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This invention relates to a process for refining or 
finish-treating lubricating oils or their fractions by hydro 
genation under specific mild conditions, in the presence 
of a catalyst comprising molybdenum oxide on a sili 
ceous Support, wherein improvements in physical prop 
erties of the products are obtained without impairment 
of the inherent good qualities of the feed oil. More 
particularly, the process is one in which, through mild 
hydrogenation using a particular catalyst, improvements 
in such properties as steam emulsion number and re 
duction in neutralization number are obtained without 
reduction in the content of naturally-occurring inhibitors 
present in the lubricating oil feed. 

Recent developments in the hydrogenation of petrol 
eum show that it is adaptable for converting fuel oil 
to gasoline and gas oil, increasing the parafiinicity of 
kerosenes, burning oils, and lubricating oils, and con 
verting all types of asphalts to distillate fuels. Until 
the last few years, commercial hydrogenation has been 
restricted to the use of highly purified hydrogen at 
pressures greater than atmospheric, temperatures below 
decomposition temperatures of the feed, and in the pres 
ence of powerful but sensitive catalysts of the type of 
reduced nickel. These processes are generally applicable 
to sulfur-free and arsenic-free materials, and accordingly 
are related primarily to the streatment of vegetable fats 
and oils. By using hydrogen alone and employing greatly 
increased pressures, both coal and petroleum oils can 
be highly liquefied, but because of their high contents 
of sulfur, oxygen compounds and ring-type compounds 
the resulting products are difficult to crack or further re 
fine. With the advent of catalytic desulfurization, hydro 
genation and reforming processes as applied to lighter 
stocks, and the development of sulfur resistant catalysts, 
the art has seen many developments. in the field of flexible 
methods of treating and refining by the use of hydrogen. 

Refining through the use of both chemical and physical 
means has long been known to enhance the utility and 
stability of waxes, lubricating oils and their fractions. In 
the application of hydrogenation as the refining method, 
the artists a large number of metal compounds, particul 
larly the oxides and sulfides of the metals of group VI 
and group VIII, paying particular attention to nickel, co 
balt, iron, molybdenum, tungsten and chromium for these 
purposes. It is also recognized in the art that only 
through judicious application of refining methods can the 
inherent stability, color properties, or viscosity-tempera 
ture characteristics of a lubricating - oil or wax be pre 
served, since many refining operations, including acid 
treatment, hydrogenation, solvent extraction, adsorption, 
thermal diffusion, extractive distillation, hydrodesulfur 
-ization, and chemical and clay treatments, remove desir 
able constituents along with the undesirable constituents. 
To overcome the shortcomings of the refining methods, 
it is common practice to incorporate various addends in 
the finished products and bring about new properties. 
Thus, it is common practice to apply refining methods to 
the extent of their worth as regards-enhancement of vis 
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cosity, viscosity-index, color and carbon residue and then 
fortify the finished oil by the use of addends to offset de 
ficiencies in oxidation stability, demulsibility, acid num 
ber, sludge resistance and the tendency to corrode metal 
parts which are directly or indirectly a result of the re 
fining process. 

Within the vast amount of art available on hydrogena 
tion, hydrodesui furization, destructive hydrogenation (hy 
drogenolysis) and related refining processes employing 
hydrogen to treat a wide variety of feed stocks, attention 
is generally directed to such matters and problems as the 
method of catalyst preparation or pretreatment, catalyst 
composition, removal or destruction of sulfur, oxygen and 
nitrogen compounds, removal or destruction of asphaltic 
or resinous compounds, the use of promoters in obtain 
ing fluidizable catalysts, color stability in the product, re 
moval of unsaturates and maintaining catalyst life or 
activity. These processes are generally conducted at tem 
peratures above 750 F., employing pressures well above 
500 lbs. per square inch, and as such inherently remove 
cr transform both the undesirable and the desirable con 
stituents therein. The art has now come to recognize that 
certain of the naturally-occurring sulfur, oxygen and ni 
trogen compounds that are destroyed or removed during 
these refining operations, have a decided effect upon the 
oxidation stability and sludge-forming propensities of the 
refined lubricating oils. A finished lubricating oil, con 
sisting as it does of 10 to 40% of high boiling aromatic 
compounds, 25 to 80% of naphthenic hydrocarbons, and 
15 to 75% of isoparafiinic hydrocarbons, along with vari 
cus percentages of sulfur, oxygen and nitrogen com 
pounds, represents a complex system for study. Although 
it is recognized that the stability of the lubricating oil in 
service, wherein it is subjected to highly complicated oxi 
dation atmospheres catalyzed by the presence of metallic 
surfaces, which oxidation progresses as the extent of use 
is prolonged, may be improved by removing certain of the 
more unstable naphthenes, aromatics, or diphenyls, the 
organic sulfur compounds are responsible for much of 
the remaining resistance to oxidation the oil may have. 
Attempts have been made to isolate the sulfur com 

pounds naturally present in lubricating oil fractions, as 
by the formation of mercuric chloride addition com 
pounds, or by selective adsorption on fuller's earth, but 
the results were not quantitative and the sulfur-rich ex 
tracts proved to be intractable and could not be separated 
or purified by ordinary chemical means. In many in 
stances, it has been reported that the sulfur-containing 
fractions did not inhibit the oxidation of the sulfur-free 
oils. The sulfur compounds themselves must be as com 
plicated as the mixtures of hydrocarbons from which they 
are extracted. Research on the oxidation inhibition quali 
ties of synthesized sulfur compounds has indicated that 
monosulfides are good inhibitors; those sulfur compounds 
in which the sulfur is a part of a ring are somewhat more 
active, but mercaptains and disulfides are not as active 
on an equivalent sulfur basis as the corresponding mono 
sulfides. 
fluence of the rate of reaction. of the sulfur-compounds 

These differences are partly attributed to the in 

with peroxides formed or present in oil, and it is gener 
ally accepted that the rate of oxygen adsorption of oils 
may be proportional to the peroxide concentration. 
Those oils which contain natural antioxidants, or agents 

: capable of reducing peroxides, will not build up high per 
oxide concentrations with consequent high oxidation rates. 
Sulfur compounds in their reaction with the peroxides are 
oxidized to deleterious products in the oil. The refiner, 

: therefore, is faced with the dilemma of refining lubricat 
sing oils to improve their flow characteristics while still try 
ling to retain a sufficient concentration of natural sulfur 
compounds to prevent the development of appreciable 
concentrations of peroxides -and-consequent high -oxida 



3 
tion rates, and at the same time maintaining the content 
of sulfur compounds sufficiently low so that upon oxida 
tion the concentration of deleterious oxidation products 
is innocuous. 

In accordance with the present invention, it has been 
discovered that lubricating oils, their fractions, and base 
stocks can be refined by mild hydrogenation using a 
molybdenum oxide-silica-alumina catalyst, under particul 
lar conditions of temperature and pressure, to enhance 
the viscosity, viscosity-index, color and other related 
properties without adversely affecting the steam emulsion 
number or destroying the naturally-occurring oxidation 
inhibiting sulfur compounds, while at the same time 
attacking the oxygen-containing compounds to the extent 
that the content of naphthenic acids is reduced Sufi 
ciently to meet the required neutralization number. 

Accordingly, a first object of this invention is to provide 
a process for refining or finishing lubricating oil fractions 
and lubricating oil base stocks. 
Another object of this invention is to provide a Superior 

catalyst composition and method of its utilization for 
improving the properties of lubricating stocks by mild 
hydrogenation. 
A third object of the invention is to provide a catalyst 
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From the results shown in the table it is seen that in 
runs No. 3, 6 and 7 the products have increased vis 
cosity index and exhibit properties which show controlled 
hydrocracking. Reference is made to the last three col 
umns of the table which show the amount of material 
boiling below the initial boiling point of the charge, the 
viscosity index of the product fraction having an initial 
boiling point of 718 F. (the initial B.P. of the charge), 
and the initial boiling point of the hydrogenated prod 
uct. Although all of the runs were conducted at a low 
space velocity of 1.5, the data at 650 F. indicates that 
this temperature is the highest temperature desirable for 
the reaction. The acid reduction was not as good at 
650 F. as that obtained at 550 F., and at the higher 
temperature, desulfurization is becoming appreciable. At 
these higher temperatures the controlled hydrocracking is 
increased and therefore the active cycle life of the cata 
lyst is shorter. This necessitates intermittent catalyst 
regeneration in order to maintain catalyst activity at the 
maximum if charge stocks are employed wherein Sub 
stantial lowering of viscosity is desired. Otherwise, the 
catalyst will perform to quantitatively remove acids but 
the extent of controlled hydrocracking will be reduced. 
It should be noted also that at 650 F. the improvement 

for the mild hydrotreating of lubricating oils, which 25 in steam emulsion characteristics has passed the opti 
catalyst contains a minor amount of an oxide of molyb- mum, although results are obtained which are still far 
denum incorporated on a silica-alumina Support con- Superior to those obtained under any conditions over 
taining a predominant amount of silica. catalysts composed of molybdenum oxide on alumina, or 

Still another object is to provide a process for preparing molybdenum oxide on alumina which has only small 
neutrals or lubricating oil stocks of lower density and 30 amounts of silica incorporated therein. 
other improved properties from heavier stocks such as In another series of runs, several catalysts were tested 
deasphalted oils and bright stocks. over a longer period of time in order to determine their 
These and other objects of the invention will become relative efficiencies for removing acids from the 241 vis 

apparent as the description thereof proceeds. cosity neutral lubricating oil stock used in the runs pre 
In order to demonstrate the invention, a series of ex- 35 sented in Table I. Before making these runs the cata 

periments were conducted in which a 241 viscosity neu- lysts tested were calcined and reduced at around 800 
tral lubricating oil stock was treated to mild hydrogen- F. Runs were made at a pressure of 250 p.s.i.g., and at 
ation at different temperature levels at a liquid volume temperatures of around 570 F. The charge rates were 
hour space velocity of 1.5, hydrogen-to-oil mol ratio of at a LVHSV of 1.3 and the hydrogen charge rate was 
6.5 to 7.5, and under a pressure of 500 p.s.i.g., employing 40 3000 cubic feet per barrel of charge. After 15 hours on 
various molybdena-containing catalysts. The lubricating stream, the acid numbers as shown in Table II were ob 
oil before treatment had the following characteristics: tained. These results clearly show the superiority of 
API gravity------------------------------ 24.2 the catalyst of our invention under conditions of mild or 

Color NPA------------------------------- 3/2 incomplete pretreatment or regeneration procedures. 
Refractive index ND"----------------------- 1463 45 Under more complete regeneration procedures at tem 
Molecular weight-------------------------- 370 peratures of around 1000 F., complete acid removal is 
Carbon res. (Conradson).-------------------- 0.02 obtained over each of the catalysts for prolonged cycles 
Neutralization number---------------------- 2.88 of operation. The data thus show that the catalyst of 
Vis. CD 100 F., SUS------------------------ 241.3 our invention is less dependent upon precise regeneration 
Vis. CD 210 F SUS----------------------- 47.4 50 procedures than are other compositions. 
Viscosity index.----------------------------- 76.3 The data show that catalysts containing 3.0 to 10% 
Sulfur content, wt. percent------------------ 1.13 Moos on silica-alumina, high-surface-area supports CO 
Steam emulsion No.------------------------- 145 taining around 83 to around 90 percent silica are far su 
Initial boiling point, F--------------------- 718 perior to other catalyst compositions when used in the 

55 temperature range of 550-650 F., and that beyond these 
The results of these experiments are shown in the foll- temperature ranges the catalysts still function although 
lowing table: they are relatively less superior at higher temperatures. 

TABLE I 

Hydrotreating lubricating oil 

Catalyst Composi 
tion Temp, 

of 
Run treat 
No. Base Comp. ment, 

F. API Color D20 Mo. 
MOO Wit. 

SiO2 A0s 

550 24. 4---------------- 4862 355 
550 1. 4850 365 
550 i. 482 345 
550 4868 345 
550 1.4854 375 
650 1,472 320 
650 4786 300 

Characteristics of Product 

IBP, 
o F., 

Wis., SUS Wit. Steam Wol. w Over 
Neut. WI Per-Emul Percent Lube head 
No. cent sion K718 Stock 

100°F.20°F. S No. F. 

<0.03 225 46.6 77 1.21 90 
K0.03 219 46.3 78 121 109 
0.05 166.4 43.6 85 12 18 
0.04 226.8 46.7 77 1,8 68 

K0.03 214.4 46.2 8 1.05 92 1.4 78 665 
0, 16 96.6 39, 00 0.75 35 3,3 91 355 
0,16 14, 6 40.6 99 0.85 76 10.0 87 365 
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denum oxide on supports consisting essentially of alu 
mina, the results are inferior to those obtained over the 
same preferred catalysts at lower temperatures, i.e., runs 
3, 6 and 7 of Table I, and that by operating at the higher 
temperatures much of the superior activity of the pre 
ferred catalysts is lost. - 
The efficiency of these catalysts for other stocks also 

has been demonstrated. A deasphalted oil was processed 
over a catalyst composed of 10 percent molybdenum ox 
ide on a support of 83/17 SiO/Al2O3 to remove acids at 
595 F., 250 p.s.i.g., a LVHSV of 1.5, and a hydrogen 
rate of 2400 cubic feet per barrel of charge. The fol 
lowing results were obtained: 

70 

75 

TABLE 
Charge Product 

Catalyst Coposition, Netiza- --- 
percen On 

'Run No. Number Neut. No. (1948)---------------------------------- 1.51 .03 
Color--------------- 8-- 6 

(1948) 5 SRii. I. 15 s 

0. Considerable controlled hydrocracking was achieved. 
85 Thus, the data show that the combination of about 

10 10% MoO on 87%. SiO, and 13% AlOa as the cata 
lyst, used at temperatures of 550-650 F., gives the best 

The superiority in the prescribed temperature range is results. Other catalyst compositions, even when used at 
readily seen by comparing the catalysts of runs 3 and 5 the critical temperature range, either fail to give the re 
of Table I. The catalyst of run 3 produces an increased quired reduction in neutralization number, reduce the 
API gravity, preferred controlled hydrocracking, and in- 15 naturally-occurring sulfur compounds, or unduly influ 
creased viscosity characteristics. On the other hand, the ence the steam emulsion number of the product. 
catalyst of run 5 does little more than effect acid re- The invention may be applied to any lubricating oil of 
moval. Steam emulsion characteristics are vastly in- fraction thereof. Both neutrals and bright stocks may be 
proved with the catalyst of run 3, whereas in run 5 the satisfactorily treated in accordance with the invention. 
improvement is of far lesser magnitude. 20. The process may be advantageously applied to the con 
In order to show the influence of temperature on the version of bright stocks into neutrals by mild hydro 

properties of products obtained over these catalysts, a genation, and may be applied where the main object of 
run was carried out at 700 F. using .241 viscosity neu- the treatment is a reduction in the viscosity of the lubri 
tral lubricating oil stock as the charge and maintaining cating oil and an increase in viscosity index without af 
other operating conditions the same as in the above runs. 25 fecting the sulfur content and without producing gas or 
Using the 10 percent MoC) on a silica-alumina support, gasoline. The invention also finds use where reduction of 
containing 17 percent alumina, a product of the follow- steam emulsion number is the primary object, as in the de 
ing properties was obtained during a run of 19 hours du- velopment of steam turbine oils. The following Table 
ration: III sets forth the physical properties of some lubricating 

TABLE III 
Hydrogenation charge oils 

SUS Wiscosity Total Conrad 
No. Description WI Neut, No. AP Syr, SOnS.R., 

G 100° F.G 210° F. Percent Percent 

I------ Heavy deasphalted oil--------- 2,900 165, 6 96 0.80 22.9 ---------- 1.87 
2------ Medium neutral distillate----- 243.2 47.4 74 2.9 24.2 i.13 0. 
3-----------do------------------------- 242.1 47.4 76 2.9 24.0 1.13 0.05 
4------ Heavy deasphalted oil-------- 3,200 170.7 93 0.85 22.5 1.10 2.0 

Medium neutral distillate---. 243.8 47.5 75 3.03 24.3 I. 15 0.07 
Heavy deasphalted oil- 181 87 1, 6 2.6 1.23 2.23 
Neutral distillate-------------- 241.3 47.4 76 3.03 24.2 1.13 ---------- 
Heavy deasphalted residuum----------- 177.2 -------- i.5i 21.7 1.4 1.96 

- do----------------------------- 175.8 -------- 1.64 i-------- 1.23 2.0 
Solvent-refined neutral dist.-------------- 37.5 90 0.15 34.0 0, 12 O. O. 

li---------- do------------------------- 200 46.0 90 0.30 28.5 0.45 0.02 
12---------- do------------------------- 800 ---------- 90 0.35 27.0 0.60 0.25 
18----- Solvent-refined bright stock. 2,400 53.0 00 0, 25 26.5 0.45 0.60 
14----------do------------------------- 3,300 70,0 90 0, 45 24, 3 0.75 1.2 

API gravity------------------------------ 25.3 oils that may be benefited by applying the mild process 
Vis. SUS CD 100 F------------------------ 1970 ing with hydrogen according to this invention. 
Vis. SUS CD 210 F------------------ - - - - - - 45.2 55 In general, the operating conditions used in treating 
Viscosity index----------------------------- 80.0 lubricating oils to obtain the desired results are as fol 
Neut. No. (1948).-------------------------- <0.03 lows: 
Sulfur, wt. percent-------------------------- 0.87 TABLE TV 
Color, NPA-------------------------------- ' co Tepperature, F------------------------- 500-650 

It is thus seen that while these results are equal or supe- E./HC mol. ratio wn as a at as at a y my mm an a 8 
rior to those obtained over catalysts consisting of molyb- Pressure, psi.g--------------------------- 250-600 

By operating within the conditions set forth in Table IV 
using a catalyst composition consisting of about 3% 
molybdenum oxide, about 87% silica and 13% alumina 
with trace amounts of Na2O, Fe2O3 and other trace ma 
terials, lubricating oil distillates, bright stocks, and de 
asphalted residual oils can be improved with respect to 
their VI, color, neutralization number, demulsibility, and 
content of carbon residue, resins and oxygenated com 
pounds, without impairment of the naturally occurring 
sulfur content. In addition to this, where subsequent re 
fining operations are to be employed, such as extraction, 
it will be found that there is a decrease in corrosion with 
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in the extraction system and economies are obtained in 
the finishing clay-contacting treatments. The catalyst 
composition is subject to very little variation; in general, 
a minimum of about 2.5 to 3.5 weight percent of molyb 
denum oxide must be present with the upper limit at 
about 10 weight percent and the siliceous support must 
contain between about 83 and 90% silica, which means 
that the alumina content can vary between 10 and 17%. 
What is claimed is: 
1. The process of refining mineral lubricating oils 

having natural resistance to oxidation and deterioration 
due to the content of naturally-occurring sulfur com 
pounds therein and containing acidic compounds whereby 
the viscosity and viscosity index characteristics of said 
lubricating oils are enhanced, the steam emulsion num 
ber reduced and the content of said acidic compounds 
reduced without affecting the content of said naturally 
occurring sulfur compounds which consists in subject 
ing said mineral lubricating oils to contact with hydro 
gen at a temperature of between about 550' and 650 F. 
in the presence of a catalyst selected from the group 
consisting of a silica base containing about 87.0 wt. per 
cent of silica and about 13.0 wt. percent of alumina with 
about 3.0 wt. percent of molybdenum oxide, a silica base 
containing about 83.0 wt. percent silica and about 17.0 
wt. percent of alumina with about 10.0 wt. percent of 
molybdenum oxide and a silica base containing about 
87.0 wt. percent silica and about 13.0 wt. percent 
alumina with about 10.0 wt. percent of molybdenum 
oxide, and recovering a hydrogenated lubricating oil 
characterized by having an improved viscosity index and 
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8 
reduced neutralization number without reduction of said 
naturally-occurring sulfur compounds and without im 
pairment of the physical properties thereof. 

2. The process in accordance with claim 1 in which 
said catalyst consists in a silica base containing about 
87.0 wt. percent of silica and about 13.0 wt. percent of 
alumina with about 3.0 wt. percent of molybdenum 
oxide. 

3. The process in accordance with claim 1 in which 
said catalyst consists in a silica base containing about 
83.0 wt. percent of silica and about 17.0 wt. percent 
of alumina with about 10.0 wt. percent of molybdenum 
oxide. 

4. The process in accordance with claim 1 in which 
said catalyst consists in a silica base containing about 
87.0 wt. percent of silica, and about 13.0 wt. percent of 
alumina with about 10.0 wt. percent of molybdenum 
oxide. 

5. The process in accordance with claim 1 in which 
the mineral lubricating oil is selected from the group 
consisting of heavy deasphalted oil, medium vis. distillate 
oils, solvent-refined neutral distillates and solvent-re 
fined bright stocks. 
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