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ABSTRACT OF THE DISCLOSURE 
Improved lubricating oils are prepared from Waxy dis 

tillates by the processing sequence of solvent refining, 
catalytic dewaxing and hydrorefining. 

unuman 

The present invention is directed to improvements in 
the manufacture of lubricating oils. More particularly, 
it is concerned with a process comprising the three-stage 
treatment of a wax distillate, namely, solvent refining, 
catalytic dewaxing and catalytic hydrorefining. 
The quality of a lubricating oil is measured by certain 

characteristics such as oxidation stability, pour point, 
viscosity index and color. The requirements for various 
lubricating applications differ to a considerable extent 
and to obtain a satisfactory lubricating oil, a balance of 
the various characteristics is necessary depending on the 
requirements of the intended use. 

Lubricating oils intended primarily for use in internal 
combustion engines should have among other properties 
a high viscosity index, a relatively low viscosity and a 
low pour point. Various processes are available for the 
production of lubricating oils, for example, solvent de 
waxing to remove paraffins and reduce the pour point, 
deasphalting to remove asphaltic bodies, clay contact 
ing to further improve color and remove traces of acid, 
and solvent refining to remove aromatics and improve 
the viscosity index. Ordinarily to produce a high quality 
motor oil recourse is had in varying degrees to each of 
the processes mentioned above. 

In the process of the present invention a lubricating oil 
of high quality is produced by a simplified process which 
reduces the number of operational steps and also elimi 
nates the necessity of treating the oil with large amounts 
of solvents, acids and clay and the attendant problems 
of recovery and regeneration or disposal. In our process 
the lubricating oil stock is subjected to a particular Se 
quence of steps involving solvent refining, catalytic de 
waxing and hydrorefining. 

In the solvent refining operation, the oil undergoing 
treatment is subjected to liquid-liquid contact with a 
selective solvent which preferentially dissolves the more 
aromatic constituents from the oil undergoing treatment. 
It is a characteristic of the selective solvent en 
ployed that it is partially miscible with the oil under 
going treatment so that during the solvent refining opera 
tion there are formed two phases, a raftinate phase con 
taining substantially only a solvent refined oil having a 
reduced amount or proportion of aromatic hydrocarbons 
as compared to the oil charged to the solvent refining op 
eration, and an extract phase or mix comprising selective 
solvent and dissolved therein extract or extracted oil hav 
ing a relatively increased proportion or amount of more 
aromatic hydrocarbons as compared with the charge oil. 
The aforesaid solvent refining operation may be carried 
out stagewise (combinations of mixer-settler) or con 
tinuously in a suitable contacting apparatus, e.g. packed 
or plate tower, rotating disc contactor, either concur 
rently or countercurrently. Selective solvents which are 
suitably employed include furfural, phenols, liquid sulfur 
dioxide, nitrobenzene, 6,6'-dichloroethylether, dimethyl 
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formamide, diethylene glycol, N-methyl pyrrolidone and 
the like. 
The solvent refined oil is then subjected to catalytic de 

waxing. In this stage the oil is contacted with a catalyst in 
the pressence of hydrogen at elevated temperatures and 
pressures. The temperature will range from 450-850 F., 
preferably 550-750 F. Pressures of from atmospheric 
to 5000 p.s.i.g. and higher may be used although a pre 
ferred range is from 300 to 2000 p.s.i.g. A suitable liquid 
hourly space velocity (LHSV) is from 0.5 to 3.0 volumes 
of oil per hour per volume of catalyst although space ve 
locities of from 0.1-10 may be used. Advantageously, hy 
drogen in an amount ranging up to 20,000 s.c.f.b. (stand 
ard cubic feet per barrel) of charge may be present, pre 
ferred rates being 500-10,000 s.c.f.b. The hydrogen need 
not be pure and gases containing more than about 65 vol 
lume percent hydrogen may be used. In this connection, the 
term "hydrogen' is also intended to include dilute hydro 
gen. Reformer by-product hydrogen, hydrogen produced 
by the partial oxidation of hydrocarbon materials fol 
lowed by shift conversion and electrolytic hydrogen are 
satisfactory. 
The catalyst used in the dewaxing stage of our process 

comprises a hydrogenating component Supported on a 
low sodium mordenite. Synthetic mordenite is usually 
prepared as the alkali metal alumino silicate which for 
the purpose of the present invention is an inactive form. 
To convert the synthetic mordenite to a form active 
for the cracking of hydrocracking of the waxy compo 
nents of the oil, it is converted to the hydrogen form by 
removal of the alkali metal ion, usually sodium. The re 
moval of the sodium ion is accomplished by contacting 
the synthetic mordenite with ammonia or a compound 
thereof usually in the form of a water solution to incor 
porate the ammonium ion in the mordenite. Subsequent 
calcination converts the mordenite to the active or acid 
form. The mordenite may also be converted to the low 
sodium or acid form by contact with a dilute acid such 
as 3 N or 6 NHC. 
Of the various natural and synthetic zeolites now avail 

able in the industry only the low sodium or acid form 
of mordenite is satisfactory for the purposes of the pres 
ent invention. Other crystalline zeolies such as zeolite A, 
faujasite, zeolite X and zeolite Y are unsatisfactory 
whether or not they have a low alkali metal content. 
This is attributed to the combination of pore size and 
unusual catalytic activity of the mordenite. Whereas zeo 
lite A and faujasite have pore openings of 5 A. and Zeo 
lites X and Y have uniform pore openings of 10-13 A., 
the catalyst supportured in our process has sorption chan 
nels which are parallel to the C-axis of the crystal and 
are elliptical in cross-section. The dimensions of the 
sorption channels of sodium mordenite based on crys 
tallographic studies have been reported as a minor diam 
eter of 5.8-5.9 A., a major diameter of 7.0–7.1 A. and an 
average diameter of 6.6 A. The hydrogen form of the 
mordenife appears to have somewhat larger pore openings 
with a minor diameter of not less than 5.8 A. and a ma 
jor diameter less than 8 A. The effective working pore 
diameter of the hydrogen mordenite prepared by acid 
treating synthetic mordenite appears to be in the range 
of 8 A. to 10 A. as indicated by the adsorption of aro 
matic hydrocarbons. 

Supported on the hydrogen form of the mordenite is a 
hydrogenating component which comprises a Group VIII 
metal or compound thereof, for example the oxide or 
sulfide, which may be associated with a Group VI metal 
or compound thereof. Noble metals such as platinum, 
palladium and rhodium have been found especially use 
ful and may be used in amounts of 0.1-5% based on the 
total catalyst weight with a range of 0.5-2.5 being pre 
ferred. Other suitable hydrogenating components com 
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prise nickel, cobalt and iron, particularly when used in 
conjunction with a Group VI metal such as molybdenum 
or tungsten. Suitable combinations include cobalt mo 
lybdenum, nickel molybdenum and nickel tungsten. The 
latter type of hydrogenating component may be present 
in an amount ranging from 5-40% by weight, prefer 
ably 10–25%. The hydrogenating component may be in 
corporated into the support by ion exchange or by im 
pregnation, each of these methods being well known in 
the art. 

In the catalytic dewaxing stage of the process, the waxy 
components are cracked to lighter components having a 
boiling point considerably lower than the desired lube oil 
fraction and therefore are easily separated therefrom. 
The principal byproducts of our catalytic dewaxing proc 
ess are light hydrocarbons such as ethane, propane and 
butane. 
The catalytically dewaxed oil is then introduced into 

the hydrorefining stage and brought into contact with the 
hydrogenating catalyst at elevated temperatures and pres 
Sures in the presence of hydrogen. Suitable catalysts com 
prise the oxides and/or sulfides of metals such as cobalt, 
molybdenum, nickel, tungsten, chromium, iron, manga 
nese, vanadium and mixtures thereof. The catalytic ma 
terials may be used alone or may be deposited on or 
mixed with a support such as alumina, magnesia, silica, 
zinc oxide, natural and synthetic zeolites or the like. Par 
ticularly suitable catalysts are nickel tungsten sulfide, mo 
lybdenum oxide on alumina, a mixture of cobalt oxide 
and molybdenum oxide generally referred to as cobalt 
molybdate on alumina, molybdenum oxide and nickel ox 
ide on alumina, molybdenum oxide, nickel oxide and co 
balt oxide on alumina, nickel sulfide on alumina, molyb 
denum sulfide, cobalt sulfide and nickel sulfide on alu 

la 

In the hydrorefining zone, pressures and temperatures 
may range broadly between 500-5000 p.s.i.g. and 500 
900 F., preferred ranges being 800-3000 p.s.i.g. and 
600-800° F., respectively. Space velocities of 0.25-3.0 
may be used although a rate between 0.5 and 1.5 is pre 
ferred. The hydrogen rate may range between 200 and 
10,000 s.c.f.b. although suitable results are obtained at 
hydrogen rates between 2000 and 6000 s.c.f.b. This hy 
drorefining treatment results in a hydrogenated product 
having substantially the same boiling range as the charge 
to the hydrorefining zone and is termed non-destructive 
hydrogenation as distinguished from destructive hydro 
genation in which a substantial portion of the product 
boils at a temperature below that of the charge. 

It is possible to carry out the second and third stages 
of the process, namely the catalytic dewaxing and cata 
lytic hydrorefining stages in separate reactors with the 
catalytic dewaxing catalyst in one reactor and the cata 
lytic hydrorefining catalyst in the other with each reactor 
having its own hydrogen system and its own recycle sys 
tem or with the reactors having a common recycle sys 
tem. It is also possible to have two catalyst beds in the 
same reactor, for example having a bed of dewaxing cat 
alyst superimposed over a bed of hydrorefining catalyst 
and to pass the solvent refined wax distillate downwardly 
through the two beds in sequence. In this way the entire 
effluent from the catalytic dewaxing stage is introduced 
into the catalytic hydrorefining stage. 
Our process also permits the use of starting materials 

which are more viscous than those used in conventional 
processing. For example, the catalytic dewaxing and hy 
drorefining of a furfural refined wax distillate 15 results 
in a product having a lower viscosity at the viscosity in 
dex level of a sovent refined-solvent dewaxed oil. (231 
SU/vis./100 F. vs. 250 SUS for furfural refined and sol 
vent dewaxed wax distillate 15.) The corresponding vis 
cosities for wax distillate 20 when treated according to 
our process are 330 vs. 350 when treated by conventional 
solvent refining and solvent dewaxing. This indicates that 
our process results in a greater reduction in viscosity than 
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4 
conventional treatment and therefore can handle more 
viscous charge stocks than can the conventional solvent 
refining-solvent dewaxing treatment. 
The following examples are given for illustrative pur 

poses only and should not be construed as limiting the 
invention in any manner. 

EXAMPLE I 
Below are set forth the data for a run in which the 

charge stock, a furfural refined distillate wax 20, hav 
ing a viscosity SUS at 100 F. of 271, a viscosity index 
of 103 and a pour point of 95° F. is catalytically de 
waxed in one reactor and the product catalytically refined 
in a second reactor under the various conditions set out 
in Runs 11-14. The catalyst in the first reactor is 2% 
palladium on decationized or acid mordenite and the 
catalyst in the second reactor is sulfided nickel tungsten. 

TABLE I 

First Stage Second Stage 
Run No.---------------------- 10 il 12 13 14 

PreSSure, p.S.i.g---- 850 1,500 1,400 850 850 
Temperature, F 625-650 650 675 675 700 
LHSV, V.Iw.fhr--- - - - 0.5 0.5 0.5 0.5 0.5 
Hydrogen rate, S. --- 8,000-16,000 6,800 8,600 8,400 7,800 
Product Wiscosity, SUS at 
100 F---------------------- 454 330 203 87 128 

Wiscosity Index- 76 90 96 97 99 
Pour, F--------------------- 5 O 15 10 O 

It will be noted that the hydrorefining recovered to a 
large extent the viscosity index lost in catalytic dewaxing. 

EXAMPLE II 

In this example a furfural refined waxy distillate hav 
ing an SUS viscosity at 100 F. of 264, a viscosity index 
of 105 and a pour point of 100 F. is passed downward 
ly through a reactor containing two catalyst beds, an 
upper bed of 0.5% palladium on decationized mordenite 
and a bed of equal size comprising 3% nickel and 9.5% 
tungsten on decationized mordenite. The results are set 
forth in Table II. 

TABLE I 

Run No.-------------------------------------------------- 20 21 

Pressure, p.s.i.g---- --- 1,500 1,500 
Temperature, F- 800 800 
HSV, viv-?hr------------------------------------------- 36 1.95 

Hydrogen rate, S.C.f.b--------------- --- 7,800 1,200 
Product Wiscosity, SUS at 100 F- - 184 18 
Viscosity Index.------------------ -- 92 95 
Four, F------------------------------------------------- 5 15 

EXAMPLE III 

It is important that the correct sequence of steps be 
followed. In this example, the reverse processing se 
quence of hydrorefining, catalytic dewaxing and solvent 
refining is used with poor results. The charge stock, simi 
lar to that used in Examples I and II is a waxy distiilate 
having a viscosity SUS at 100 F. of 445, a viscosity in 
dex of 72 and a pour point of 100 F. The hydrorefining 
catalyst is sulfided nickel tungsten, the dewaxing catalyst 
1% palladium on acid mordenite and the solvent fur 
E. Operating conditions and results are tabulated 
below. 

TABLE II 

Hydro- Catalytic Solvent 
refining Dewaxing Refining 

Temperature, F 750 650 87 
Pressure, p.s. i.g- 1,500 850 
LHSV, v.iv./hr. 1.0 0.51 
ES rate, SE: t 2,500 8,400 - atol (OSage, vol. percent-------------------------- X200 1X 300 Product Wiscosity, SS at %--1X 300% 

100 F-------------------- 220 427 397 
Wiscosity Index. 105 62 77 
Pour, F------------------- 100 -10 5 

These results compare unfavorably with those obtained 
in Example I in which the sequence is solvent refining 
catalytic dewaxing and hydrorefining. 
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Obviously, many modifications and variations of the 
invention as hereinbefore set forth may be made with 
out departing from the spirit and scope thereof, and 
therefore only such limitations should be imposed as are 
indicated in the appended claims. 
We claim: 
1. A process for the production of lubricating oils of 

improved properties which comprises subjecting a wax 
distillate to a solvent refining treatment to remove aro 
matics therefrom, contacting the solvent refined product 
with a catalyst comprising a hydrogenating component 
on low sodium mordenite under dewaxing conditions 
and then subjecting the solvent refined dewaxed oil to 
catalytic non-destructive hydrogenation. 

2. The process of claim 1 in which the solvent defining 
step comprises contacting the wax distillate with fur 
fural. 

3. The process of claim 1 in which the solvent refining 
step comprises contacting the wax distillate with N 
methyl pyrrolidone. 

4. The process of claim 1 in which the dewaxing cata 
lyst comprises palladium. 

5. The process of claim 1 in which the low sodium 
mordenite is prepared by ion exchanging a synthetic 

5 

10 

15 

20 

6 
mordenite with ammonia or a compound thereof and then 
calcining. 

6. The process of claim 1 in which the low sodium 
mordenite is prepared by contacting a synthetic mor 
denite with dilute acid. 

7. The process of claim 6 in which the dilute acid is 
3-6 NHC1. 

8. The process of claim 1 in which the non-destructive 
hydrogenation catalyst comprises nickel and tungsten. 

9. The process of claim 1 in which the entire effluent 
from the dewaxing zone is introduced into the non-de 
structive hydrogenation zone. 
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