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This invention relates to a method of manufacturing 
highly stable hydrocarbon oils of a quality equal to or 
better than the present best super-re?ned oils, and more 
particularly to a method of preparing such oils from sulfur 
containing oils that are normally unstable to light and 
heat by a two-stage hydrogenation process. 

There is in the pertoleum industry a class of specialty 
products having exceptionally rigorous quality standards, 
particularly as to color, odor and stability. Examples of 
such products are white oils, or light pertoleum oils of 
lubricating viscosity used for pharmaceutical purposes, 
pharmaceutical para?in waxes, petrolatums, i.e., oil-micro 
crystalline wax petroleum jellies and charcoal lighter ?uid. 
Not only are the color, odor and stability standards of 
these specialty products extremely high, but also they are 
unique among petroleum products in general in that these 
standards must be achieved without the use of inhibitors, 
since these latter materials might be injurious to health 
or safety. 
The specialty products referred to above, as well as 

other specialty oils that do not involve health or safety 
factors, have customarily been produced previously by 
drastic sulfuric acid treatment followed by clay ?ltration 
of suitable stocks, which, in turn, are obtained by frac 
tional distillation, solvent re?ning, or a combination of 
these. However, these vprior method are not entirely satis 
factory in that product yields are relatively low and in 
that they form relatively large quantities of dit?cultly 
disposable by-products, such as acid sludges, sulfonated 
oils, spent clay, etc. It has also been proposed to pre 
pare highly stable lubricating oils by hydrogenation in 
one or two stages. Such processes are advantageous in 
that they result in improved yields and minimum by 
products, bnt they have not been fully satisfactory to 
produce a wide range of products of the very highest 
quality. 

' The present invention relates to a process for manu 
facturing petroleum specialty products having very high 
quality standards as to color, odor and uninhibited sta 
bility, and having remarkable inhibitor response, to 
gether with unusually high product yields, While mini 
mizing by-product production. It has now been found 
that such products can be manufactured by a novel, two 
stage, catalytic hydrogenation procedure involving a ?rst 
stage hydrogenation of a sulfur»containing petroleum 
hydrocarbon charge stock with a sulfur-resistant hydro 
genation catalyst to produce an intermediate product of 
su?iciently low sulfur content that the activity of a sulfur 
sensitive second-stage catalyst with respect to removal of 
heteroatoms and aromatics will not be adversely affected, 
and then subjecting the intermediate product to a second 
stage catalytic hydrogenation with a highly active, sulfur 
sensitive, hydrogenation catalyst comprising reduced 
metallic nickel composited with a diatomaceous earth 
support. More particularly, in accordance with the process 
of this invention, a sulfur-containing hydrocarbon oil 
charge stock is subjected to a ?rst-stage hydrogenation by 
contact with hydrogen and a sulfur-insensitive hydrogena 
tion catalyst, at a temperature in the range of about 
600° to 825° F., preferably about 650° to 775° F., at a 
pressure in the range of about 750 to 5000 p.s.i.g. pref 
erably about 1000 to 3500 p.s.i.g. at a space velocity 
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in the range of about 0.1 to 5.0, preferably 0.5 to 3.0 
liquid volumes of oil per volume of catalyst per hour, 
While maintaining a hydrogenzoil ratio of 1000 to 20,000, 
preferably about 2000 to 10,000 standard cubic feet per 
barrel of oil, to form the aforesaid low-sulfur intermediate 
product. An example of a suitable sulfur-resistant catalyst 
is the oxide or sul?de of a nickel-tungsten hydrogena 
tion component composited with an alumina or silica 
alumina support, but other sulfur-resistant metals of the 
left-hand column of Group VI of the periodic system 
and of Group VIII of the periodic system and sulfur-re 
sistant sul?des and oxides thereof can be used, either in 
unsupported form or supported on carriers which may 
or may not themselves possess catalytic activity. The 
partly hydrogenated, low-sulfur, intermediate ?rst-stage 
product is then subjected to an exhaustive second-stage 
hydrogenation by contact with hydrogen and the highly 
active sulfur-sensitive reduced nickel on diatomaceous 
earth hydrogenation catalyst, at a temperature in the 
range of about 450° to 750° F., preferably about 525° to 
690° F., at a pressure in the range of about 750 to 5000 
p.s.i.g., preferably about 1000 to 3500 p.s.i.g., at a space 
velocity in the range of about 0.1 to 5.0, preferably about 
0.5 to 3.0 liquid volumes of oil per volume of catalyst 
per hour, while maintaining a hydrogenzoil ratio in the 
range of about 1000 to 20,000, preferably about 2000 to 
10,000 standard cubic feet per barrel of oil, to produce 
a highly stable product boiling in the same range as the 
aforesaid intermediate product and containing extremely 
small proportions of sulfur, nitrogen, oxygen and aro 
matics. I * i 

While the exact mechanism of the herein-disclosed 
process is not fully understood, it is thought that the proc 
ess may depend for its success upon its unique ability to 
remove to an exhaustive degree cyclic compounds, in 
cluding aromatic hydrocarbons as well as cyclic com 
pounds containing heteroatoms, that is, cyclic sulfur-, ni 
trogen- and oxygen-containing compounds, along with 
any ole?nic compounds, from the low-sulfur, ?rst-stage 
products. As a result, the oils treated in accordance with 
this invention are less susceptible to oxidation and are 
therefore more stable than oils from which the above 
indicated compounds have been removed less exhaustive 
ly. Although all hydrocarbons are subject to oxidation 
when exposed to suf?cient oxygen and su?iciently high 
temperatures, the aromatic hydrocarbons, other than 
some naphthalene and anthracene derivatives, are gen 
erally considered to be most readily oxidizable, possibly 
because of the activating in?uence of the ring structure 
and/or because of the sensitivity of the hydrogen atoms 
attached to the carbon atoms in side-chains adjacent the 
ring structure. In addition, most all petroleum oils con 
tain sulfur in at least a few tenths percent, which amount 
may correspond to several percent sulfur compounds in 
view of the high proportion of the hydrocarbon part of 
the molecule relative to sulfur. The sulfur content of hy 
drocarbon oils, at least of the heavier oils, is thought to 
be present in aromatic or naphthenic type compounds, 
where sulfur replaces carbon in the ring, as in thiophene 
type derivatives. Nitrogen, when present, is probably pres 
ent as complex derivatives of cyclic compounds such as 
pyridine and quinoline, just as oxygen is probably present 
at least in part in the form of complex derivatives of 
phenol and possibly naphthol, and/or complex oxy-aro 
matics, all of which resemble aromatic hydrocarbons in 
structure and behavior. It is hypothesized that the herein— 
disclosed process may function by virtue of the unique 
ability of the second-stage hydrogenation catalyst exhaus 
tively to remove aromatic hydrocarbons and oxygen-, 
sulfur- and nitrogen-‘heteroatoms from similarly behav 
ing compounds contained in the intermediate products of 
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the process, once the sulfur content of the ?rst-stage 
charge stock has been reduced in the ?rst stage of the 
process to the degree that they will not rapidly deactivate 
the catalyst sites that‘ are responsible for the exhausive 
aromatics hydrogenation and heteroatom-removing prop 
erties of the catalyst. 

' Any petroleum hydrocarbon fraction capable of yield 
ing a product of the desired boiling range following treat 
ent in both stages of the herein-disclosed process can be 

used as the charge stock to the ?rst stage of the process. 
When any reduction in viscosity obtained in the ?rst stage 
is insigni?cant, the charge to the ?rst stage can comprise 
an oil of the same boiling range as the ?nal product. 
Thus, when the desired ?nal product is a white oil or other 
oil in the lubricating range of viscosities, the charge to 
the ?rst stage can be a light or medium lubricating distil 
late, of which raw lubricating distillates having viscosities 
of about 100 SUS and 250 SUS at 100° F. are examples, 
respectively. Alternatively, the charge stock can be the 
ra?‘inate resulting from solvent treatment of a light or 
medium neutral distillate oil with a selective solvent such 
as furfural. When the ?nal product is to be charcoal 
lighter ?uid, the charge stock can advantageously com 
prise alkylate bottoms, that is, the material obtained from 
a sulfuric acid or hydrogen ?uoride alkylation process 
that boils above the gasoline range. A mixture of paraf 
?n slack wax, microcrystalline waxes and oil forms a 
suitable charge when the ?nal product is a petrolatum. 
Para?in wax obtained by solvent dewaxing of waxy lubri 
cating distillates is a suitable charge for producing phar 
maceutical waxes. When it is desired to have some crack 
ing take place in the ?rst stage, as in the production of 
high viscosity index oils by hydrotreating, the charge 
stock should be an oil that is heavier than the desired 
?nal product. Thus, heavy, unpressable distillate forms a 
suitable charge stock for the production of a highly stable 
lubricating oil product of medium viscosity. 
The charge stock to the second stage of the process 

can be the entire product obtained from the ?rst stage. 
However, the invention is not limited to this procedure, 
as the intermediate product can be subjected to further 
re?ning, for example, a topping operation or a solvent 
dewaxing treatment, prior to introduction into the second 
stage. Also, all or a portion of the intermediate product 
from the ?rst stage can be mixed with one or more oils 
obtained from an external source, prior to introduction 
into the second stage of the process. It is important for 
purposes of the present invention that the sulfur content 
of the second-stage product ‘be reduced to a sufficiently 
low level as not to affect adversely the heteroatom remov 
ing and aromatic hydrogenation activity of the second 
stage catalyst, which properties are responsible for the 
unique effectiveness of the second-stage catalyst to pro 
duce the super re?ned products described herein. The 
actual maximum quantity of sulfur that can be tolerated 
in the charge to the second stage will vary with the sulfur 
content of the hydrogen circulated in the second stage. 
In general, the sulfur content of the hydrogen and the oil, 
calculated as p.p.m. of oil, should not exceed about 10 
p.p.m. for each 1000 s.c.f. of hydrogen per barrel of oil. 
As previously indicated, a wide variety of hydrogena 

tion catalysts can be used in the ?rst stage of the process. 
Thus, there can be used sulfur-resistant metals of Group 
Via of the periodic system, metals of Group VIII of the 
periodic system, their oxides, sul?des, and mixtures of 
any of these that possess su?icient hydrogenating activity 
to remove most of the sulfur that is capable of rapidly 
deactivating the second-stage catalyst for purposes of ex 
haustive heteroatom removal and aromatics reduction. 
Naturally, the greater the hydrogenating activity of the 
?rst-stage catalyst, the better, since the ultimate goal of 
the process is exhaustive hydrogenation. An example of 
a preferred ?rst-stage catalyst is nickel-tungsten sul?de. 
Examples of other catalysts that can be used are nickel 
tungstate, tungsten sul?de, nickel sul?de, nickel oxide, 
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molybdenum sul?de, cobalt molybdate, nickel molybdate 
and mixtures thereof with cobalt molybdate. These cata 
lysts can be employed in unsupported form or they can 
be composited with porous carriers of high surface area, 
which may or may not themselves possess catalytic activity. 
Examples of such carriers are activated aluminas, silica 
gel, synthetic silica-alumina composites, synthetic silica 
magnesia composites, activated clays or the like. The hy 
drogenating component can constitute about 10 to 65 
percent of the composite catalysts. The ?nished catalysts 
can also contain combined ?uorine, preferably in amounts 
in the range of about 0.2 to 2.5 percent by weight. Al 
though many of the foregoing catalysts are excellent hy 
drogenation catalysts, as such, none has been found that 
is su?iciently effective alone to achieve the exhaustive 
hydrogenation obtained by the present invention, even 
when employed in successive stages, let alone in a single 
stage hydrogenation. Thus, a sul?ded nickel tungsten cata 
lyst which had been found to produce superior results 
for purposes of the ?rst-stage hydrogenation of the pres— 
ent invention, when tested for use as the second-stage 
catalyst, was found to be incapable of achieving a fully 
satisfactory level of heteroatom and aromatics removal, 
at least within the constraints of the equipment employed 
and practical space velocities. ‘ 
From what has been said, it will be appreciated that 

the nature of the catalyst for the second stage of the proc 
ess is very important. In this instance, only reduced nickel 
composited with a diatomaceous earth such as kieselguhr 
can be used. The nickel component can comprise about 
10 to 65 percent, preferably 25 to 50 percent, of the 
composite catalyst. The reduced nickel on diatomaceous 
earth catalysts disclosed herein apparently exhibit an 
unusual and unique ability to remove heteroatoms and 
aromatics to an exhaustive degree, provided the sulfur 
content of the stock has been previously reduced to a 
level that will not adversely affect the heteroatom- and 
aromatics-reducing properties of the catalyst. The unique 
effectiveness of the herein-disclosed second-stage catalysts 
with respect to feed stocks ‘of the class disclosed herein is 
shown by the fact that they have been found to be marked 
ly superior as compared to other hydrogenation catalysts, 
even catalysts as closely related thereto as other highly 
active nickel hydrogenation catalysts, such as Raney 
nickel. 
The above-indicated ?rst- and second-stage catalysts 

can be prepared in any suitable way. For example, they 
can be prepared by impregnation of the desired carrier 
with a water solution of one or more water soluble salts 
of the desired catalytic metals, drying and calcining. In 
the case of the reduced metal catalysts, the calcined cata 
lysts can be prereduced by contact with hydrogen at ele~ 
vated temperature and pressure. In the case of the sul?ded 
catalysts, the prereduced catalysts can be presul?ded with 
hydrogen sul?de, carbon disul?de, mercaptans, or sulfur 
containing oils. Alternatively, the calcined catalysts can 
be sul?ded directly in known manner. 
As previously indicated, hydrogenation is effected in 

the ?rst stage at temperatures in the range of about 600° 
to 825° F., at pressures in the range of about 1000 to 5000 
p.s.i.g., preferably about 2500 to 3500 p.s.i.g., at space 
velocities in the range of about 0.1 to 5.0, while main 
taining hydrogenzoil ratios in the range of about 1000 to 
20,000, preferably about 2000 to 10,000 standard cubic 
feet per barrel of oil. When it is desired that some crack 
ing of carbon-to-carbon bonds accompany hydrogenation 
in the ?rst stage, we employ temperatures in the upper'por 
tion of the indicated range, for example, 675°- to 775 ° 
F., together with space velocities in the lower portion of 
the range, for example, 0.5 to 1.5. Conversely, when little 
or no cracking is desired in the ?rst stage of the process, 
less severe conditions of temperature and space velocity, 
for example, 650° to 750° F. and 1.5 to 3.0 LHSV, can 
be used with good results. Unless otherwise indicated, 
pressures referred to herein are hydrogen partial pres 
sures. 
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In the second stage of the process, wherein no cracking, 
but only exhaustive hydrogenation, is desired, relatively 
low temperatures of the order of about 450° to 750° R, 
preferably about 525° to 690° F., can be used in conjunc 

6 
The catalyst in this stage was prereduced nickel deposited 
on a kieselguhr base, which catalyst contained 48 percent 
nickel. The catalyst in calcined form was prereduced at 
750° F. and under one atmosphere of hydrogen pressure 

tion with pressures, space velocities and hydrogenzoil ra- 5 for 4 hours while maintaining a gas space velocity of 490 
tios of the same order of magnitude as used in the ?rst volumes (at standard temperature and pressure) of gas 
stage. per volume of catalyst per hour. The crude petrolatum 
The products of the ?rst-stage hydrogenation are char— charge stock and the products obtained from both the 

acten'zed chie?y by a low sulfur content, usually not more ?rst and second stages were evaluated for initial color, 
than about 100 p.p.m. Depending upon the amount of 10 ultraviolet light absorptivity, iodine number, aniline 
cracking taking place in the ?rst stage, these products point, nitrogen, sulfur and oxygen content, ultraviolet 
may also exhibit somewhat higher API gravities and re- light stability and sunlight stability. Ultraviolet light ab 
dued viscosities. Typically, these products will also show sorptivity is an indication of unsaturation, in this case 
a marked reduction in oxygen and nitrogen content, as principally the kind of unsaturation present in aromatic 
compared with the charge stock. 15 ring structures, wherein the lower the ultraviolet light 
The products of the second-stage hydrogenation will absorptivity, the lower the aromatic content of the sam 

be characterized by extremely low sulfur content, for ex- ple. Iodine number is also indicative of aromatic con 
ample, less than 50 p.p.m., preferably less than 20 ppm, tent, with lower iodine numbers corresponding to lower 
extremely low oxygen content, for example less than 100 aromatic content. Aniline point is the temperature at 
p.p.m., preferably less than 50 p.p.m., and extremely low 20 which a measured sample of test material becomes fully 
nitrogen content, for example, less than 100 p.p.m., pref- soluble in a measured quantity of aniline. The higher the 
erably less than 50 ppm, and especially less than 30 aniline point, the lower is the aromatic content of the 
p.p.m. More importantly, these products will exhibit ex- sample. The ultraviolet light stability test measures the 
ceptionally low indicia of aromatics content, as measured stability of the sample in a fused quartz container on ex 
by iodine number, aniline point, or other equivalent indi- 25 posure to ultraviolet light radiation in a standard Ev 
cia. The products of the second-stage hydrogenation can eready C-3B carbon arc solarium unit. The stability of 
show a reduction in viscosity, and accordingly it may be the test sample is measured in this test, and also in the 
desirable to subject such products to a topping treatment, sunlight stability test, ‘by comparison of the color of the 
when the viscosity of the ?nal product is important, as in sample before and after exposure to light radiation by 
the case of lubricating oils. The products of the second 30 either or both of the ASTM D—1500 (ASTM color) test 
stage may also be subjected to additional further proc- and the ASTM D-156 (Saybolt color) test. On the AST M 
essing, for example, dewaxing, clay treatment, or the like, color scale colors may vary from L 0.5 (lighter than the 
if desired. 0.5 ASTM color standard) for the lightest color to 8.0 
The process of this invention can be more readily for the darkest color. On the Saybolt color scale, colors 

understood by reference to the following speci?c embodi- 35 vary from +30 (lightest) to —16 (darkest). The sun 
ments. light stability test was carried out by exposure of the test 

Example 1 sample to sunlight during 25 days of storage on a window 
In this example a crude undecolorized petrolamm was Slll, while the sample is in contact with the atmosphere. 

subjected to a two-stage hydrogenation process in accord- 40 The mspectlons on the charge Stock, the ?rstfstage 
ance with the present invention. The ?rst-stage hydrogena- Producf and the secondfsfage product are Set forth the 
?on was carried out at 650° F” 3000 p_s_i~g_ hydrogen following table. In addition, for purposes of comparison, 
pressure, and a liquid hourly space velocity of 1,5 while there are also set forth the inspections on a commercial 
maintaining a hydrogenzoil ratio of about 4000 standard ??lshed petfolatllnt Prepared from an equivalent charge 
cubic feet of hydrogen per barrel of oil. The catalyst em- stock by sulfuric acid treatment and clay ?ltering. 

TABLE I_ 

Crude First Second Acid Treated Finished, Acid 
Inspection Petrolatum Stage Stage First Stage Treated and 

Charge Product Product Product Clay Filtered 
Petrolatum 

Gravity: ° API _____________ __ 31. 5 1 32. 6 33. 5 .............. __ 31.9 

gislcosity, SUS 210° F _______ __ 51.3 51. 1 50. 2 ______________ __ 51, 2 

O (lri'sTM 13-1500 _______ L 3. 5 L 0. 5 L o. 5 1, L0 
ASTM D-l56 ______________ __, __________ __ +10 L+30 _14 

UV Absorptivity, D—2008_____ 0. 68 0. 55 0. 02 Q 03 
Iodine Number .... ._ 6. 9 2. 5 0. 4 6, 3 
Aniline Point, ° F. 241 245. 8 248. 1 243 
Total Nitrogen, p p 1.70 <30 <2 <30 
Sulfur, p.p.rn.___ 1, 200 40 <20 1, 300 
Oxygen, p.p.m_..____ 360 <50 <50 ______________________________ __ 
UV Light Stability, 8 hr.: 

Color before exposure: 
ASTM D—1500 ______________________ .. L 0. 5 
ASTM D-l56 _______________________ .- +4 

Color after exposure: 
ASTM D~1500 ______________________ __ L 2. 0 
ASTM D-156_._.- - 2 15 

Sunlight Stability, days _ 25 
Color before exposur 

ASTM D-1500- _ L 0. 5 
ASTM D—l56__ +4 

Color after exposure: 
ASTM 13-1500 ______________________ -_ L 1. 5 
ASTM D-156 _____________________________________ _. +28 .............................. ._ 

1 Average. 
2 Darker. 

ployed was presul?ded nickel tungsten on an alumina 70 
base, which catalyst contained 6 percent nickel and 19 
percent tungsten. The second stage of the process was 
carried out at 575° F., 3000 p.s.i.g. hydrogen pressure 
and space velocity of 0.5, while maintaining a pure hydro 

Examination of the results set forth in Table I indi 
cates a partial reduction in nitrogen and oxygen and a 
drastic reduction in sulfur content was obtained in the 
?rst-stage hydrogenation. In addition, the color of the 
?rst-stage product was improved and the aromatic con 

geruoil ratio of 5000 standard cubic feet per barrel of oil. 75 tent was reduced as indicated by the reduction in ultra 
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violet light absorptivity and iodine number and the in 
crease in aniline point. As will also be seen, the product 
of the second-stage treatment exhibited a still further 
color improvement and stability concurrently with a re 
duction in the product to negligible quantities of nitro 
gen, sulfur, oxygen and aromatics. Comparison of the 
product obtained by acid treating of the ?rst-stage prod 
uct demonstrates that a markedly more stable product 
is obtained by the exhaustive hydrogenation treatment of 
this invention, as compared with acid treatment. Com 
parison of the product obtained from the second-stage 
hydrogenation with the typical ?nished petrolatum ob 
tained by acid treatment and clay ?ltering shows that 
the product obtained by the two-stage hydrogenation 
process of this invention is markedly superior to the con 
ventional product from the standpoint of color, oxygen, 
sulfur and nitrogen content, aromatics content and stabil 
ity as measured by exposure to ultraviolet light radiation. 

Example 2 
In this embodiment, a lubricating oil fraction having 

a viscosity of approximately 70 Saybolt Universal Sec 
onds at 100° F. suitable for use as a white oil charge 
stock was subjected to two stage hydrogenation in ac 
cordance with the herein-disclosed invention. The ?rst 
stage of the process was carried out with the same cat 
alysts and at the same conditions employed in the ?rst 
stage of the process described in Example 1, except that 
in this instance the reaction temperature was 700° F. The 
second stage of the process was also carried out with 
the same catalyst and at the same operating conditions 
as the second stage of the process described in Example 
1, except in this instance the pure hydrogenzoil ratio was 
maintained at 4000 standard cubic feet per barrel of oil. 
The untreated charge stock and the products from the 
?rst and second stages were evaluated in the same man 
ner as the charge stock and products in Example 1. In 
addition, these materials were also evaluated in accord 
ance with ASTM test procedures for carbonizable sub 
stances, passage of which is used as an indication of 
suitability of the test material for pharmaceutical pur 
poses. For purposes of comparison, a v?nished treated 
white oil prepared by acid treatment and clay ?ltration 
of a charge stock equivalent to that employed in the pres 
ent example was also evaluated. The results of these eval 
uations are presented in the following table. 
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reduction in ultraviolet light absorptivity and iodine num 
ber and‘ an increase in the aniline point. This product was 
not fully satisfactory as such for-use as a white oil as 
evidenced by' failure of the carbonizable substances test 
and as evidenced by the initial color of the product as 
well as the color after exposure to ultraviolet light and 
sunlight. Comparison of the second-stage product with the 
product from the ?rst stage shows a marked improve 
ment in initial color and a~reduction to negligible pro 
portions of oxygen, sulfur, nitrogen and aromatics con 
tent. The quality of this product was signi?cantly better 
than the product'from the ?rst-stage hydrogenation as 
evidenced by passage of the carbonizable substances test, 
lighter initial color and greater stability to ultraviolet light 
and sunlight. Comparison of the second-stage product with 
the white oil by acid treating andclay ?ltration shows 
that the product obtained by two-stage hydrogenation is 
superior from the standpoint of lower sulfur, nitrogen andv 
aromatics content. 

Example 3 
' In this embodiment, the bottoms product boiling above 

400° F. obtained from distillation of the product obtained 
by sulfuric acid alkylation of ole?ns to form alkylate boil 
ing in the gasoline range is subjected to two-stage hydro 
genation in accordance with the herein-disclosed process 
using the conditions described in Example 1 except that 
in the second stage of the process a reaction temperature 
of 500° F., a space velocity of 3.0 and a'hydrogenzoil 
ratio of 2000 standard cubic feet per barrel of oil is used. 
The product of this process is suitable for use as a char 
coal lighter ?uid and the initial odor of the product is 
acceptable for this purpose. The stability of the product 
is demonstrated by storage for twelve weeks at a tempera 
ture of 130° F. after which time the odor is found to be 
unchanged. ' 

Example 4 

In this embodiment, a kerosene distillate is subjected to 
two-stage hydrogenation in accordance with the present, 
process using thecatalysts of Example 3. The operating 
conditions employed in the ?rst stage are 2100 p.s.i.g. hy 
drogen pressure, a liquid hourly space velocity of 3.0, 
a reaction temperature of 700° F., and a hydrogenzoil 
ratio of 4000 s.c.f./bbl. The operating conditions in the 
second stage are 3000 p.s.i.g. hydrogen pressure, a liquid 
hourly space velocity of 1.5, a reaction temperature of 

TABLE II 

First Stage Second Stage Acid Treated and 
Inspection Charge Stock White Oil White Oil Clay Filtered 

White Oil 

Gravity, ° API _____________________ -. 33. 3 1 35. 2 36.0 36. 4 
Viscosity, SUS 100° F_-._ ____ 71. 8 68. 6 65. 7 69. 6 
Color: 

ASTM D—1500 __________________ __ L 1.0 
ASTM D-l ‘16 +16 +30 ' L+30 

UV Absorptivity, ASTM D—2008___-_ 2. 37 0. 14 0. 02 0. 09 
Iodine Number _____________________ __ 8. 5 1. 9 0. 2 1. 2 
Aniline Point, ° F _____ __ 210.0 211 212 216. 7 
Total Nitrogen, p.p.m- <30 <30 <0. 2 <30 
Sulfur, p.p.m- -_ 500 40 <50 <500 ‘ 
Oxygen .p. _________ _. ____ 260 50 <50 ________________ __ 

carbonizable Substances 
— Passes Passes 

D-?12 ___________________________ ._ Fails Fails Passes Passes 
UV Light Stability 8 hr.: 

Color before exposure: 
ASTM D~1500 ______________ __ L 1. 0 L 0.5 __________________________________ __ 
ASTM D—15?____ -_-- —13 +14 L+30 L+30 

Color after exposure: 
ASTM D-1500 ______________ __ L 2. 0 L 1. 0 __________________________________ __ 
ASTM D-l 56 +20 +25 

Sunlight Stability: Days ______________________________ _- 25 25 ________ -_' ...... -_ 
Color before exposure: 

ASTM D-1500 ________________________________ ._ L 0. 5 
ASTM D-156_-__ +14 

Color after exposure: 
ASTM D-1500 ________________________________ __ L 1. 0 
ASTM D456 

1 Average. 

Examination of the results presented in the foregoing 
table for the product of the ?rst-stage hydrogenation 
shows a marked reduction in the sulfur content of the oil, 
a marked reduction in the oxygen content and a reduc 
tion in the aromatics content of the oil as evidenced by a 75 

500° Rand a hydrogenzoil ratio of'2000 s.c.f./bbl. The 
second-stage product is subjected to the Aviation Turbine 
Fuel Thermal Stability Test ASTM D-1660. Under the - 
procedure of this test the fuel is subjected to temperatures 
and conditions similar to those occurring in some aviation 
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turbine engines. Thus, fuel is pumped at predetermined 
rates through a preheater section which simulates the hot 
fuel line sections of the engine as typi?ed by an engine 
fuel-oil cooler. It then passes through a heated ?lter sec 
tion which represents the, nozzle area or small fuel pas 
sages in the hot section of the engine where fuel degrada 
tion products may become trapped. A precision sintered 
stainless steel ?lter in the heated ?lter section traps fuel 
degradation products formed during the test. The extent 
of the buildup is noted as an increased pressure drop 
across the ?lter, and, in combination with the deposit 
condition of the preheater, is used as an assessment of the 
thermal stability of the fuel. The preheater deposits are 
rated in accordance with the scale ranging from 0 for no 
deposits to 4 for'the heaviest deposits. After subjecting 
the second-stage product to the conditions of the test using 
a preheater temperature of 700° F. and a ?lter tempera 
ture of 800° F. for 5 hours, no pressure differential across 
the test ?lter is observed and the preheater deposits are 
given a rating of 2 which corresponds to a barely visible 
discoloration. 

Example 5 
In still another embodiment of the invention a trans 

former oil stock that had been subjected to a ?rst-stage 
‘hydrogenation in accordance with the present invention 
at 1000 p.s.i.g., 1.40 LHSV, at a temperature of 625° F., 
a hydrogenzoil ratio of about 2400 s.c.f./bbl., and using 
a presul?ded nickel-cobalt-molybdenum on alumina 
catalyst, was further subjected to a second-stage hydro 
genation at 575° F., at a pressure of 3000 p.s.i.g., at a 
space velocity of 0.5 in the presence of 4000' s.c.f. 
hydrogen per barrel of oil, using a prereduced, 48% nickel 
on kieselguhr catalyst. The product obtained from the 
?rst stage was compared with that portion (196.61%) of 
the product boiling above 554° F. for stability in accord 
ance with the ASTM D-l3l3 Sludge Test, and a standard 
transformer oil oxidation test, both in uninhibited form 
and after inhibition with 0.15% by weight of a com 
mercial antioxidant, 2,6-di-t-butyl-p-cresol. 
The results of these tests are indicated below: 

TABLE III 

First Pass Second Pass 

Unin- Inhibited Unin- Inhibited 
hibited hibited 

Sludge Test, D-1313: 
percent _____________ __ 0. l5 0. 05 0. 38 >0. 01 

Oxidation Test, 95° (3., 
time to Reach 15 
IFT: Hr ___________ -- <72 385 <72 >2, 500 

Comparison of the above indicated results shows a 
marked improvement in inhibitor response for the second 
stage product as compared with the ?rst-stage product. 
This is particularly remarkable in view of the fact that 
the unhibited sludging tendencies of the second-stage 
product were found to be greater than those of the un 
inhibited ?rst-stage product. 
The importance of the use of nickel on diatomaceous 

earth as the second-stage hydrogenation catalyst was 
demonstrated by hydrogenating with di?ferent catalysts 
duplicate samples of a medium neutral lubricating oil 
distillate that had been subjected to a ?rst-stage hydro 
genation in accordance with the herein-disclosed process. 
Both samples were hydrogenated under identical condi 
tions of 3000 p.s.i.g. hydrogen pressure and 650° F., for 
identical periods of four hours, at maximum reaction 
pressure. In one instance the second-stage catalyst de 
scribed in Examples 1 to 4 was utilized in a proportion 
su?icient to provide 2.0 parts by weight of reduced nickel 
or 1000 parts by volume of feed stock. In the other in 
stance metallic nickel in the form of Raney nickel was 
used in the same proportion as the hydrogenation catalyst. 
The products obtained from the hydrogenation of each 
of the samples were evaluated for aromatics content, 
ultraviolet light stability and heat stability. The heat 
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10 
stability evaluation was carried out by determining the 
time required for an oil sample maintained at 240° F. and 
in contact with a copper strip to increase its ASTM color 
by one and two numbers. The results of these tests were 
as set forth in the following table. 

TABLE IV 

Nickel on Raney 
Kieselguhr, Nickel, 

Description Second Second 
Stage Stage 

Catalyst Catalyst 

Inspection: 
Gravity, ° API _______________________ __ 32.0 31. 5 
Aniline Point, ° F 238. 3 236 
UV Absorptivity- <0. 01 0. 01 
Iodine Number ________ __ 0.71 1. 7 
UV Light Stability, 48 h 

Color before exposure, D 1500 _____ __ L 0. 5 L 0. 5 
Color after exposure, D 1500 ______ __ L 0. 5 L 1.0 

Heat Stability, 240° F. Cu. Strip: 
Hrs. to 1 color increase ____________ __ 336 192 
Hrs. to 3 color increase ____________ __ 480+ 480+ 

Comparison of the results set forth in the preceding 
table shows a marked superiority for the products ob 
tained from second-stage hydrogenation with nickel on 
kieselguhr as compared with products obtained with the 
same charge stock under the same second-stage condi 
tions using Raney nickel as the catalyst. Thus, the prod 
ucts obtained from the nickel on kieselguhr hydrogena 
tion were found to have a lower aromatics content as 
evidenced by the higher aniline point, lower ultraviolet 
light absorptivity and lower iodine number and as 
evidenced by the superior stability of such products on 
exposure to ultraviolet light and heat. 
The unique coaction of the herein-disclosed reduced 

nickel on kieselguhr second-stage catalyst with the ?rst 
stage hydrogenated product has been further shown by 
comparison of the products obtained by subjecting a 
Texas lubricating distillate having a viscosity of about 
3200 SUS at 100° F. to a ?rst-stage hydrogenation at 
728° F., 1000 p.s.i.g., an LHSV of 1.5, while maintaining 
a hydrogemoil ratio of 4000 s.c.f. per barrel, in the 
presence of a presul?ded 25% nickel tungsten on alumina 
catalyst, and then subjecting duplicate portions of the 
?rst-stage reactor e?luent to separate, second-stage hydro 
genations at 575° R, an LHSV of 1.5, 1000 p.s.i.g., while 
maintaining a hydrogenzoil ratio of 4000 s.c.f./bbl., in 

' the presence of the ?rst-stage catalyst on the one hand, 
and in the presence of the prereduced 48% nickel on 
kieselguhr second-stage catalyst on the other hand. The 
second-stage products boiling above 700° F. were com 
pared for color, nitrogen content, aromatics content, 
iodine number and viscosity index. The results of these 
tests are shown in the table below. 

TABLE V 

_ Ni W Sec- N i-Kiesel 
Inspections First Stage and Stage guhr Second 

Product Product Stage 
Product 

Color, ASTM D-1500 _______ __ 3. 5 1. 5- 1. 0 
Nitrogen: 

Total, p p m __________________________ -_ 180 100 
Basic, p p m...“ 65 44 

Aromatics, percent 31. 6 18. 4 
Iodine No _______ _- 7. 5 5. 7 
Viscosity Index“. 44 47 

From the foregoing results it will be seen that the nickel 
on kieselguhr second-stage catalyst disclosed herein is 
uniquely selective for low-sulfur hydrogenated oils, in 
that this catalyst produced an oil that was markedly 
superior from the standpoint of color, nitrogen content, 
aromatics content and viscosity index. 
The speci?c examples set forth herein are illustrative 

only and it will be appreciated that similar results can 
be obtained by the use of other ?rst~stage hydrogenation 
catalysts, e.g., nickel-molybdenum sul?de, sul?ded cobalt 
molybdate, and sul?ded nickel-cobalt molybdate on 
alumina, silica gel, or silicia-alumina, and by sul?ded 
nickel-tungsten on silica-alumina, by the use of other 
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feed stocks disclosed herein, e.g., kerosene and para?in 
wax, and by the use of other ?rst- and second-stage re 
action conditions. dt will also be understood that the 
products of the ?rst and second stages may be sub 
jected to further re?ning treatment, as by topping, acid 
treating, clay ?ltration, or the like. 
We claim: ' 

1. A process comprising contacting a sulfur-contain 
ing petroleum fraction that is normally unstable to heat 
and light and that is selected from the group consist 
ing of an alkylate fraction boiling above the gasoline 
range ‘and straight run fractions consisting of lubricat 
ing oil distillate, transformer oil stock, white oil stock 
and petrolatum in a first stage with hydrogen and a 
sulfur-resistant hydrogenation catalyst at hydrogenation 
conditions to produce a partly hydrogenated product the 
sulfur content of which is su?iciently small that it will 
not adversely affect the activity for removal of hetero 
atoms and aromatics of a second hydrogenation catalyst 
referred to hereinafter, thereafter contacting the partly 
hydrogenated product in a second stage with hydrogen 
and said second hydrogenation catalyst consisting 
essentially of reduced metallic nickel composited with 
a diatomaceous earth, at hydrogenation conditions, in 
cluding a pressure of at least 2500 p.s.i.g., so selected 
as to produce a product characterized by improved 
stability, an extremely small heteroatom content and an 
iodine number of not greater than 0.71. 

2. A process comprising contacting a sulfur-contain 
ing petroleum fraction that is normally unstable to heat 
and light and that is selected from the group consist 
ing of an alkylate fraction boiling above the gasoline 
range and straight run fractions consisting of lubricat 
ing oil distillate, transformer oil stock, white oil stock 
and petrolatum in a ?rst stage with hydrogen and a 
sulfur resistant hydrogenation catalyst comprising at 
least one hydrogenation component selected from the 
group consisting of metals of Group VIa and Group VIII 
of the Periodic System, ‘and oxides land sul?des thereof, 
at a temperature in the range of about 600° to 825° 
F., at a pressure in the range of about 750 to 5000 
p.s.i.g., and at a space velocity in the range of about 
0.1 to 5.0 liquid volumes of charge stock per volume 
of catalyst per hour, while maintaining a hydro 
gen:charge stock ratio in the range of about 1000 to 
20,000 s.c.f./bbl., to produce a partly hydrogenated 
product the sulfur content of which is sufficiently small 
that it will not adversely affect the activity for removal 
of heteroatoms vand aromatics of a second hydrogenation 
catalyst referred to hereinafter and such that the total 
sulfur content of the combined charge stock and hydro 
gen feed to a second hydrogenation stage referred to 
hereinafter, calculated as p.p.m. sulfur in the charge 
stock, will be not more than about 10 p.p.m. for each 
1000 s.c.f. of hydrogen per barrel of charge stock, there 
after contacting the partly hydrogenated oil product in 
said second ‘stage with hydrogen and said second hy 
drogenation catalyst consisting essentially of reduced 
metallic nickel composited with a diatomaceous earth, 
at a temperature in the range of about 450° to 750° 
F., at a pressure in the range of 2500 to 5000 p.s.i.g., 
at a space velocity in the range of ‘about 0.1 to 5.0 
liquid volumes of charge stock per volume of catalyst 
per hour, while maintaining a hydrogen:charge stock 
ratio of about 1000 to 20,000 s.c.f./'b'bL, the combina 
tion of conditions being selected to produce a product 
characterized by improved stability, an extremely small 
heteroatom content and an iodine number of not greater 
than 0.71. 

3. The process of claim 2 wherein the charge stock 
to the ?rst hydrogenation stage is a lubricating oil 
distill-ate. _ 

4. The process of claim 2 wherein the charge stock to 
the ‘?rst hydrogenation stage is a transformer oil stock. 

5. The process of claim 2 wherein the charge stock to 
the ?rst hydrogenation stage is a white oil stock. 
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6. The process of claim 2 wherein the charge stock 

to the ?rst hydrogenation stage is a petrolatum. ' 
7. The process of claim 2 wherein the charge stock 

to the ?rst hydrogenation stage is an alkylate fraction 
boiling above the gasoline range. 

8. A process contacting a sulfur-containing petroleum 
fraction that is normally unstable to heat and light and 
that is selected from the group consisting of an alkylate 
fraction ‘boiling above the gasoline range and straight 
run fractions consisting of lubricating oil distillate, 
transformer oil stock, white oil stock and petrolatum 
in a ?rst stage with hydrogen and a sulfur-resistant 
hydrogenation catalyst comprising at least one hydro 
genation component selected from the group consisting 
of metals of Group V141 and ‘Group VIII of the Periodic 
System, and oxides and sul?des thereof at a temperature 
in the range of about 650° to 775° F., at a pressure in 
the range of about 1000 to 3500 p.s.i.g., and ‘a space 
velocity in the range of about 0.5 to 3.0 liquid volumes 
of charge stock per volume of catalyst per hour, While 
maintaining a hydrogen:charge stock ratio in the range 
of about 2000 to 10,000 s.c.f./'bbL, to produce a part 
ly hydrogenated product the sulfur content of which 
is such that the total sulfur content of the combined 
charge stock and hydrogen feed to a second hydrogena 
tion stage referred to hereinafter, calculated as p.p.m. 
sulfur in the charge, will not be more than about 10 
p.p.m. for each 1000 s.c.f. of hydrogen per barrel of 
charge stock, thereafter contacting the partly hydro 
genated oil product in said second stage with hydrogen 
and a second hydrogenation catalyst consisting essential 
ly of reduced metallic nickel composited with a di 
atomaceous earth, at a temperature in the range of about 
525° to 690° v13., at a pressure in the range of 2500 to 
3500 p.s.i.g., at a space velocity in the range of about 
0.5 to 3.0 liquid volumes of charge stock per volume 
of catalyst per hour, while maintaining a hydrogen:charge 
stock ratio of about 2000 to 10,000 s.c.f./bbL, the com 
bination of conditions ‘being selected to produce a prod 
uct characterized by improved stability, an extremely 
small heteroatom content and an iodine number of not 
greater than 0.71. 

9. A process comprising contacting a sulfur-contain 
ing petroleum fraction that is normally unstable to heat 
and light and that is selected from the group consist 
ing of .an alkylate fraction boiling above the gasoline 
range and straight run fractions consisting of lubricat 
ing oil distillate, transformer oil stock, White oil stock 
and petrolatum in a ?rst stage with hydrogen and a 
sulfur-resistant hydrogenation catalyst containing a sul 
?ded combination of nickel and tungsten as the hydro 
genating component composited with an alumina sup 
port, at a temperature in the range of about 650° to 
775° F., at a pressure in the range of about 1000 to 
3500 p.s.i.g., and a space velocity in the range of about 
0.5 to 3.0 liquidvolumes of charge stock per volume 
of catalyst per hour, while maintaining a hydrogen:charge 
stock ratio in the range of about 2000 to 10,000 s.c.f./bbl., 
to produce a partly hydrogenated product the sulfur 
content of which is such that‘ the total sulfur content 
of the combined charge stock and hydrogen feed to 
a second hydrogenation stage referred to hereinafter, 
calculated as p.p.m. sulfur in the charge, will not be 
more than about 10 p.p.m. for each 100 s.c.f. of hy 
drogen per 'barrel of charge stock, thereafter contact 
ing the partly hydrogenated oil product in a seocnd stage 
with hydrogen and a second hydrogenation catalyst con 
sisting essentially of reduced metallic nickel composited 
with kieselguhr, at a temperature in the range of 2500 
to 3500 p.s.i.g., at a space velocity in the range of about 
0.5 to 3.0 liquid volumes of charge stock per volume of 
catalyst per hour, while maintaining a hydrogen:charge 
stock ratio of about 2000 to 10,000 s.c.f./bbL, the com 
bination of conditions being selected to produce a prod 
uct characterized ‘by improved stability, a sulfur content 
of less than 20 p.p.m., a nitrogen content of less than 
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5O p.p.m., an oxygen content of less than 50 p.p.m. 
and an iodine number of not greater than 0.71. 

10. The process of claim 9 where the charge stock 
to the ?rst ‘hydrogenation stage is a lubricating oil 
distillate. 

11. The process of claim 9 where the charge stock 
to the ?rst hydrogenation stage is a transformer oil stock. 

12. The process of claim 9 where the charge stock 
to the ?rst hydrogenation stage is a white oil stock. 

13. The process of claim 9 where the charge stock 
to the ?rst hydrogenation stage is petrolatum. 

14. The process of claim 9 where the charge stock 
to the ?rst hydrogenation stage is an alkylate fraction 
boiling above the gasoline range. 
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