
EP 0239 310 B1 Description BACKGROUND AND SUMMARY OF THE INVENTION 5 The
present invention is directed at a hydrotreating process for lube oils.
More specifically the present invention is directed at an Improved
two-stage hydrotreating process for producing process oils from naphthenic
feeds utilizing standard hydrotreating catalysts and equipment.
Naphthenic-rich feeds normally have lower wax contents, lower pour points,
lower Viscosity Indices 10   and higher ring contents than paraffinic-rich
feeds. These properties make it desirable to utilize naph- thenic-rich oils
as process oil. Naphthenic feeds, which often are utilized in the
manufacture of process oils, frequently contain color bodies and
undesirable impurities such as sulfur and basic nitrogen (heteroatom)
compounds. The concentration of these compounds must be substantially
reduced to meet product specifications. In addi- 15   tion, polynuclear
aromatic compounds (PNA) also are present in naphthenic feeds. The
concentration of these compounds also must be substantially reduced. The
most common method for reducing the concen- tration of these compounds In
lube oils is by contacting the feed with hydrogen in the presence of
select- ed catalysts at elevated temperature and pressure. Currently,
naphthenic process oils are produced by a variety of process schemes
including distilla- 20  tion only, distillation followed by mild acid
treating and clay percolation or contacting, distil lation followed by mild
or severe extraction, mild or severe hydrotreating or combinations thereof.
The milder process- ing conditions may produce process oils that are
deficient in product composition and/or field perform- ance. Typical
measures of product composition are sulfur, basic nitrogen, polars,
aromatics, neutraliza- tion number, ultraviolet levels of dimethyl
sulfoxide extracts and the aniline point. Important product 25
characteristics include compatibility with elastomers and solubility with a
range of additives. It has been found that both the crude source and the
processing severity affect these properties. Severe process- ing can
drastically reduce product yields to uneconomic levels. The severity of the
operating conditions also typically involves an economic balance of
equipment availability and cost, yield and desired proper- ties. 30
Several publications disclose two stage hydrodesulfurization with
intermediate product removal. Jap- anese patent publication no. 71-003267
discloses the production of a highly viscous lubricating oil by passing the
oil over a hydrotreating catalyst at [err], removing hydrogen sulfide,
ammonia and hy- drogen followed by passing the product from the first stage
through a second stage maintained at a tem- perature of [err]. This patent
discloses the use of a two stage hydrotreating system operated 35   over
different temperature ranges with intermediate removal of hydrogen sulfide,
ammonia and hydro- gen. The process was utilized to produce a combination
of gasoline, middle distillate and only a minor amount of lubricant
basestock. US-A 3 884 797 discloses a two stage process for pretreatment of
naphtha feedstocks prior to re- forming to produce gasoline. The first
stage comprises a hydrotreating zone operated at [err] 40    [err] and at a
(gauge) pressure of 300-3,000 psig (2.069 to 20.685 MPa). The second stage
comprises a hydrosorption zone operated at a temperature of 575-800F [err]
and a pres- sure of 100-800 psig (0.689 to 5.516 MPa). The product from the
hydrosorber is passed directly to a re- forming zone operated at a
temperature ranging between about 750F ([err] and [err] preferably between
about [err]   and [err]  . This process is not especially applica- 45   ble
to the production of lube basestocks, since, at these conditions
significant quantities of the lube feeds would be converted to coke and
gas. East German patent no. 59 354 discloses a two stage hydrotreating
process in which the first stage hydrotreating is conducted at [err] at a
pressure of 150-300 atmospheres. After the gaseous products are separated,
the second stage hydrotreating is conducted at [err] and a pressure of 50
up to about 300 atmospheres. The catalyst in both stages was an oxide or
sulfide of Group VI or Group VIII. The use of such a process would not be
desirable because of the relatively high pressures utilized. At these
pressures, excessive hydrogenation would result in saturate levels and
aniline points too high for process oils. US-A 3 349 027 also discloses the
use of a multi-stage hydrodesulfurization process using typical 55
catalysts with intermediate gas removel. Suitable operating ranges for both
stages include the following: temperature [err]  ; (gauge) pressure 400-700
psig (2.759-4.827 MPa); and hy- drogen 200-4,000 SCF/B (35.62-7123.5 liters
Hz/liter oil). This patend does not address the removal of PNA's or
maintaining the saturates below predetermined levels. Other patents
disclose two stage hydrotreating processes in which the second stage is
operated at a 60  lower pressure than the first stage. For example, GB-B 1
476 428 discloses a process for the manufac- ture of white oils, a class of
oils having a very low aromatic content The first stage is operated at a
tem- perature of [err], a hydrogen partial pressure of 10-250 bar (140-3600
psig) (0.965-24.822 MPa), a space velocity of 0.1-5 kg feed per liter of
catalyst per hour and a hydrogen/feet ratio of 100- 5,000 N1 of hydrogen
per kg of feed (500-25,000 SCF/B). The second stage treatment may be
conduct- 65   ed at a temperature of 175-325C with the ranges of the
hydrogen partial pressure, space velocity and 



2    EP0239310B1 hydrogen/feed ratio being similar to those for the first
stage. The catalyst for the first stage comprises suffided nickel and/or
cobalt and molybdenum or nickel and tungsten. The second stage catalyst may
be either the same catalyst used in the first stage or noble metal
catalysts. The use of such a method for the production of a process oil
would not be desirable, since the method would be relatively costly and
would 5   result in an almost completely saturated oil. US-A 3 928 168
discloses processes for the manufacture of hydrorefined oils under mild
(below 800 psig (5.516 MPa) hydrogen) and severe (above 800 psig or 5.516
MPa) hydrotreating conditions to re- duce sulfur and nitrogen contents.
This patent specification discloses at column 9 that mild hydrotreating
frequently does not significantly alter the polycyclic aromatic content of
the oil. 10     East German patent no. 56 885 discloses a two stage
hydrotreating process for the production of re- former feeds, diesel oils,
household heating fuels and turbine fuels. Conventional hydrotreating cata-
lysts such as cobalt molybdate/alumina, nickel molybdate/alumina or nickel
sulfide/tungsten sulfide typi- cally are used for the first and second
stages. The first stage is conducted at temperatures of 300- [err], a
liquid hourly space velocity (LHSV) of 1-10, the hydrogen feed ratio is
100-1,001:1 with a typical 15  first stage pressure being 40 atmospheres.
The second stage conditions may be as follows: temperature [err], LHSV
0.5-15, and hydrogen/feed 100-1,000:1. Atypical pressure also is 40
atmospheres. US-A 3 022 245 discloses a two stage hydrotreating process for
the production of high quality wax to reduce color and odor. The
temperature in the second stage is maintained lower than the temperature in
the first stage. The temperature in the first stage typically is maintained
between 500 and [err] (260 and 20    [err]), with the temperature in the
second stage maintained at least [err]   lower than the first stage.
Pressure in both stages may range between 400 and 1,000 psig (2.758 and
6.895 MPa). The hydrogen treat rate is 200-750 SCF/B (35.6-133.6 liters
Hz/literoil). The feed rates to the first and sec- ond stages are 3-5
v/v/hr, and 1-2 v/v/hr, respectively. US-A 3 208 931 discloses a two stage
process for refining petroleum utilizing conventional hydro- 25  treating
catalysts. The patent discloses an example in which the first stage
temperature was [err] [err] and the second stage temperature was 600F [err]
. The (gauge) pressure was maintained at 1,000 psig (6.895 MPa) in both
stages. Space rates In the first and second stages were 0.3 v/v/hr and 0.49
v/v/hr, respectively, while the gas rates were 2,000 SCF/B (356.2 liter
Hz/liter oil) and 8,500 SCF/B (1,514.7 liter Hz/liter oil), respectively.
30     Other patents which disclose two stage hydrotreating processes
include US-A 2 771 401; 3 072 564; 3 089 841; 3 155 608; 3 717 501; 3 208
931; GB-B 1 546 504; and FR-A 2 073 228. While it is desirable to
hydrogenate polynuclear aromatics, it is desirable to retain monoaromatic
ring compounds, since these mono-aromatic compounds promote improved
solubility in the final oil product. To minimize the capital and operating
costs of the system, it also is desirable to operate at relatively low 35
pressures and at relatively high throughputs while simultaneously obtaining
a high overall product yield. Therefore, the operating conditions which are
selected frequently must produce a trade-off in one or more of these
properties. Acordingly, it is desirable to provide a process which is
capable of producing a process oil having a relatively large mononuclear
aromatics content while having sufficiently reduced polynuclear aromatics,
40  sulfur and nitrogen contents. It also is desirable to provide a process
which is capable of producing a process oil at relatively high yields. It
also is desirable to provide, at moderate pressure, a process which is
capable of being utilized in ex- isting hydrotreating equipment. 45    It
also is desirable to provide a process which can be utilized at relatively
high throughput rates and at relatively low operating temperatures and
pressures. The present invention is direct at a method for producing a
process oil having reduced sulfur, basic nitrogen, and polynuclear
aromatics content from a naphthenic feed at relatively high through-put
rates while only moderately decreasing the unsaturates content. 50     The
present invention is directed at passing the feed sequentially through a
first hydrotreating zone, an intermediate stripping zone and a second
hydrotreating zone. The temperature in the second hydro- treating zone is
maintained lower than the first hydrotreating zone temperature. The
saturates and/or un- saturates content of the product exiting the second
hydrotreating zone is monitored. The temperature in the second stage is
adjusted and/or the catalyst is regenerated and/or replaced to keep the
saturates 55   content and/or the polynuclear aromatics content below
predetermined limits. SUMMARY OF THE INVENTION A method for producing a
process oil having reduced sulfur, nitrogen, and polynuclear aromatics con-
60  tents from a naphthenic feed containing same and having an atmospheric
boiling range of about 650 to about 1200F (343 to about [err]), said
process comprising: 



A. passing the naphthenic feed into a first hydrotreating stage maintained
at a temperature of from 600 to 750F (315.6 to [err]), and a hydrogen
partial (gauge) pressure of from 400 to 1,500 psig (2.758 to 10.342 MPa) to
convert at least a portion of the sulfur to hydrogen sulfide and the
nitrogen to 65   ammonia; 3    EP 0 239 310 B1 B. passing the hydrotreated
feed from the first hydrotreating stage into an intermediate stripping
stage wherein hydrogen sulfide and ammonia are removed; C. passing the
hydrotreated feed from the intermediate stage into a second hydrotreating
stage main- tained at a temperature lower than that of the first stage and
at a (gauge) hydrogen partial pressure 5   ranging between 400 and about
1,500 psig (2.758 and about 10.342 MPa, respectively); D. monitoring the
polynuclear aromatics content and/or the degree of saturation of the
product exiting the second hydrotreating stage; and, E. adjusting the
temperature in the second hydrotreating stage to keep the polynuclear
aromatics and/or the degree of saturation below a predetermined level. 10
The present invention also is directed at a method for producing a process
oil having reduced sulfur, nitrogen, and polynuclear aromatics content from
a naphthenic feed containing same and having an at- mospheric boiling range
of about 650 to about [err] (about 343.3 to about [err]) comprising: 15
A. passing the naphthenic feed into a first hydrotreating stage having
hydrotreating catalyst therein, said stage maintained at a temperature of
from 600 to 750F (315.6 to [err]), and a (gauge) hydrogen partial pressure
of from 400 to 1,500 psig (2.758 to 10.342 MPa) to convert at least a
portion of the sul- fur to hydrogen sulfide, the nitrogen to ammonia and to
reduce the polynuclear aromatics content; B. passing the hydrotreated feed
from the first hydrotreating stage into an intermediate stripping 20
stage wherein hydrogen sulfide and ammonia are removed; C. passing the
hydrotreated feed from the intermediate stage into a second hydrotreating
stage hav- ing hydrotreating catalyst therein, said second hydrotreating
stage maintained at a temperature lower than that of the first
hydrotreating stage and at a hydrogen (gauge) partial pressure ranging
between about 400 and about 1,500 psig (about 2.758 MPa and about 10.342
MPa); 25     D. monitoring the polynuclear aromatics content and/or the
degree of saturation of the product exiting the second hydrotreating stage;
and, E. regenerating and/or replacing hydrotreating catalyst when the
polynuclear aromatics content and/or the degree of saturation of the
product exiting the second hydrotreating stage exceeds a prede- termined
value. 30 The temperature of the first hydrotreating stage preferably is
maintained within the range of from 630 to [err] (332.2 to [err]), more
preferably within the range of from 650 to [err] (343.3 to 371.1C). The
temperature of the second hydrotreating stage preferably is maintained
within the range of from 550 to [err] (287 to [err]), more preferably
within the range of from 570 to [err] (298.9 to 315.600). In the 35
intermediate stripping stage hydrogen sulfide and/or ammonia is removed
from the hydrotreated material exiting from the first stage by contacting
said material with a stripping agent selected from the group con- sisting
of steam, inert gas, and mixtures thereof. A particularly preferred
stripping agent is steam. The catalysts utilized in both the first and
second hydrotreating stages may be conventional hydrotreating catalysts,
with nickel-molybdenum and cobalt-molybdenum being particularly preferred.
The process oil 40   produced by the above-noted process preferably has a
maximum saturate content of about 80 wt.%, more preferably a maximum
saturates content of about 75 wt.%. However, with extremely naphthenic
crudes, i.e. crudes having a viscosity gravity constant of 0.82 or greater
on the saturates fraction, a higher maximum saturates content could be
utilized. The polynuclear aromatics content of the finished process oil
preferably is maintained below about 100 45   ppm. The polynuclear
aromatics content of the process oil typically is reduced to no more than
about 1/3 and preferably to less than 1/3 of the PNA content of the
naphthenic feed. The aromatics content of the finished process oil
preferably is reduced by less than 8 wt.% by the subject process. The
(gauge) hy- drogen partial pressure preferably is within the range of 400
to 1500 psig (2.758 to 10.342 MPa), more preferably within the range of 550
to 800 psig (3.793 to 5.516 MPa). so     The overall liquid hourly space
velocity preferably ranges between about 0.1 and about 4.0, more preferably
within the range of about 0.25 and 2.0. The hydrogen treat typically ranges
between 350 and 3,000 SCF/B (62.3 to 534.3 liters Hz/liter oil), more
typically within the range of from 450 to 1,500 SCF/B (80.14 to 267.13
liters Hz/liter oil). 55   DETAILED DESCRIPTION OF THE INVENTION The feed
utilized in the present invention typically will comprise a naphthenic-rich
feed from a distilla- tion process, although other feeds such as mildly
solvent extracted, extracted or solvent dewaxed par- 



affinic feedstocks also have been and may be utilized. The multi-stage
hydrotreating process with inter- 60   mediate product removal discussed
below comprises a first stage hydrotreating process, an intermedi- ate
product removal stage and a second hydrotreating stage following the
intermediate product removal stage. However, it is within the contemplation
of the present invention that additional stages could be uti- lized for
either hydrotreating and/or product removal. The first hydrotreating stage
comprises a pressure vessel having a hydrotreating catalyst therein. 65
Hydrotreating catalysts are well-known in the art. Such catalysts include
nickel-molybdenum, cobalt-mo- 4    EP0239310B1 lybdenum, nickel-tungsten,
trimetallic nickel, cobalt, molybdenum and mixtures thereof. The first
hydro- treating stage is maintained at a temperature ranging between above
600F [err] and about [err] [err], preferably within the range of about
[err]  and about [err]  , and more preferably within the range of about
[err]   and about 700F [err]. Utilizing higher temper- 5   atures may
adversely affect the overall yield of product and may even result in the
production of PNA's, while the use of temperatures below those set forth
herein above may result in unacceptably slow hydrotreating rates and/or
poorer product quality. The liquid hourly space velocity (LHSV) prefera-
bly ranges between about 0.1 and about 4.0, more preferably within the
range of about 0.25 and about 2.0. The overall yield of process oil
preferably is maintained within the range of about 85 to about 100 10
wt.% of the entering feed, preferably within the range of about 90 to about
96 wt.%. The hydrogen partial (gauge) pressure in the first hydrotreating
stage may range between about 400 and about 1,500 psig about 2.758 and
about 10.342 MPa), preferably between about 550 and about 800 psig (about
3.792 and 5.516 MPa). The hydrogen treat rate preferably ranges between
about 350 and about 3,000 SCF/B (about 97.95 and about 534.26 liter
[err]/liter oil), more preferably within the range of about 450 and about
15   1,500 SCF/B (about 80.14 and about 267.13 liter [err]/liter oil). The
conditions in the second stage may be similar to those in the first stage
with the exception of the temperature. At equal pressures, the temperature
in the second hydrotreating stage should be lower than that of the first
hydrotreating stage and preferably should be maintained within the range of
about 400 and about 680F (about 204.4 and about [err]), more preferably
within the range of about 575 and 20   about 600F (about 301.7 and about
[err]). While the other parameters, i.e. catalysts, LHSV, hydro- gen treat
and pressure may be similar to those of the first hydrotreating stage, it
has been found that the temperature in the second hydrotreating stage may
be optimized for the feed, pressure, rate and gas treat rate used to
provide a desirable balance of total saturation with partial saturation of
polynuclear aromatics. 25     The catalyst used is not critical. However
use of catalyst having excessively high acitvity may result in an
undesirably high incrase in the total saturates level of the final product.
Among the most preferred catalysts are nickel-molybdenum sulfides,
cobalt-molybdenum sulfides, cobalt-molybdenum-nickel sulfides, and
nickel-tungsten sulfides. The particular pressure utilized preferably is a
function of several factors including pressure rating 30   of the
equipment, available hydrogen pressure, desired throughput rates, desired
degree of saturation, catalyst utilized and feedstock being treated. An
essential step in the present invention is the intermediate removal of
hydrogen sulfide and/or am- monia between the first and second
hydrotreating stages. These compounds may be removed from the hydrotreated
feed exiting the first stage by passing the hydrotreated feed through a
contacting vessel 35   having a solvent or absorbent medium that is
selectively miscible and/or reactive with the hydrogen sulfide and/or
ammonia present. One method for removing the sulfur and/or ammonia is by
passing the hydrotreated feed through a stripping vessel having steam,
[err] or an inert gas, such as nitrogen, or mixtures thereof present. A
particularly preferred stripping agent is saturated steam. The use of steam
to strip hydrogen sulfide and/or ammonia from process oil is well known in
the art. The pressure in the in- 40  termediate stripping zone can be
maintained over a wide range depending in part or repressurization
economics and desired degree of sulfur removal. Utilization of the present
invention permits the production of a process oil having reduced sulfur,
ni- trogen and PNA contents at acceptable saturation levels. The degree of
saturation typically is deter- mined by the rise in the aniline point
utilizing the test procedure described in ASTM test D-611, the disclo- 45
sure of which incorporated herein by reference. Since the solubility of the
process oil is somewhat in- versely related to the degree of saturation, a
rise in the aniline point generally indicates that the solubility
properties of the oil have been reduced. One method for determining the PNA
level in the product is by extracting the process oil with a solvent such
as dimethyl sulfoxide (DMSO) and passing ultraviolet light through the
extract. This test is dis- 50   closed in ASTM D-2269-83, the disclosure of
which is incorporated herein by reference. The absorb- ance at each
wavelength is proportional to the concentration of unsaturated aromatics
resonating in that wavelength range. Thus, in general, the lower the
absorbance at a particular wavelength, the lower the 



concentration of mononuclear aromatics and/or polynuclear aromatics. The
present invention is of particular utility in producing a process oil
having acceptable maximum sat- 55   urates and/or PNA contents. In a
preferred embodiment, both the saturates and PNA contents are moni- tored
and the temperature in the second hydrotreating stage adjusted to maintain
both below the prede- termined maximum levels. Since the catalyst employed
in the first and second hydrotreating stages may become inactivated over
time, resulting in undesirably high PNA contents in the process oil, the
present invention also is di- 60  rected at monitoring the PNA content of
the process oil and regenerating and/or replacing the catalyst when the PNA
content exceeds a predetermined value. As shown by the following
Comparative Examples and Examples, the present invention has been found to
produce a process oil having substantially reduced sulfur, basic nitrogen
and PNA contents at ac- ceptable yields and at acceptable through-put
rates. The oils produced by the subject invention also had 65   a
relatively low saturates content and an acceptable solubility as determined
by the aniline point rise. 5    EP 0 239 310 B1 COMPARATIVE EXAMPLE I In
this Comparative Example, a naphthenic feedstock was passed through a
single hydrotreating zone at an LHSV of 0.35. The temperature was
maintained at about [err] , the (gauge) pressure 5   about 800 psig (5.516
MPa), partial pressures of hydrogen, the hydrogen treat rate at about 450
SCF/B (80.14 liter [err]/liter oil) in the rpesence of a nickelmolybdenum
catalyst. The sulfur content was reduced from 1.07% to about 0.17%. EXAMPLE
10 In this Example, the naphthenic feed utilized in Comparative Example I
was utilized in a two stage hy- drotreating process with intermediate
removal of hydrogen sulfide and ammonia. The temperature in the first
hydrotreating stage was maintained at approximately [err] . The hydrogen
partial (gauge) pressure was maintained at about 550 psig (3.792 MPa), the
LHSV was maintained at about 1, and the hy- 15   drogen treat rate was
maintained at about 450 SCF/B (80.14 liter [err]/liter oil). The
hydrotreated feed exit- ing from the first hydrotreating vessel was passed
to an intermediate stripping zone in which hydrogen sulfide and ammonia
were stripped from the hydrotreated feed. The hydrotreated material after
steam stripping was passed through a second stage hydrotreating vessel
maintained at a temperature of about [err] , a hydrogen (gauge) partial
pressure of about 550 psig (3.792 MPa), an LHSV of about 1 20   and a
hydrogen treat rate of about 450 SCF/B (80.14 liter [err]/liter oil). The
catalysts utilized in the sec- ond stage was the same as that utilized in
the first stage, a nickel-molybdenum catalyst. The process oil produced by
this process had superior properties to that produced by Comparative
Example I. In this process, the residual sulfur content of the process oil
was only about 0.02 wt.%. The PNA's were signifi- cantly reduced as
compared with the single stage hydrotreating process, while the aniline
point was sub- 25  stantially the same as that of the process oil produced
in the single stage process. The overall yield was approximately 90 wt%.
Thus, the process described in this example was able to produce a process
oil having an aromatics content substantially similar to that of
Comparative Example I while at the same time having reduced the undesired
sulfur, basic nitrogen and PNA contents to acceptable limits. The process
of Example I had a surprisingly high overall LHSV of 0.5 per stage, whereas
in Compara- 30  tive Example I the single stage had an LHSV of only 0.35.
Thus, it was possible to significantly reduce the undesired feed components
without a significant re- duction in the desired solubility and
compatibility properties of the product. A summary of certain key op-
erating parameters and process oil properties for the naphthenic feed, the
process oil of Comparative Example I and Example I is presented below. 35
TABLE 1 Naphthenic    Comp. e.g. I       Example I Feed         Single
Stage       Two Stage 40
Hydrotreating      Hydrotreating LHSV                   -            0.35
0.5 Temp., [err]             -            (630) 332.2     (671/572) 355/300
(SCF/BbI) (liter [err]/liter oil)  -  (450) 80.14     (450) 80.14 45
(Psig) MPa, [err]          -             (800)5.516     (550)3.792 Aniline
Pt., [err]    (166.2)74.56  (180.5) 82.5   (180.5) 82.5 Saturates, wt.%
54.7         61.8            63.0 Sulfur, wt%            1.07         0.17
0.02 Basic N, ppm           210.5        56.6            105.4
DMSO-UVAbs/cm 



280-289 nm            1164         402.1           222.2 55
290-299 nm            1368          376.3           170.6 300-360 nm
1109         305.8           136.7 360-40 nm             124          21.4
8.8 60 COMPARATIVE EXAMPLE II This Comparative Example demonstrates the
criticality in removing hydrogen sulfide and/or ammonia intermediate the
first and second hydrotreating stages. In this Comparative Example, there
was not in- 65  termediate removal of the hydrogen sulfide and/or ammonia
compounds present. The temperature of the 6    EP 0 239 310 B1 first
hydrotreating stage was maintained at about 670 to [err] (354.4 to [err].
The hydrogen partial (gauge) pressure was maintained at about 550 psig
(3.792 MPa). The LHSV was maintained at about 1 and the hydrogen treat rate
was maintained at about 450 SCF/B (80.14 liter Hz/liter oil) in both
stages. The catalyst utilized in the first stage was a nickel-molybdenum
catalyst similar to, but not identical to that 5   used in Comparative
Example I and Example I. The hydrotreated material exiting the first stage,
was passed into a second hydrotreating stage maintained at a temperature of
about 575 to about 600F (about 301.7 to about [err]). All other conditions
in the second hydrotreating vessel, i.e. pressure, LHSV and catalysts were
similar to those in the first hydrotreating stage. The overall yield from
the hy- drotreating process was approximately 91 wt.%. 10 EXAMPLE II In
this example, the equipment and catalyst used were the same as that
employed in Comparative Exam- ple 11. The processing conditions also were
similar to those of Comparative Example II, but with removal 15   of
hydrogen sulfide, ammonia and hydrogen between the first and second
hydrotreating stages. The overall yield was about 95.1-95.7 wt.%. Key
operating parameters and properties of the process oil pro- duced in
Comparative Example II and Example II are set forth in Table II below.
TABLE II 20                                           Comp. e.g. II
Example II No Intermediate  Intermediate Stripping or   Stripping Fresh Gas
25                     Liquid Yield, wt.%     95.8            95.1-95.7
Aniline Point, [err]  (180.0) 82.2    (179.0) 81.7 Saturates, wt.%
60.2            61.0 Sulfur, wt%          0.090           0.05 30
DMSO-UV Abs/cm 280-289 nm          527.4           361.6 290-299 nm
517.9           381.6 35                       300-359 nm          421.3
308.5 360-400 nm           24.8             2.8 LHSV Overall         0.5
0.5 Temp., Stage 1, [err]  (355)197.2  (355) 197.2 40
Temp., Stage 2, [err]   (310) 172.2  (310)172.2 (SCF/Bbl) liter [err]/liter
oil (450) 80.14  (450) 80.14 (Psig) MPa [err]        (550) 3.792    (550)
3.792 45     Thus, from a comparison of Comparative Example II and Example
II it may be seen that at substantially similar aniline points,
intermediate stripping and fresh hydrogen addition resulted in a
significant reduc- tion in the PNA and sulfur contents of the process oil.
In this patent specification, the following conversions of units are
employed: 1 psig = 6.895 kPa gauge. 50   1 bar = 1 x [err] Pa. 1 SCF =
28.317 l. 1 B=159.0 l. Temperature in [err] is converted to [err] by
subtracting 32 and then dividing by 1.8. 55   Claims 1. A method for
producing a process oil having reduced sulfur, nitrogen and polynuclear
aromatics contents from a naphthenic feed containing same or from mildly
solvent-extracted, extracted or solvent dewaxed paraffinic feeds and having
an atmospheric boiling range of [err] (343.3 to [err]) 60   comprising: A.
passing the feed into a first hydrotreating stage maintained at a
temperature of [err] (315.6 to 



[err]), and a (gauge) hydrogen partial pressure of 400-1,500 psig (2.758 to
10.342 MPa) to con- vert at least a portion of the sulfur to hydrogen
sulfide and the nitrogen to ammonia; B. passing the hydrotreated feed from
the first hydrotreating stage into an intermediate stripping 65     stage
wherein hydrogen sulfide and/or ammonia is or are removed: 7    EP 0 239
310 B1 first hydrotreating stage was maintained at about 670 to [err]
(354.4 to [err]. The hydrogen partial (gauge) pressure was maintained at
about 550 psig (3.792 MPa). The LHSV was maintained at about 1 and the
hydrogen treat rate was maintained at about 450 SCF/B (80.14 liter Hz/liter
oil) in both stages. The catalyst utilized in the first stage was a
nickel-molybdenum catalyst similar to, but not identical to that 5   used
in Comparative Example I and Example I. The hydrotreated material exiting
the first stage, was passed into a second hydrotreating stage maintained at
a temperature of about 575 to about [err] (about 301.7 to about [err]). All
other conditions in the second hydrotreating vessel, i.e. pressure, LHSV
and catalysts were similar to those in the first hydrotreating stage. The
overall yield from the hy- drotreating process was approximately 91 wt.%.
10 EXAMPLE II In this example, the equipment and catalyst used were the
same as that employed in Comparative Exam- ple 11. The processing
conditions also were similar to those of Comparative Example II, but with
removal 15  of hydrogen sulfide, ammonia and hydrogen between the first and
second hydrotreating stages. The overall yield was about 95.1-95.7 wt.%.
Key operating parameters and properties of the process oil pro- duced in
Comparative Example II and Example II are set forth in Table II below.
TABLE II 20                                           Comp. e.g. II
Example II No Intermediate  Intermediate Stripping or   Stripping Fresh Gas
25                     Liquid Yield, wt.%    95.8           95.1-95.7
Aniline Point, [err]    (180.0) 82.2    (179.0) 81.7 Saturates, wt.%
60.2           61.0 Sulfur, wt%          0.090          0.05 30
DMSO-UV Abs/cm 280-289 nm          527.4          361.6 290-299 nm
517.9          381.6 35                      300-359 nm          421.3
308.5 360-400 nm           24.8            2.8 LHSV Overall         0.5
0.5 Temp., Stage 1, [err]  (355) 197.2  (355) 197.2 40
Temp., Stage 2, [err]    (310)172.2  (310) 172.2 (SCF/BbI) liter
[err]/liter oil (450) 80.14  (450) 80.14 (Psig) MPa [err]        (550)
3.792    (550) 3.792 45     Thus, from a comparison of Comparative Example
II and Example II it may be seen that at substantially similar aniline
points, intermediate stripping and fresh hydrogen addition resulted in a
significant reduc- tion in the PNA and sulfur contents of the process oil.
In this patent specification, the following conversions of units are
employed: 1 psig  6.895 kPa gauge. 50    1 bar = 1 x [err] Pa. 1 SCF =
28.317 l. 1 B = 159.0 l. Temperature in [err] is converted to [err] by
subtracting 32 and then dividing by 1.8. 55   Claims 1. A method for
producing a process oil having reduced sulfur, nitrogen and polynuclear
aromatics contents from a naphthenic feed containing same or from mildly
solvent-extracted, extracted or solvent dewaxed paraffinic feeds and having
an atmospheric boiling range of [err] (343.3 to [err]) 60  comprising: A.
passing the feed into a first hydrotreating stage maintained at a
temperature of [err] (315.6 to [err]), and a (gauge) hydrogen partial
pressure of 400-1,500 psig (2.758 to 10.342 MPa) to con- vert at least a
portion of the sulfur to hydrogen sulfide and the nitrogen to ammonia; B.
passing the hydrotreated feed from the first hydrotreating stage into an
intermediate stripping 65    stage wherein hydrogen sulfide and/or ammonia
is or are removed: 7 



EP 0 239 310 B1 C. passing the hydrotreated feed from the intermediate
stage into a second hydrotreating stage main- tained at a temperature lower
than that of the first stage and at a (gauge) hydrogen partial pressure
ranging between 400 and about 1,500 psig (2.758 and about 10.342 MPa,
respectively); D. monitoring the polynuclear aromatics contents and/or the
degree of saturation of the product exit- 5     ing the second
hydrotreating stage; and, E. adjusting the temperature in the second
hydrotreating stage to keep the polynuclear aromatics con- tent and/or the
degree of saturation below a predetermined limit. 2. The method of claim 1
wherein the temperature of the first hydrotreating stage ranges between
about 630 and about [err] (about 332.2 and about [err], respectively. 10
3. The method of claim 1 or claim 2 wherein the temperature of the second
hydrotreating stage ranges between about 550 and about [err] (about 287.7
and about [err], respectively). 4. The method of any one of claims 1 to 3
wherein hydrogen sulfide and/or ammonia is or are removed in the
intermediate stripping stage by contacting the hydrotreated material
exiting from the first stage with a stripping agent selected from steam,
inert gas and mixtures thereof. 15    5. The method of any one of claims 1
to 4 wherein the stripping agent comprises saturated steam. 6. The method
of any one of claims 1 to 5 wherein both the polynuclear aromatics content
and the de- gree of saturation of the product exiting the second
hydrotreating stage are monitored and the tempera- ture in the second
hydrotreating stage is adjusted to maintain both the polynuclear aromatics
content and the degree of saturation below predetermined limits. 20     7.
The method of any one of claims 1 to 6 wherein the saturates content of the
product exiting the sec- ond hydrotreating stage is maintained below about
80 wt.%. 8. The method of any one of claims 1 to 7 wherein the polynuclear
aromatics content of the product exit- ing the second hydrotreating stage
is maintained below about 100 ppm. 9. A method as in any one of claims 1 to
8 wherein hydrotreating catalyst in the hydrotreating stage(s) 25 is
regenerated and/or replaced when the polynuclear aromatics content and/or
the degree of saturation of the product exiting the second hydrotreating
stage exceeds a predetermined value. Revendications 30     1. Procede de
production d'une huile plastifiante ayant des teneurs reduites en soufre,
en azote et en aromatiques polynucl6aires, a partir d'une charge
napht6nique contenant les memes substances ou a partir de charges
paraffiniques legArement extraites par solvant, extraites ou deparaffinees
par sol- vant et ayant un domaine d'ebullition atmospherique de 650-1 200F
(343,3 a 648,90C), comprenant: A. le passage de la charge dans une premiere
etape d'hydrotraitement maintenue a une temperature 35     de 600-7500F
(315,6 a 398,90C), et sous une pression partielle manom6trique d'hydrogene
de 400- 1500 psig (2,758 a 10,342 MPa), pour convertir au moins une partie
du soufre en hydrogene sulfure et de l'azote en ammoniac; B. le passage de
la charge hydrotraitee depuis la premiere etape d'hydrotraitement dans une
deuxieme etape de stripage intermediaire, dans lequel on elimine
l'hydrogene sulfur6 eVou l'ammoniac; 40     C. le passage de la charge
hydrotraitee depuis l'etape intermediaire dans une deuxieme etape d'hydro-
traitement maintenue a une temperature inferieure a celle de la premiere
etape et sous une pression partielle manometrique d'hydrogene comprise
entre 400 et environ 1 500 psig (respectivement 2,758 et environ 10,342
MPa); D. le controle des teneurs en aromatiques polynucl6aires eVou du
degre de saturation du produit sor- 45    tant de la deuxieme etape
d'hydrotraitement- et E. le reglage de la temperature, dans la deuxieme
etape d'hydrotraitement, pour maintenir la teneur en aromatiques
polynucleaires et/ou le degre de saturation au-dessous d'une limite
predetermin6e. 2. Proced6 selon la revendication 1, dans lequel la
temperature de la premiere etape d'hydrotraitement s'echelonne entre
environ 630 et environ 720F (respectivement environ 332,2 et environ
382,20C). 50     3. Procede selon la revendication 1 ou la revendication 2,
dans lequel la temperature de la deuxieme etape d'hydrotraitement
s'echelonne entre environ 550 et environ 650,F (respectivement environ
287,7 et environ 343,30C). 4. Procede selon l'une quelconque des
revendications 1 a 3, dans lequel l'acide sulfhydrique eVou I'ammoniac est
ou sont elimin6s dans l'etape de l'elimination intermediaire par mise en
contact du produit 55   hydrotraite sortant de la premiere etape avec un
agent d'elimination choisi parmi la vapeur d'eau, un gaz inerte et leurs
m6langes. 5. Proced6 selon l'une quelconque des revendications 1 a 4, dans
lequel l'agent d'elimination comprend de la vapeur d'eau satur6e. 6.
Procede selon l'une quelconque des revendications 1 a 5, dans lequel on
contr6le a la fois la teneur 60   en aromatiques polynucl6aires et le degre
de saturation du produit sortant de la deuxieme etape d'hydrotraitement et
on regle la temperature, dans la seconde etape d'hydrotraitement, pour
maintenir a la fois la teneur en aromatiques polynucl6aires et le degre de
saturation au-dessous de limite predeter- 



minees. 7. Procede selon l'une quelconque des revendications 1 a 6, dans
lequel la teneur en satures du pro- 65   duit sortant de la deuxieme etape
d'hydrotraitement est maintenue au-dessous d'environ 80% en poids. 8    EP
0 239 310 B1 8. Proced6 selon 'une quelconque des revendications 1 a 7,
dans lequel la teneur en aromatiques poly- nudeaires du produit sortant de
la deuxieme 6tape d'hydrotraitement est maintenue au-dessous d'envi- ron
100 ppm. 9. Proc6de selon l'une quelconque des revendications 1 & 8, dans
lequel le catalyseur d'hydrotraite- 5 ment, dans la ou les etapes
d'hydrotraitement, est reg6ner6 etou remplaoc lorsque la teneur en aromati-
ques polynuclealres eVou le degre de saturation du produit sortant de la
deuxieme etape d'hydrotraite- ment depassent une valeur pred6termin6e.
PatentansprOche 10 1. Verfahren zur Herstellung eines ProzeBo8ls mit
vermindertem Gehalt an Schwefel, Stickstoff und mehrkemigen Aromaten aus
einer dies enthaltenden naphthenischen Beschickung odor aus milde sol-
ventextrahierten, extrahierten oder solvententparaffinierten paraffinischon
Beschickungen, mit einem atmospharischen Siedebereich von 650-1200F (343,3
bis 648,9C), welches Verfahren umfaBt: 15     A. Einleiten der Beschickung
in eine erste Hydrotreating-Stufe, die auf einer Tomperatur von 600- 750F
(315,6-398,90C) gehalten wird, und be! einern Wasserstoff-Partialdruck
(Manometerdruck) von 400-1500 psig (2,758 bis 10,342 MPa), um wenigstens
einen Teil des Schwefels in Schwofelwas- serstoff und den Stickstoff in
Ammoniak OberzufOhren; B. Einleiten der raffinierend hydrierten Beschickung
aus der ersten Hydrotreating-Stufe in sine 20     Stripping-Zwischenstufe,
wo Schwefelwasserstoff undloder Ammoniak entfernt wird oder werden; C.
Einleiten der raffinierend hydrierten Beschickung von der Zwischenstufe in
eine zweite Hyd- rotreating-Stufe, die auf einer Temperatur gehalten wird,
die niedriger ist als die der ersten Stufe, und bei einem
Wasserstoff-Partialdruck (Manometerdruck) zwischen 400 und etwa 1500 psig
(2,758 und etwa 10,342 MPa)- 25     D. Uberwachen des Gehalts an
mehrkemigen Aromaten und/oder des Sattigungsgrades des Pro- dukts, das aus
der zweiten Hydrotreating-Stufe austritt; und E. Anpassen der Tomperatur in
der zweiten Hydrotreating-Stufe, um den Gehalt an mehrkemigen Aromaten
und/oder den SAttigungsgrad unter einem vorbestimmten Limit zu halten 2.
Verfahren nach Anspruch 1, in dem die Temperatur der ersten
Hydrotreating-Stufe zwischen etwa 30   630 und etwa 720F (etwa 332,2 und
etwa 382,20C liegt). 3. Verfahren nach Anspruch 1 oder Anspruch 2, worin
die Temperatur der zweiten Hydrotreating-Stu- bo zwischen etwa 550 und etwa
650F (etwa 287,7 und etwa 343,30C) liegt. 4. Verfahren nach einem der
Anspriche 1 bis 3, worn Schwefelwasserstoff undloder Ammoniak in der
Stripping-Zwischenstufe entfernt wird oder werden, indem man das
raffinierend hydrierte Material, 3s   das aus der ersten Stufe austritt,
mit oinem Strippingmittel, das aus Dampf, inertem Gas und Mischun- gen
davon ausgewihit wird, in Kontakt bringt. 5. Verfahren nach einem der
Ansprbche 1 bis 4, worin das Strippingmittel gesattigten Dampf umfaBt. 6.
Verfahren nach einem der Ansprbche 1 bis 5, worin der Gehalt an mehrkemigen
Aromaten und der Sattigungsgrad des Produkts, das aus der zweiten
Hydrotreating-Stufe austritt, Oberwacht werden und 40   die Temperatur in
der zweiten Hydrotreating-Stufe angepaft wird, um den Gehalt an mehrkemigen
Arm- maten und den Sattigungsgrad unter vorbestimmten Limits zu halten. 7.
Verfahren nach einem der Anspruche 1 bis 6, worin der Gehalt an gesattigten
Anteilen im Produkt, das aus der zweiten Hydrotreating-Stufo austritt,
unter etwa 80 Gew.-% gehalten wird. 8. Verfahren nach einem der Anspriche 1
bis 7, worin der Gehalt an mehrkemigen Aromaten im Pro- 45   dukt, das aus
der zweiten Hydrotreating-Stufe austritt, unter etwa 100 ppm gehalten wird.
9. Verfahren nach einem der Anspruche 1 bis 8, worin der
Hydrotreating-Katalysator in der(den) Hyd- rotreating-Stufe(n) regeneriert
und/oder ersetzt wird, wenn der Gehalt an mehrkernigen Aromaten und/oder
der Sattigungsgrad des Produkts, das aus der zweiten Hydrotreating-Stufe
austritt, einen vorbestimten Wert Dbersteigt. 50 55 60 65 9    


