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UNITED STATES 

2,055,2i. 

PATENT of FICE 
PROCESS OF PRo???NG LUBRICATING 

Richard S. Wose, Ridley Park, Pa., assignor to 
Sun Oil Company, Philadelphia, Pa., a corpo 
ration of New Jersey 

Application August 21, 1933, Serial No. 685,994 
11 Claims. , (Cl. 196-78) 

ity invention relates to the treatment of lubri 
cating oils with metallic sodium with the object 
in mind of improving the qualities of the oil. 
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While the process is applicable to the treatment 
of any lubricating oils, it is particularly appli 
cable to the treatment of naphthenic base lubri 
cating oil distillates for the purpose of effecting 
a Substantial degree of dehydrogenation of the 

Saturates, changing their temperature-viscos 
ity characteristics to approximate those of a paraf 
fine base distillate, and Substantially improving 
their qualities in other respects. The process is 
also applicable to the treatment of petroleum, or 
petroleum residues, such as mazoot, containing 
lubricating oil fractions in order to Secure, as a 
product of a subsequent known lubricating oil dis 
tillation process, finished lubricating oil distillates 
having the Superior qualities and-changed char 
acteristics above briefly mentioned. 
The use of metallic sodium for the purpose of 

improving the qualities of, and particularly for 
deSulphurizing, gasoline is old and well known. 
The amount of sodium required for such purpose 
is so small as not to involve a prohibitive expense. 
But it is impossible to treat lubricating oil with 
metallic SOdium in an amount at all comparable 
with that required for the treatment of gasoline 
and Secure any substantial improvement in the 
quality of the oil. It is known, however, to treat 
naphthenic base lubricating oil with metallic 
Sodium in much greater amounts and substan 
tially improve Some of its qualities, but the main 
objects of my invention, particularly dehydrogen 
ation of unsaturates and change of temperature 
viscosity relationship to approximate that char 
acteristic of paraffine base lubricating oils, have 
not been achieved. 
My process for treating lubricating oil distill 

lates, or oil containing lubricating oil fractions 
before distillation of the lubricating oils, involves 
the use of a comparatively large amount of me 
tallic Sodium at a temperature above its melting 
point. It requires, also, that the sodium shall 
form a colloidal or quasi-colloidal suspension in 
the oil to give a maximum ratio of contact surface 
to weights of sodium. My invention also involves 
a process for Securing a nearly quantitative re 
covery of the sodium, without which the process 
is uneconomical. 

Briefly, the present process consists in mixing 
oil with the proper amount of sodium, at a tem 
perature above the melting point of a sodium, and 
then passing the oil-sodium mixture through a 
colloid mill. After passing through the colloid 
mill, the oil which now contains the sodium in 

colloidal or quasi-colloidal form is passed through 
a heater wherein it is heated to the temperature 
at which it is desired to have the reaction take 
place. This temperature is usually in the neigh 
borhood of 450° F. Within the reaction chamber 
the oil-sodium mixture is maintained in a con 
stant state of agitation, the length of time for 
treatment being varied according to the type of 
oil being treated, and also according to the purity 
of the oil being treated. After the oil-Sodium 
mixture has remained in the reaction chamber for 
a sufficient length of time to insure completion 
of the reaction, the mixture is drained from the 
chamber and passed either to a device for coag 
ulating the unreacted Sodium which is in colloidal 
form or through a cooler and then to a filter press 
for separation of unreacted SOdium and sludge 
produced from the oil. The sludge is then passed 
to a further stage in the process wherein the un 
reacted sodium may be removed therefrom, as 
will hereinafter be more completely described. 
The sodium apparently acts as an inductor or 

promoter for the reaction rather than a catalyst. 
The reaction is in the nature of a polymerization 
and/or dehydrogenation of the unsaturated por 
tions of the oil, reducing them to a form in which 
they may be removed from the oil by filtration or 
other means. Certain sulphur compounds in the 
oil, and of course any water present, will react 
with a very small proportion of the Sodium before 
the sodium begins its role as inductor or pro 
moter. However, this phase of the treatment 
forms no part of the present invention, as the 
desulphurization and dehydration of oils by the 
use of very small amounts of sodium is old, as 
heretofore set forth. It is generally recognized 
that the degree of concentration of a catalyst in 
a reaction mixture does not affect the reaction 
and that inductors or promoters do affect a re 
action mixture by their degree of concentration. 
Since, therefore, it has been observed that small 
amounts of sodium do not promote the desired 
reaction in the oil, it is believed that the conclu 
sion above referred to is correct, namely, that 
the sodium, after it acts as a direct desulphuriza 
tion or dehydration reagent, becomes a promoter 
or inductor for the dehydrogenation reaction. 

It is necessary, in order to Secure Substantial 
dehydrogenation, that the sodium shall be in 
colloidal or quasi-colloidal suspension in the oil. 
It is also admissible, if not necessary, in order 
to secure the maximum desired dehydrogenation, 
to use not less than from 170 to 220 grams of 
sodium per liter of oil, dependent on the oil being 
treated. It is also necessary to use this mini 
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nun proportion of sodium if it be desired to re 
cover anything approaching a quantitative re- . 
covery of sodium. As the quantity of sodium is 
reduced, the proportion possible to recover is re 
duced. Metallic sodium being comparatively ex 
pensive, as compared, for example, with reagents 
such as sodium hydroxide, its recovery is essential 

For to an economical practice of the process. 
the reasons stated, it is desirable, if not necessary, 
to use a larger proportion of sodium than has 
heretofore been utilized, as well as to use it in 
colloidal form. 

Alloys such as sodium-potassium, Sodium-cal 
cium, sodium-barium, sodium-tin, sodium-lead, 
and sodium-ammonium may be used in the pres 
ent process instead of pure sodium. Sodium 
amalgam may also be used. It is Only necessary 
to carry out the reaction at temperatures above 
the melting point of the alloy. Or amalgam, and 
to reduce the alloy or amalgam to colloidal or 
quasi-colloidal form. It is of course known that 
ammonia, when in combination with sodium acts 
as a metal, the combination being, to all intents 
and purposes, an alloy. Where, in the claims, 
metallic sodium is specified as the promoting 
agent, I mean to include, as equivalents, sub 
stances such as those above specified, which, 
when admixed in colloidal condition with oil, act 
in Substantially the same Way to effect the same 
results. 
A better understanding of the invention may 

be had by reference to the accompanying draw 
ings illustrative of different apparatuses for car 
rying Out my process. 

Fig. 1 is a diagrammatic flow sheet of appa 
ratus for treating oil with an excess of molten 
metallic Sodium and recovering unused sodium. 

Fig. 2 is a diagrammatic flow sheet of an ap 
paratus for treating oil with an excess of molten 
sodium, and recovering the excess sodium by 
means of liquid ammonia; and 

Fig. 3 is a diagrammatic flow sheet of an ap 
paratus for treating, oil with sodium ammonium 
and recovering the unreacted sodium by means of 
liquid ammonia. 

Referring now to Fig. 1: The numeral Odes 
ignates a storage vessel or tank for the oil to 
be treated. The oil is removed through line. , 
and forced by means of pump 2 through heater 
3 to colloid mill 4. Before entering the colloid 
mill, there is added, to the oil stream in pipe 

l, a predetermined amount of molten sodium 
from line 5, which is in communication with a 
molten sodium storage vessel 6. On passing 
through the colloid mill, the sodium and oil are 
thoroughly mixed, and the molten sodium is re 
duced to an extremely finely divided condition. 
Leading from the colloid mill 4 is line f, in 

which is placed heater 8 for heating the oil 
sodium mixture. This line T leads to an agita 
tor 9 having therein a motor driven centrifugal 
agitating member 20. There may be provided 
three or more agitators such as 9 in order, if 
desired, to make the process a continuous one. 
The centrifugal agitating member 20 is rotated 
at an extremely high speed of the order of 9,000 
R.P. M. The agitating member itself consists 
of a disc having a number of radial passages 
therethrough, and a downwardly extending por 
tion having a passage therethrough which com 
municates with the radial passages in the disc. 
By rotating the agitating member at high speeds, 
the oil-sodium mixture is drawn in through the 
downwardly extending portion and is expelled 
through the radial passages by the centrifugal 

2,055,210 
force created by the high rotative speed. The 
agitator 9 is provided with suitable heating 
means not shown, to maintain the oil-sodium 
mixture at reaction temperature during its en 
tire time of treatment. Any suitable heating 
means may be used, such as electrical resistance 
heaters or heating coils employing steam or hot 
oil. 

It is practicable, in place of the specific agita 
tor described, to employ agitators of other types 
commonly used in the treatment of oils. Indeed 
it may be possible, after the passage through the 
colloid mill, to dispense with agitation, since agi 
tation is not required to maintain the sodium in 
suspension in the oil. Agitation, however, is de 
sirable, if not required, to maintain the entire 
body of oil at a sibstantially uniform tempera 
ture. 
From the bottom of the agitator 9 a valved 

line 2 leads to a tower, 22. The treated mix 
ture of oil, sludge and unreacted sodium is forced 
by means of pump 23 in line2f into the tower 22. 
This tower, 22 contains packing material 23, 
which may be iron Rashig or Lessing rings, filling 
the tower to approximately two-thirds of its ca 
pacity. . . . . . 
The oil, containing sludge and SOme sodium, 
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drains from the bottom of the tower 22, through 
line 24, containing pump 25, and cooling coils 
26, to a filter press 27. There may be provided 
a number of presses in Order that the process 
may be carried on continuously. Line 28 con 
taining pump 29 leads from a filter press 27 to 
storage tank 30 for finished oil. The sludge, to 
gether with the finely divided sodium, forms filter 
cakes on the filtering media within the press 27. 

Leading from the top of tower 22 is a line 3 
for the removal of hydrogen which is formed 
during the treating step and is adsorbed by the 
Sodium. 
From a point below the top of tower 22 there 

extends a line 33 containing pump 34 for draw 
ing off metallic sodium which is separated in 
the tower and accumulates to the level of line 
33. This metallic sodium is passed to a washing 
tank 35, wherein it is mixed with naphtha enter 
ing through line 36. The mixture of naphtha 
and SOdium is withdrawn from the top of the 
Washing apparatus through line 3 containing 
pump 38. The naphtha-sodium mixture is thus 
pumped to a settling chamber 39, wherein the 
sodium is settled from the naphtha and is 
pumped out through line 40 by means of pump 
4 and returned to sodium storage receptacle 6. 
The naphtha is removed from near the top of 
Settling tank 39 through line 36 and is returned 
by means of pump 42 through line 36 to washing 
apparatus 35. - 

Lines 50 and 43 lead from the tops of tanks 
35 and 39 respectively, to line 3i for the removal 
of hydrogen which is separated in washing tank 
50 and settling tank 39. 
The sludge and Sodium which accumulate as 

filter cakes in press 27 are placed in ball mill 
44, or in some other suitable grinding apparatus, 
and therein admixed with molten sodium ad 
mitted through line 53. After being thoroughly 
ground with molten sodium, the mixture is passed 
through line 45 by means of pump 46, and is 
forced through filter press 47. The filtering media 
in press 47 is of a type which will be wetted 
by metallic sodium and will therefore permit the 
free coalesced metallic sodium to pass through, 
but will hold back the sludge, which collects on 
such filtering medium as a filter cake. The so 
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2,055,210 
dium which has passed through the press 47 is 
removed through line 48 and part of it is forced, 
by means of pump 49, to the sodium washing 
chamber 35, and the remaining portion is re 
cycled through line 53 to the ball mill 44 for 
admixture with sodium-containing sludge re 
moved from press 27. When a filter cake of 
the desired depth has been formed on the media 
in press 47, it is removed therefrom. 

In operation, the oil removed from tank fo, 
containing the charging stock, is heated in heater 
3 to a temperature somewhat above the melting 
point of metallic sodium (207 F.), and is then 
passed through line 5 leading to the colloid mill. 
Line 5, as heretofore explained, conveys molten 
metallic sodium from the storage receptacle 6. 
to the colloid mill. The sodium and oil are so 
proportioned that the charge entering colloid mill 
4 is 70 pounds of sodium to 1 barrel of oil 
(equivalent to approximately 200 grams of so 
dium to 1 liter of oil). In passing through the 
colloid mill the sodium is reduced to an extremely 
finely divided state and thoroughly admixed with 
the oil. The oil-sodium mixture leaving the col 
loid mill is then passed through heater 8 wherein 
it is heated to a temperature within the range 
of 400-450 F. Enough oil-sodium mixture is 
fed to the agitator 9 to fill it to approximately 
two-thirds of its total capacity. Due to the high 
rotative speed of the agitating member 20, the 
oil-sodium mixture is maintained in a state of 
agitation insuring equal temperature conditions 
throughout the whole mixture. The oil-sodium 
mixture is maintained in the highly agitated con 
dition for a period of time ranging from half 
an hour to thirty-six hours, depending upon the 
type of oil being treated and the resistance to 
oxidation or change in temperature-viscosity 
relationship desired. 

Exactly what chemical change takes place in 
the oil is not known, as the sludge which is re 
covered has so far resisted all attempts at analysis. 
However, it has been determined that both dehy 
drogenation and probably hydrogenation are ef 
fected by the sodium treatment. That dehy 
drogenation is effected is shown by the presence 
of adsorbed hydrogen in the unreacted sodium. 
That hydrogenation is effected may be inferred 
by the change in temperature-viscosity charac 
teristics and the change in specific gravity.... The 
presence of free hydrogen in an adsorbed condi 
tion in the unreacted sodium present in the sludge 
was first detected when analyzing the sludge to de 
termine the amount of sodium which had been 
reacted. This analysis was carried out by adding 
alcohol to a weighed sample and determining the 
amount of hydrogen evolved. Since the amounts 
of hydrogen evolved were greater than the equiva 
lent of the amount of sodium which was known to 
be present, it was apparent that free hydrogen 
must be present. This was also conclusively dem 
onstrated when the sludge was later treated with 
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a further excess of molten Sodium, and then 
washed with naphtha. Since no chemical change 
was apparent in the naphtha or in the sodium, 
and since free hydrogen was evolved, there can 
be no doubt that a dehydrogenation of the orig 
inal oil took place in the agitator. Since the tem 
perature-viscosity characteristics and the gravity 
of the oil were also changed, it was evident that 
dehydrogenation and possibly hydrogenation of 
the original oil had been effected. It is well known 

75 

- that naphthenic base oils have a temperature 
viscosity slope differing from the temperature 

3 
viscosity slope of parafin base oils, and when 
the temperature-viscosity slopes of the untreated 
and the treated oils were compared, it was found 
that the treated oil more nearly approximated 
the temperature-viscosity slope of a paraffin base 
oil. This fact, coupled with the change in spe 
cific gravity, corresponding to increase in the 
percentage of hydrogen in the oil, leaves no doubt 
as to the occurrence of dehydrogenation and poss 
sibly hydrogenation. It is, of course, evident that 
if unsaturated components of the original oil are 
dehydrogenated by the action of the sodium and 
the dehydrogenated components are removed as 
sludge, the remaining components of the oil will 
be substantially saturated. It is also evident that 
the sodium treatment may dehydrogenate a por 
tion of the unsaturates and hydrogenate the re 
maining unsaturates. There is concrete evidence 
of the dehydrogenation and removal of unsat 
urates but no irrefutable evidence of hydrogena 
tion of a portion of the unsaturates. 
The treated oil, containing unreacted sodium 

and sludge, is drained from the agitator 9 and 
pumped into the top of packed tower 23, which 
contains, in addition to the packing, fresh molten 
sodium. The entering mixture may be consid 
ered as an oil-sodium emulsion with the oil in 
the external continuous phase. Obviously, with 
such an emulsion, the coalescence of the sodium 
particles is impossible until the phase is changed 
and the sodium becomes the external Continuous 
phase, or interlacing phase. This change is ac 
complished by flowing the oil, sludge and Sodium 
mixture downwardly through the tower 22 which 
contains Raschig or Lessing ring packing and 
metallic sodium. In flowing down through the 
tower, the oil sodium emulsion changes phase and 
the sodium in the emulsion becomes the external 
phase, due to the action of the large bath of 
sodium in the tower, which coalesces the finely di 
vided sodium that mixes with the sodium con 
stituting the bath. In practice, all but about 17 
or 18 per cent of the unreacted sodium will be 
recovered in the tower 22. When refining some 
light oils, the oil-sodium mixture may have a 
specific gravity less than that of the molten 
sodium at the temperature existant in tower 22. 
In such case the oil-sludge mixture would be ad 
mitted to the bottom of tower 22 and flowed up 
wardly through the sodium. The sodium free oil 
sludge mixture would then be withdrawn from 
tower 22 near the top thereof and the excess 
sodium at a point below that at which the oil 
sludge mixture is withdrawn. 
The oil-sludge mixture, still containing a small 

proportion of unreacted sodium, is passed from 
the bottom of the tower through cooling coils 26 
to the filter press 27. Due to the coalescence in 
the tower of the finely divided sodium present 
in the oil-sludge mixture, the amount of free 
sodium in the tower is increased, the excess be 
ing drawn of through line 33 and passed to the 
washing chamber 35. 

In some cases it may be desired to eliminate 
the sodium recovery step in tower 22, in which 
case the oil-sodium mixture from agitator 9 
will be passed directly to pump 25, cooler 26, and 
press 27 by by-pass 56 shown in dotted lines. 
As hereinbefore explained, the oil sludge mix 

ture after being cooled in coils 26 to a tempera 
ture approximating 70 F., is passed through the 
filter press 27, wherein the oil is separated en 
tirely from sludge and unreacted sodium and is 
passed out through line 28 to storage tank 30. 
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44 
From time to time the filtering media in press 2 
are removed and the sludge cakes accumulated 
thereon are placed in ball mill 44, and ground 

O 

5. 

with molten metallic sodium. When this grind 
ing is complete, the sludge-sodium mixture is sub-. . 
jected to further pressing in filter press 4. This 
operation results in the removal of all unreacted 
sodium from the sludge. The free sodium is then 
partly recycled to the grinding operation in mill 
44, and partly pumped to washing tank 35. 
The washing and settling Operations remove 

from the sodium the hydrogen which has been 
adsorbed therein. In the washing step, carried 
out in tank 35, a small amount of hydrogen may 
be released, which is from time to time vented 
through line 56 to line 3f. The naphtha used 
for washing the sodium to remove adsorbed 
hydrogen is circulated continuously through the 
tanks 35 to 39, and is unchanged by the operations 
performed therein. The sodium is removed from 
settling tank 39 and is pumped to sodium storage 
tank 6. Sodium, to make up for that lost in the 
reaction, is added to storage tank 6 and may be 
added in the molten state through line 5. 

It is to be understood that any low boiling metal 
may be used to dissolve the unreacted colloidal 
sodium, or mercury may be used to form a sodium 
amalgam which can be readily removed from the 
treated oil or sludge. Such metals as potassium, 
calcium, barium, tin and lead may be used to 
coalesce the colloidal sodium and would be 

... equivalent to sodium used for the same purpose. 
In all steps from its admission with the oil to 

the colloid mill to the final removal of all un 
reacted sodium, except in the step of separating 
the oil, the sodium is maintained in a molten 
condition. 
stantially 450°F. A like temperature prevails 
in tower 22. Washing apparatus 35 and settling 
apparatus 39 are also maintained at temperatures 
above the melting point of sodium. The sodium 
which is separated with the sludge in filter press 
27 has been cooled to a point below its melting 
point, but is subsequently heated by the addition 
of molten sodium to ball mill 44. Since the only 
sodium which circulates through ball mill 44 is 
that which is recovered, there is provided, prefer 
ably in line 48, a heating apparatus 52, to which 

50 
heat may be supplied, preferably by means of 
superheated steam circulated through the coil 
therein, although mineral oil may be used as the 
heat transmitting medium. Since the melting 
point of sodium is below the boiling point of water, 

55 

that shown in Fig. 1. 
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the handling of molten metallic sodium presents 
no difficulties whatever. It is, of course, under 
stood that all sodium-carrying lines should be in 
Sulated. - 

The apparatus diagrammatically illustrated in 
Fig. 2 for the treatment and primary separation 
of unreacted sodium is substantially the same as 

The method for effecting 
Sodium recovery from the sludge, however, is 
different in that liquid ammonia is used, necessi 
tating differen apparatus. In Fig. 2 the oil to 
be treated is contained in tank O and is re 
moved through line if f and pumped by means of 
pump 2 through heater f3 wherein it is heated 
to a temperature somewhat above the melting 
point of sodium. The sodium is stored in a 
molten condition in tank 6, and is fed by means 
of pump T in line 15 to colloid mill 14, to 
gether with the heated oil. The oil-sodium mix 
ture then passes through line 8 containing 
heater 9. in which the mixture is heated to sub 

The temperature in agitator 9 is sub- . 

9,055,310 
stantially 450 F. The heated mixture is then 
passed to the agitator 20, which is similar to 
agitator 9 of Fig. 1. From the agitator 120 the 
oil and sludge is passed through cooler 2 and 
therein cooled to approximately 70°F. This mix 
ture is then forced by means of pump 22 through 
filter press 23. The treated oil emerging from 
this filter press is passed through line f24 by 
means of pump 25 to treated oil storage tank 
26. The filter cake removed from press 23 is 
placed in ball mill 27 and is therein agitated 
with anhydrous liquid ammonia. This mixture is 
then pumped through line 27 by means of pump 
29 to filter press. 30. From the filter press 30 

is removed what may be said to be a Solution of 
Sodium ammonium in liquid ammonia. After 
filter cakes have been built up in press 30, the 
filtering media, together with such cakes, which 
are sodium free, are removed. The sodium am 
monium solution removed from the filter press 
30 is passed through line 3 f to evaporator 32. 

Placed in line 3 is an expansion valve 33. This 
permits the expansion and evaporation of the 
ammonia, and causes the Sodium ammonium to 
be deposited in the bottom of the evaporator in a 
solid, but more or less finely divided state, the 
evaporator being maintained at a temperature 
approximating -27- F. The ammonia in gas 
form is removed from the top of evaporator 32 
by line 34 and is compressed by compressor 35 
and passed to condenser 36. This condenser, by 
renoving the heat of compression, restores the 
ammonia to its liquid form. The liquid ammonia, 
passes from the condenser to an ammonia storage 
receptacle 37, from which it is drawn for feeding 
to ball mill 27. It is, of course, understood that 
ball mill 27 and press 30 must be maintained 
under sufficient pressure to keep the ammonia in 
a liquid state. 
. The Sodium ammonium collecting in the bottom 
of evaporator 32 is removed from time to time to 
a heater 38, to which heat may be supplied by 
superheated steam coils. Within the heater 38 
the remaining ammonia is driven of and the 
sodium is restored to its elemental state. The 
sodium is melted and flows out through line 39 
and is passed by pump 40 to sodium storage re 
ceptacle 6. The ammonia liberated in heater 
38 is passed, by lines 42 and 34 to the com 

pressor and condenser 35 and 36. 
Sodium storage receptacle 6 may also be 

provided with steam coils f4 or other heating 
means for maintaining the Sodium in a molten 
condition. 

Evaporator 32 is shown combined with heater 
38, the evaporator having a funnel shaped bottom 
portion, having a valve or valves therein for per 
mitting the collected sodium to pass from time to 
time into heater 38. This, however, is not neces 
sary, as the sodium ammonium may be removed 
and transported to a heater separate from the 
evaporator. 
The apparatus diagrammatically illustrated in 

Fig. 3 is for the treatment of oil with sodium am 
monium instead of with metallic sodium alone, 
and for the subsequent recovery of unreacted so 
dium from the sludge. 20 designates an oil sup 
ply tank from which oil is drawn for processing. 
The oil is withdrawn from the tank through line 
2 by means of pump 22 and is passed through 
heater 23 wherein it is heated to a temperature 
approximating 450 F. From the heater 23 the 
oil is passed to a mixing chamber 24 having 
therein a motor driven stirring device 25. As 
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the of is admitted to mixer 24, sodium ammo 
nium in granular form is also admitted from a 
storage receptacle for sodium annonium, desig 
nated in the drawings as 28. Due to the granul 
lar state of the sodium ammonium, it cannot be 
pumped through a pipe line, but must be trans 
ferred to the mixing chamber by mechanical 
means, such as a screw conveyer. This is dia 
grammatically illustrated in the drawings by 
dotted line 27. When the sodium ammonium 
and oil are thoroughly mixed, they are passed to 
a colloid mill 28, wherein the sodium ammonium 
is reduced to particles of colloidal size in intimate 
admixture with the oil. The mixture thus pro 
duced is passed through line 29 by means of 
pump 220 to a reaction chamber 22. This agita 

30 

35 

A.0 

50 

55 

60 

tor or reaction chamber contains a centrifugal 
stirring device 222 for maintaining the oil-sodium 
sammonium mixture in constant agitation and 
cornplete admixture. 
Due to the effect of heat, a vapor pressure of 

ammonia will be generated . in the agitating 
chamber 22, and the ammonia released from the 
mixture as gas will be drawn off through line 223 
to compressing and condensing means, to be de 
scribed hereinafter. The vapor pressure gener 
ated within the agitating chamber will by no 
means approach the vapor pressure of ammonda 
at treating temperature (450 F.), as the alloying 
of sodium with ammonia greatly changes the 
properties of the two components, lowering the 
tendency to generate high vapor pressures by the 
application of heat. 

After the reaction is completed between the oil 
and sodium, the mixture is passed by means of 
line 224 and pump 225 through a cooling coil 226, 
to a filter press 227 of any desired type. From 
the filter press the purified and filtered oil is 
passed to the storage receptacle 229 through line 
228, by means of pump 230. From time to time the sludge containing un 
reacted sodium and some sodium ammonium is 
removed in filter cakes from the filter media in 
press 227 and is transported to a grinding device, 
which may be a ball mill, designated in the draw 
ings by numeral 23f. Since the sludge is not in 
liquid form, it must be mechanically transported, 
such as by a screw conveyor, which is illustrated 
diagrammatically by dotted line 232. 

In the grinding device 23 the sludge is thor 
oughly admixed with liquid ammonia fed through 
line 234 from a liquid ammonia storage vessel 233. 
When the admixture of sludge and liquid ammo 
nia is complete and the sodium and sodium an 
monium contained in the sludge are thoroughly 
dissolved in the ammonia, which is added in ex 
cess, the solution is forced through line 235 by 
means of pump 236 into a filter press 23. This 
filter press serves to hold back the sludge alone, 
and to permit the solution of sodium ammonium 
to pass out in a pure state to line 238. The sludge 
is removed from time to time from the filtering 
media in the filter press and is transported by 
mechanical means diagrammatically illustrated 

65 

70 

5 

by dotted line 239 to a place of disposal. 
The sodium ammonium solution leaving press 

2.3T is conveyed by line 238 to an evaporator 240 
wherein the excess liquid ammonia is evapo 
rated and passed of through line 24. This evap 
orating operation leaves the sodium ammonium 
in a granular state within the bottom of the evap 
orator. From time to time this granular Sodium 
ammonium is withdrawn and mechanically trans 
ported to the storage receptacle 2 fs by a screw 

S 
conveyor or other meanis, which is diagrammat 
cally illustrated by dotted line 242. 
The gaseous ammonia withdrawn from agitat 

ing vessel 22 and from evaporator 240 iš com 
pressed by means of compressor 243 and is cooled 
in condenser 244 to a temperature sufficiently low 
to liquify it. The liquid ammonia then passes 
through line 25 to storage receptacle 233. 

It is apparent that the small proportion of so 
dium which is consumed by the reaction with 
various products in the oil must be replaced by 
fresh sodium. This is accomplished by passing 
sodium to a mixing device 246 through line 247, 
or merely by dumping lump sodium into the mix 
ing device 246. At the same time, liquid ammonia 
is withdrawn from storage tank 233 and admitted 

O 
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by line 28 to mixing device 247. When the sodi 
um is completely dissolved in the liquid ammonia, 
the solution is drawn of through line 249 and 
pumped by means of pump 250 through line 238 
to evaporator 240. In the evaporator the excess 
liquid ammonia, is evaporated in the same man 
ner that the excess liquid ammonia is evaporated 
from the solution leaving filter press 237. The 
granular sodium ammonium is then transported 
to storage receptacle 26. 
In carrying out the treatment of oil with sodium 

25 

ammonium, a certain proportion of sodamide will 
be formed. This, however, does not disrupt the 
process, as the action of sodamide on oil is Sub 
stantially the Same as that of Sodium ammonium, 
or metallic sodium itself. It is, however, prefer 
able to remove the Sodamide from the process 
from time to time. This formation of sodamide 
does not cause any monetary loss, as there is al 
ways a market for the same. 
The amount of sodium ammonium which must 

be added to the oil should, of course, be greater 
than the usual 70 pounds per barrel of oil treated, 
as the weight of ammonia must be taken into con 
sideration, so that there is always present at least 
70 pounds of sodium per barrel of oil treated. As 
already stated, the temperature of treatment is 
450° E. The oil sludge mixture after treatment is 
cooled to 75° F. in cooler 226 and is then filtered. 
The sludge is then ground with liquid ammonia 
in the diagrammatically illustrated grinding ap 
paratus 23f, at a temperature of -27 F. At this 
temperature there is a vapor pressure of only one 
pound gauge so that the operation may be carried 
out without the necessity of using expensive pres 
sure equipment. The solution of sodium am 
monium containing sludge is then passed through 
filter press 237 at the temperature of -27. F., and 
the pure solution which has been freed of sludge 
is passed to evaporator 240. This evaporator is 
maintained at any pressure desired, the control 
ling factor being the rate of evaporation desired, 
and therefore the temperature at which it is de 
sired to evaporate the excess liquid ammonia. It 
is, of course, understood that the evaporator 240 
must be built to stand the vapor pressure of ami 
monia at the temperature at which the evapora 
tion is to be carried out. 
The treatment of oil with pure metallic sodium 

is preferred to the treatment of oil with sodium 
ammonium; and the steps described with refer 
ence to Fig. 1 of the drawings for recovering un 
reacted metallic Sodium from the sludge by the 
addition of a further excess of metallic sodium to 
coalesce the finely divided particles, are preferred 
to the recovery steps including the use of liquid 
??????, described in connection with Figs. 2 
and 3. 
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The following example will serve to show the 
results obtained when a mazoot or topped crude, 
which has been freed of gas oil and all lighter 
fractions, is treated by the present process. 

S Oil fegpº 

Na-Mazoot ratio–grams per liter-.-.- 200 
Na-Mazootratio-pounds per barrel- 70 

O Temperature of treatment-F----- 450 
Time of treatment-hours--------- 1. 
Agitation ------------------------ Centrifugal 
Temperature of filtration F------- 70 
Yield of Na-treated mazoot from 

5 original mazoot----------------- 65 
Vac. distillation for lube. oil-mm.-- 2 
Yield of zero sligh oxidation lube. oil 
from treated mazoot-per cent.-- 

Yield of zero sligh oxidation lube. oil 
20 from original mazoot-per cent.-- 65 

Yield of zero sligh oxidation tube. oil 
from crude--------------------- 47 

Per cent Na consumed------------- 15 
Na consumed per barrel of original 

25 mazoot-pounds per barrel------ 1. 
Na consumed per barrel of treated 
mazoot-pounds per barrel------ 1% 

: Na consumed per barrel of Zero sligh 
30 oxidation lube. oil obtained 

pounds per barrel--------------- 1% 
Untreated mazoot required per bar 

rel of lube. oil obtained-gallons- 65 

The mazoot so treated was then subjected to 
a vacuum distillation to separate the various lu 
bricating fractions. 

Analysis by vacuum distulation 
Mazoot represents 72.35% of a representative 

mixture of Gulf Coastal type crudes. 

The following example will show the treatment 
of oil with sodium annonium: - 

s 

Pounds 
Ratio NaNo. O 
Grams per liter-------- 
Pounds barrel----------------------------- 13 

Temp. of tnerat- 425-450, 
Time of treatment 8%hours 

100 - 

Sigh oxidation.-- -- 
Sulphur percent--------------------------------- 

After separating the oil from the sludge by . 
filtration, the sludge was ground with liquid am- 30 
monia and subsequently filtered to separate the 
ammonia-sodium solution from the sludge, and 
the excess ammonia then evaporated from the 
solution. This resulted in 100% recovery of un 
reacted sodium from the sudge. 35 

Oil (G 

Initial charge (200 gr./ 
liter)--------------- 678 grams sodium 

Temp. of treatment ?25 ?50? ??. 40 
Time of initial treatment 134 hours 

Rate of continuous treatment 
Oil------------------- 4.5 cc./minute 

Gravity ----------------------------- 19.0 
Flash ------------------------------- 285° F. 

45 Fire ---------------------------------- · 380? ??. 
Wiscosity at 100 F-------------------- 104.7 
Wiscosity at 210 F-------------------- 74 
Pour test----------------------------- --10? ??. 
Sulphur ----------------------------- 0.46% 

50 Charge ---------AS LSqqqSqS qS qSSSS SS MS SLSLSLS S LSLSSSS SLS LSLS L L SLLLSLSSLS SSSS 1400 cc. 

Gravity --------------------------- 23.7 
Neutral number-------------------- Neutral 
Conradson carbon------------------- 0.19 
Ash-percent---------------------- Trace 
Sulphur-per cent------------------ 0.09 

Temp. 
nam. Percent A. P.I. F. F. 
pres. | chg. grav. | flash , fire 

Na------------------- 1.0 grams/minute 
EiuK---------------- 5.2 grams/minute 

Consumption of Na dur 
ing treatment-------- No appreciable amount .50 

Recovery of sodium 
1st step--------------. 82.1% of total sodium 
2nd step-------------- 68.5% of remainder 
Overall recovery------. 94.4% 55 

Sligh Col Percent Neut. 19º ?|?|s.E.|? ? 
100 130 20 60 

284 0.0 
28.4 0.0 3S 

65 25.2 0.0 0.02 
24) 0.0 0.02 35 
23.2 0.0 0.0i 
224 0.0 0.02 
2.9 0. 0.04 
22.7 0.0 0.08 

- 23. 0.0 0.20 
70 2.7 0.0 . .5 

YSLLLLLLLGGLLLGLLGGLLLLLLLSLLLLLLGGLLLGLLGLYLSLLLLYGLLLGGLGLLGGLGLLSYLLLLLS 70 
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Temp. of recovery 
list step-------------- 450F. 
2nd step-------------- 250 F. 

Yield of refined oi 
Average-------------- 80% 

sodium used for refining-70 pounds per barrel 

O 

5 

A mixture of oil and sodium was treated in an 
agitator such as shown in Fig. 1 of the drawings, 
at 450° F., the ratio of oil sodium being 200 gr. 
Na per liter of oil (70 pounds sodium per barrel 
of oil), until a sample of the oil, on being with 
drawn and filtered, showed a zero sligh oxida 
tion number. When oil having zero sligh oxida 
tion characteristics was obtained, a continuous 
stream of untreated oil admixed with sodium in 
the same ratio as before stated was supplied to 
the agitator, and at the same time continuous re 
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moval of treated oil was effected at the same rate 
the untreated oil and sodium were added. This 
eflux of treated oil was run directly and con 
tinuously into a sodium recovery tower, such as 
shown (22) in Fig. 1 of the drawings, which was 
packed with iron Lessing rings and charged with 
fresh sodium. The charge of fresh molten sodium 
in the tower caused the coalescence of a portion 
of the unreacted sodium present in the sludge. 
The efix from the bottom of the tower WaS COn 
tinuously cooled and passed through a falter press 
having canvas filtering media to separate the 
refined oil from sludge and the remaining excess 
sodium. The pressed dry falter cake was then 
run into a mechanical mixer, in which it was 
ground with fresh molted sodium at a tempera 
ture of 250°F. After sufficient contact in the 
grinding mill, the mixture was filtered through 
canvas and the filter cake was pressed in a 
hydraulic press to remove the excess sodium. 

In the foregoing specific examples the Sodium 
oil ratios have been given in pounds per gallon 
or grams per liter. The following table shows 
the sodium-oil ratios on the basis of weight alone 
for the first six specific examples: 

A.P. I.| Den- || Gr. Na per Percent Na || Oil/Na gravity sity liter oil by weight ratio 

Fercén V 

21, 927 200 21.5| 4.62/1 
19.7 .936 200 21.3 4,681 
18.3 .945 244 25.8 3.87 
8.5 943 23 22.5 4.42 
9.0 940 200 2.2 4.7i. 
18.3 .945 85 9.5 5. 1I1 

The gravities of lubricating oils vary between 
17° and 35° A. P. II., it is therefore more con 
venient to express the oil-sodium ratios on the 
basis of weight alone and for this reason the fol 
lowing data is given to show the range of per 
centage of sodium possible where the oils are 
treated with 170 to 220 cc. of Sodium per liter of 
oil: 

Percent Na by weight of 
oil 

170 grams 220grams 
per liter per liter 

Percent Percent 
35 A. P.I. Gravity oil----------------- 20 25.9 
17 A. P. I. Gravity oil----------------- 16.6 23 

What I claim and desire to protect by Letters 
Patent is: 

1. The process of improving the viscosity 

9,055,210 
temperature characteristics and other qualifties 
of mineral lubricating oils which comprises de 
hydrogenating unsaturated constituents of the oil 
by subjecting the oil to the action of colloidally 
dispersed metallic sodium, in an amount Substan 
tially in excess of that required to desulphurize 
and at a temperature above the melting point of 
sodium but below the cracking temperature of 
the oil, until unsaturates are dehydrogenated and 
rendered a sludge substantially solid at normal 
temperature and separable from the oil, and re 
??ving hydrogen, sludge, and sodium from the 

2. The process of improving the viscosity 
temperature characteristics and other qualities 
of mineral lubricating oils which comprises sub 
jecting the oil to the action of collodially dis 
persed metallic sodium, at a temperature above 
the melting point of sodium but below the crack 
ing temperature of the oil, until unsaturates are 
dehydrogenated and rendered substantially solid 
at normal temperature and separable from the 
oil, utilizing in said procedure an amount of 
Sodium in excess of that required. to effect said 
dehydrogenation and not less than about 16% 
to 26% by weight of the oil so as to enable it to be 
Subsequently separated, separating the oil from 
the Sodium and dehydrogenated unsaturates and 
separating the sodium from the dehydrogenated 
unsaturates. 

3. The process of improving the viscosity-tem 
perature characteristics and other qualities of 
mineral lubricating oils which comprises sub 
jecting the oil to the action of colloidally dis 
persed metallic sodium, at a temperature above 
the melting point of sodium, but below the crack 
ing temperature of the oil, until unsaturates are 
dehydrogenated and rendered substantially solid 
at normal temperature and separable from the 
oil, utilizing in Said procedure an amount of so 
dium in excess of that required to effect said 
dehydrogenation and not less than about 16% 
to 26% by Weight of the oil so as to enable it to 
be subsequently separated, separating the oil 
from the Sodium and dehydrogenated unsatu 
rates, separating the Sodium from the dehydro 
genated unsaturates, treating the sodium with a 
Washing fluid adapted to separate adsorbed hydro 
gen therefrom, separating the sodium from the 
Said Washing fluid and utilizing the separated so 
dium, together with fresh sodium required to 
make up for that lost in the reaction, in the 
above specified treatment of fresh supplies of oil. 

4. The process of improving the viscosity 
temperature characteristics and other qualities 
of mineral lubricating oils which comprises de 
hydrogenating unsaturated constituents of the 
oil by Subjecting the oil to the action of colloid 
ally dispersed metallic Sodium in an amount sub 
stantially in excess of that required to desulphur 
ize and at a temperature above the melting point 
of Sodium but below the cracking temperature of 
the oil, agitating the oil-sodium mixture until 
unsaturates are dehydrogenated and rendered a 
sludge substantially Solid at normal temperature 
and separable from the oil, and removing hydro 
gen, sludge, and sodium from the oil. 

5. The process of improving the viscosity-tem 
perature characteristics and other qualities of 
mineral lubricating oils which comprises dehy 
drogenating unsaturated constituents of the oil 
by subjecting the oil to the action of colloidally 
dispersed metallic Sodium, in an amount substan 
tially in excess of that required to desulphurize 
and at a temperature above the melting point of 
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Sodium but below the cracking temperature of the 
oil, until unsaturates are dehydrogenated and 
rendered a sludge substantially solid at normal 
temperature and separable from the oil, passing 
the oil-sodium-sludge mixture into contact with 
a Solvent adapted to coalesce and selectively dis 
solve colloidal sodium, removing oil and sludge 
from the coalesced SOdium, and then separating 
treated oil from the sludge. 

6. The process of improving the viscosity-tem 
perature characteristics and other qualities of 
mineral lubricating oils which comprises dehy 
drogenating unsaturated constituents of the oil 
by subjecting the oil to the action of colloidally 
dispersed metallic sodium, in an amount Sub 
stantially in excess of that required to desul 
phurize and at a temperature above the melting 
point of sodium but below the cracking temper 
ature of the oil, until unsaturates are dehydro 
genated and rendered a sludge Substantially solid 
at normal temperature and separable from the 
oil, passing the oil-SOdium-sludge mixture into 
contact with a solvent adapted to coalesce and 
selectively dissolve a portion of the colloidal so 
dium, removing oil and sludge from the coalesced 
sodium, then separating treated oil from the 
sludge and removing further sodium from the 
sludge and utilizing the sodium separated as speci 
fied in the above defined treatment of fresh sup 
plies of oil. 

7. The process of improving the viscosity-tem 
perature characteristics and other qualities of 
mineral lubricating oils which comprises dehy 
drogenating unsaturated constituents of the oil 
by subjecting the oil to the action of colloidally 
dispersed metallic sodium, in an amount Sub 
stantially in excess of that required" to desul 
phurize and at a temperature above the melting 
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point of sodium but below the cracking tempera 
ture of the oil, until unsaturates are dehydro 
genated and rendered a sludge substantially solid 
at normal temperature and separable from the 
oil, passing the oil-sodium-sludge mixture into 
contact with a substantially larger amount of 
molten metallic sodium to coalesce colloidal So 
dium, removing oil and sludge from the coalesced 
sodium, and then separating treated oil from the 
sludge. 

8. The process of improving the viscosity-tem 
perature characteristics and other qualities of 
mineral lubricating oils which comprises dehydro 
genating unsaturated constituents of the oil by 
subjecting the oil to the action of colloidally dis 
persed metallic sodium, in an amount substan 
tially in excess of that required to desulphurize 
and at a temperature above the melting point of 
sodium but below the cracking temperature of 
the oil, until unsaturates are dehydrogenated and 
rendered a sludge substantially solid at normal 
temperature and separable from the oil, passing 
the oil-sodium-sludge mixture into contact with 
a substantially larger amount of molten metallic 
sodium to coalesce a portion of the colloidal so 
dium, removing oil and sludge from the coalesced 
sodium, then separating treated oil from the 
sludge and removing further sodium from the 

9 
sludge by grinding it with liquid metallic sodium. 

9. The process of improving the viscosity-tem 
perature characteristics and other qualities of 
mineral lubricating oils which comprise dehydro 
genating unsaturated constituents of the oil by 
subjecting the oil to the action of colloidally dis 
persed metallic sodium, in an amount substan 
tially in excess of that required to desulphurize 
and at a temperature above the melting point of 
Sodium but below the cracking temperature of 
the oil, until unsaturates are dehydrogenated and 
rendered a sludge Substantially solid at normal 
temperature and separable from the oil, passing 
the oil-sodium-sludge mixture into contact with 
a substantially larger amount of molten metallic 
Sodium to coalesce a portion of the colloidal so 
dium, removing oil and sludge from the coalesced 
Sodium, then separating treated oil from the 
sludge and removing further sodium from the 
sludge by grinding it with liquid ammonia sepa 
rating the liquid ammonia from the sodium and 
utilizing the separated Sodium, together with 
fresh sodium required to make up for that lost 
in the reaction, in the above specified treatment 
of fresh Supplies of Oil. 

10. The process of improving the viscosity-tem 
perature characteristics and other qualities of 
mineral lubricating oils which comprises dehy 
drogenating unsaturated constituents of the oil 
by subjecting the oil to the action of colloidally 
dispersed metallic sodium, in an amount substan 
tially in excess of that required to desulphurize 
and at a temperature above the melting point of 
sodium but below the cracking temperature of 
the oil, until unsaturates are dehydrogenated and 
rendered a sludge substantially solid at normal 
temperature and separable from the oil, removing 
hydrogen, sludge and sodium from the oil, and 
dissolving the sodium with sludge in liquid am 
monia, then separating from the sludge the so 
dium ammonium. So formed and hydrogen ad 
sorbed by the Sodium during the dehydrogenation 
reaction separating the ammonia and hydrogen 
from the sodium and utilizing the separated So 
dium, together with fresh sodium required to 
make up for that lost in the reaction, in the 
above specified treatment of fresh supplies of oil. 

11. The process of improving the viscosity 
temperature characteristics and other qualities of 
mineral lubricating oils which comprises dehy 
drogenating unsaturated constituents of the oil 
by subjecting the oil to the action of colloidally 
dispersed metallic sodium, in an amount sub 
stantially in excess of that required to desulphur 
ize and at a temperature above the melting point 
of sodium but below the cracking temperature of 

- the oil, until unsaturates are dehydrogenated and 
rendered a sludge substantially solid at normal 
temperature and separable from the oil, passing 
the oil sodium mixture into contact with a Sol 
vent adapted to coalesce and selectively dissolve 
colioidal sodium, removing oil and sludge from 
the coalesced sodium, and filtering the same to 
recover treated oil from the sludge. 

RCHARD S. WOSE. 

O 

5 

20 

30 

35 

40 

45 

50 

55 

60 

65 


