oil With a compound of boron 
from the class consisting of oxy-acids of boron 
and the anhydrides of said acids at a temper 
ature upwards of about 300 F. whereby oil-in 
Soluble Sodium borate is formed, adding water to 
said treated mixture and settling to form an 
aqueous sludge lower layer comprising Sodium 
borate and an upper layer comprising fuel oil of 
reduced ash content while maintaining the tem 
perature upwards of about 300 F. and the pres 
Sure Sufficient to prevent boiling of the aqueous 
Sludge at the temperature employed, separating 
fuel oil of reduced ash content in said upper layer 
from aqueous sludge in said lower layer, treat 
ing aqueous sludge from Said lower layer with a 
suitable acid to regenerate boric acid from the 
Sodium borate therein, recovering regenerated 
boric acid and using said regenerated boric acid 
to treat further quantities of fuel oil to be de 
ashed. 

10. The process of reducing the ash content 
of fuel oils comprising Soda tar which comprises 
treating said fuel oil with boric acid at a temper 
ature of about 400°F. whereby oil-insoluble sodi 
um borate is formed, adding water to said treated 
mixture and Settling to form an aqueous sludge 
lower layer comprising sodium borate and an 
upper layer comprising fuel oil of reduced ash 
content while maintaining the temperature at 
about 400 F. and the pressure sufficient to pre 
vent boiling of the sludge at said temperature, 
Separating fuel oil of reduced ash content in said 
upper layer from said aqueous sludge in said low 
er layer, treating aqueous sludge from said lower 
layer with a Suitable acid to regenerate boric 
acid from the sodium borate therein, recovering 
regenerated boric acid and using said regener 
ated boric acid to treat further quantities of fuel 
oil to be deashed. 

11. The process of reducing the sodium content 
of a petroleum oil comprising soda tar which 
Comprises treating said oil with a compound of 
boron from the class consisting of oxy-acids of 
boron and the anhydrides of said acids at a tem 
perature upwards of about 300° F. whereby oil 
insoluble Sodium borate is formed, adding water 
to said treated mixture and settling to form an 
aqueous sludge lower layer comprising sodium 
borate and an upper layer comprising oil of re 
duced Sodium content while maintaining the 
temperature upwards of about 300° F. and the 
pressure sufficient to prevent boiling of the sludge 
at the temperature employed, separating oil of 
reduced Sodium content in said upper layer from 
aqueous sludge in Said lower layer, treating sludge 
from Said lower layer with a suitable acid to re 
generate boric acid from the sodium borate 
therein, Separating a solution containing regen 
erated boric acid from Said acid-treated sludge, 
chilling said solution to precipitate boric acid, re 
covering the precipitated boric acid by filtration 
and using said recovered boric acid to treat fur 
ther quantities of oils. 
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CERTIFICATE OF CORRECTION. 
-Patent No. 2,222,596. November 26, 1940. 

EUGENET. SCAFE. 
It is hereby certified that error appears in the printed Specification 

of the above numbered patent requiring correction as follows: Page 3, sec 
ond column, line 3, in the heading to Table II, for "2??° ?." read 
--122° F.--; and that the said Letters Patent should be read with this s 

correction therein that the same may conform to the record of the case 
in the Patent Office. 

Signed and sealed this 25th day of March, A. D. 19ll. 

- Henry Wan Arsdale, 

(Seal) Acting Commissioner of Patents. 


