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(57) Abstract: Disclosed 1s a method of manufacturing high quality lube base oil (Group III) from unconverted oil having various
properties obtamned 1n a variety of hydrocrackers using improved catalytic dewaxing and hydrofinishing, the method mcluding
producing unconverted oil of at least one kind in the same or different hydrocrackers; subjecting the unconverted oil to vacuum
distillation; supplying all or part of the distillate fractions to a catalytic dewaxing reactor; supplying the dewaxed o1l fraction to a

hydro:
hydro:

1nishing reactor; and stripping the hydrofinished light o1l fraction, wherein make-up hydrogen 1s supplied upstream of the
1nishing reactor to increase hydrogen partial pressure, thereby enabling high quality base o1l to be manutfactured at high

yield under optimal process conditions using unconverted oil produced by hydrocracking under various conditions.
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Description

Title of Invention: METHOD OF MANUFACTURING HIGH
QUALITY LUBE BASE OIL USING UNCONVERTED OIL

Technical Field

The present invention relates to a method of manufacturing high quality lube base
o1l, including preparing a feedstock of high quality Lube base oil from unconverted oil
(UCO) obtained by hydrocracking Unit and then producing high quality lube base oil
from the feedstock. More particularly, the present invention relates to a method of
manutacturing high quality Lube base oil (Group I1I), which includes preparing an
optimal teedstock using UCO having various properties produced in a variety of hy-
drocrackers and then subjecting the feedstock to improved dewaxing and hy-

drofinishing process.

Background Art
Generally, high quality Lube base o1l has a high viscosity index, good stability (to

e.g. oxidation, Thermal , UV, etc.) and low volatility. A classification of the quality of

lube base o1l according to the APl (American Petroleum Institute) 1s shown 1in Table 1

below.
TABLE 1
Sulfur (%) Saturate (%) VI (Viscosity Index)
Group 1L >0.03 <90 3U~120
Group IT =0.03 = 90 80~120
Group IIT | =0.03 =90 =120
Group IV All PolyAlphaOlefins (PAOs)

Among mineral oil-based base oil products, base oil produced by solvent extraction
mainly corresponds to Group 1, base o1l produced by hydrotreating mainly corresponds
to Group II, and base oil having high viscosity index produced by high-degree hydro-
cracking mainly corresponds to Group III.

In the case where base o1l 1s classified according to the viscosity grade, it may
include Neutral base o1l and Bright Stock base oil, in which the Neutral base o1l
typically comprises an oil fraction streaming from the tower upon vacuum distillation
and the Bright Stock base o1l comprises an o1l traction having very high viscosity
streaming from the bottom of the tower upon vacuum distillation. In particular, base oil

of Group III which 1s high quality Neutral base oil 1s reterred to as Neutral in the sense
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that a base oil feedstock having high acidity 1s converted into a neutral material after
refining.

The conventional preparation of a feedstock for producing Lube base o1l using un-
converted o1l which 1s a heavy oil fraction that is not converted into fuel o1l but
remains 1n a fuel o1l hydrocracking process 1s known to be a method of effectively
manufacturing a feedstock ot high quality lube base o1l and fuel oil, as disclosed in
Korean Examined Patent Publication No. 96-13606, 1n which unconverted o1l (UCO)
1s drawn out directly during the recycle mode operation of a vacuum gas oil (VGO) hy-
drocracker to provide a teedstock tor producing base oil, so that loads on first vacuum
distillation (V 1, atmospheric residue vacuum distillation) and hydrotreating and hydro-
cracking (R1 and R2) are reduced without the need to recycle the VGO back to the first
vacuum distillation process (V1). Accordingly, a feedstock of high quality lube base
o1l having a viscosity such as 100N, 150N or the like may be prepared at significantly
increased etticiency. In this case, however, conversion of UCQO having various
properties produced 1n a variety of hydrocrackers into high quality Lube base oil 1s left
out ot consideration. (manufacturing high quality lube base o1l using UCO having
various properties produced in a variety of hydrocrackers is lett out of consideration)

Specitically, retineries all over the world include a large various type of hydro-
crackers (e.g. low-pressure hydrocracker, high-pressure hydrocracker, single-stage hy-
drocracker, two-stage hydrocracker, one-through, recycle mode etc.), and the teedstock
thereoft 1s very diverse ( such as vacuum gas o1l (VGQO) or coker gas o1l (CGO) and
which 1s also depend on crude o1l species adapted tor the corresponding refinery).
Thus, the hydrocracked residue may be produced 1n a large variety of ditferent ways
depending on the type and operating condition of hydrocracker and 1its feedstock, so
some may be appropriate for high quality lube base o1l production and some may be
inappropriate tor lube base o1l production . For example, there may be hydrocracked
residue favorable in terms of yield, hydrocracked residue tavorable in terms of
properties (including viscosity index, impurity content, etc.) ot lube base o1l products,
or hydrocracked residue unfavorable or favorable 1 terms of both yield and properties.
In this way, hydrocracked residue species produced using various crude oil sources,
various hydrocracking feedstocks (VGO or CGQ), or various type of hydrocrackers
(single-stage, two-stage, high-pressure (P>about 150 kg/cimg), low-pressure (P=about
100 kg/cm'g) hydrocrackers, one-through, recycle mode etc.) may have diverse
properties. Furthermore, as the size ot plants that produce lube base o1l has recently
increased, a large amount of teedstock such as hydrocracked residue (1.e. UCQ) 18
required to perform catalyst dewaxing and hydrofinishing, but it 1s very ditticult to
produce it in a single hydrocracker. Hence, there 1s an urgent need for methods that et-

fectively and economically utilize UCQO having various properties from a variety of

CA 02797670 2012-10-26
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different sources.
Also, 1n order to manufacture high quality base o1l (Group III) having high stability

at high yield using the process adapted for the properties and demands of such UCO,
dewaxing and hydrofinishing reactors should be optimized. In the case of dewaxing
reactors used 1n conventional processes that produce base o1l, no consideration 1s given
to the chimney tray for uniformly dispersing a liquid/gas mixture in catalyst beds so as
to maximize the use of catalyst. Also, 1n a quenching zone which 1s provided between
catalyst beds so that high-temperature gas and liquid flowing down from the catalyst
beds get mixed with a quenching tfluid and thus are uniformly cooled below a prede-
termined temperature, methods able to increase the residence time of the quenching
tluid to make it as long as possible for space efficiency and unclogging purposes have
not been devised.

Moreover, in the hydrofinishing process, the hydrogen partial pressure should be as
high as possible 1in order to impart tinal Lube base oil products with high stability (to
e.g. oxidation, Thermal, UV, etc.). However, hydrogen partial pressure is lowered due
to the consumption of hydrogen during the dewaxing process, conducted betore the hy-
drofinishing process. Theretore, methods of maintaining enough hydrogen partial

pressure so that the hydrofinishing process can be performed are in demand.

Disclosure of Invention

Technical Problem

Accordingly, the present invention has been made keeping in mind the problems en-
countered 1n the related art and the present invention is intended to provide a method
of manufacturing high quality lube base o1l, in which, in order to manufacture high
quality lube base o1l (Group III) in high yield, hydrocracked residue produced in the
same or ditferent hydrocrackers, in particular, hydrocracked residue having a com-
plementary relationship 1n terms of yield and properties, 1s used to prepare an optimal
feedstock, which 1s then subjected to catalytic dewaxing (1somerization) and hy-

drofinishing under optimal reaction conditions.

Solution to Problem

An aspect of the present invention provides a method of manutacturing high quality
lube base oil, comprising producing unconverted o1l of at least one kind in the same or
difterent hydrocrackers; supplying the unconverted oil to a vacuum distillation
separator, thus separating one or more distillate fractions therefrom; supplying all or
part of the distillate fractions to a dewaxing reactor in the presence of an 1somerization

catalyst, thus obtaining a dewaxed oil fraction; and supplying the dewaxed o1l traction

CA 02797670 2012-10-26
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to a hydrofinishing reactor in the presence of a hydrofinishing catalyst, wherein make-
up hydrogen 1s supplied upstream of the hydrofinishing reactor in order to increase the

hydrogen partial pressure.

Advantageous Effects of Invention

According to the present invention, unconverted oil produced in hydrocrackers under
various type and process conditions can be etfectively utilized as a feedstock ot high
quality lube base oil, and higher quality lube base o1l can be economically produced by
means of improved reactors and reaction conditions which optimize reactions that take
place during the dewaxing and hydrotinishing processes, thus attaining high industrial

applicability.

Brief Description of Drawings

FIG. 1 schematically shows a process of manutacturing high quality lube base oil
according to the present invention;

FIG. 2 schematically shows the separation of distillate fractions upon vacuum dis-
tillation according to the present invention;

FIG. 3 schematically shows a chimney tray of an isomerization reactor according to
an embodiment of the present invention;

FIG. 4 schematically shows a quencher ot an 1somerization reactor according to an

embodiment of the present invention; and
FIG. 5 1s a graph showing the relationship between hydrofinishing temperature and
PNA concentration at different hydrogen partial pressures in a hydrofinishing process

according to the present invention.

Best Mode for Carrying out the Invention

Hereinatter, a detailed description will be given of the present invention with
reference to the appended drawings.

FIG. 1 schematically shows a process of manufacturing high quality lube base oil
according to the present invention. As shown 1n this drawing, the method according to
the present invention includes producing unconverted oil (UCQO) of at least one kind 1n
the same or different hydrocrackers, supplying the UCO to a vacuum distillation
separator thus separating one or more fractions theretfrom, supplying all or part of the
separated tractions to a dewaxing reactor in the presence of an 1somerization catalyst
thus obtaining a dewaxed o1l fraction, supplying the dewaxed o1l fraction to a hy-
drofinishing reactor in the presence of a hydrofinishing catalyst thus obtaining a hy-

drotfinished light o1l fraction, and stripping the hydrotinished light o1l traction.

CA 02797670 2012-10-26
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The steps of the method according to the present invention are individually specitied
below.

(a) Preparation of UCO

Taking into consideration the yield and properties ot high quality lube base oil
(Group III), hydrocracked residue of the same or different two or more kinds may be
optimally mixed thus preparing a UCO teedstock suitable for producing high quality
base o1l (Group I11). According to the present invention, even when hydrocracked
residue produced 1n difterent hydrocrackers, in particular, hydrocracked residue having
poor yield and properties 1s mixed, the method able to use 1t as a feedstock ot high
quality lube base o1l corresponding to Group Il 1s provided.

UCO A

According to an embodiment of the present mvention, UCQO having the typical
properties of a) hydrocracked residue produced in a conventional low-pressure hy-
drocracker or b) hydrocracked residue produced 1n a hydrocracker using a teedstock
(e.g. coker gas oil or heavy crude o1l having a high impurity content) unfavorable for
hydrocracking 1s referred to as UCO A. This UCO A is poor 1n terms of the quality of
the feedstock of high quality lube base oll, including in terms of purity, impurity
content, viscosity index (VI), etc., and 1s thus typically known to be incapable of man-
ufacturing high quality lube base o1l of Group I1I. The properties and yield of UCO A
may be determined depending on whether crude o1l used in the refinery for producing
the corresponding UCO or the teedstock (coker gas o1l or the like) other than vacuum
gas o1l (VGO) to be hydrocracked may be mixed. The general properties thereof are

shown 1n Table 2 below.

TABLE 2

CA 02797670 2012-10-26
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Name Unit CCO A
APT (60F) 23.1
SG (60/60F) C.8379
Sulfur prmw 25.8
Nitrogen prmw c.0
K-Vis@40C cSL 22.80
K=vis@100 T ¢St 4.799
VI 135

Normalized VI

130
(K-Vis@100C=4.3)
Pour Point C +45
Distillation D-2887
“BP C 235
5% C 347
30% C 4710
50% (& 441
70% C 482
95% C 543
FBP C 600
[36]
[37] (Normalized VI (Viscosity Index) 1s obtained by calculating K-Vis@ 100°C on the
basis ot 4.2 or 4.3)
[38]
[39] In the case where the UCO A 1is subjected to vacuum distillation, the following
fractions may be obtained.
[40]
[41] TABLE 3
[42]

CA 02797670 2012-10-26
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Feeds

K=Vis@100 C

Range

Sulfur
VI
(ppm)

Nitrogen

(prm)

PCT/KR2010/007823

Distillate-—

ol

30

.9~3.1

113 2J.6

4.1

Distillate-—

o

31

124 33.9

0.8

Distillate—

C

Dictillate-

d

21

130 47,

N2
)

135 96./

/.4

<Separation Yield ot Distillates of UCO A and Main Properties>
Distillate-a/b/c/d are separated from UCO A in order to produce products according

TABLE 4

to viscosity grade, and the grade of Neutral base o1l used below i1s represented in a
manner such that the viscosity value of SUS (Saybolt Universal Seconds) at 100°F
(37.8°C) 1s added with N.. In the case of the above distillate fractions, Distillate-a cor-
responds to 70 Neutral Grade, Distillate-b corresponds to 100 Neutral Grade,
Distillate-c corresponds to 150 Neutral Grade, and Distillate-d corresponds to 250
Neutral Grade, and the grade standard 1s shown 1n Table 4 below. The feedstock
candidates of high quality base o1l (Group I1I) to be manufactured according to the
present invention include Distillate-b/c/d among the distillate fractions. Whether such
candidates may be manufactured into base o1l products corresponding to 100, 150, 250

Neutral grades using catalytic dewaxing and hydrofinishing is ascertained.

Neutral

Vis@40 C

Vis@100C

Cot

oUS

CST

SUS

/ON

13.3

70.8

37.0

100N

21.5

104.0

39.0

150N

31.6

148.0

2 OUN

H 00N

ob.l

107.0

227.0

£Y%6.0

1-.0

47.0

od. (0

<Viscosity Grade of Base Oil>

In order to manufacture base o1l using Distillate-a/b/c/d prepared from UCO A,

CA 02797670 2012-10-26

catalytic dewaxing and hydrofinishing are performed as described later. The catalytic
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activity of catalysts used in such processes 1s greatly atfected by impurities such as
sulfur, nitrogen or the like 1n the teedstock. Typically quantities of sultur and nitrogen
in the teedstock may be controlled 1n the level of 20 ~ 30 ppm and 5 ppm or less
(particularly 3 ppm or less), respectively. If there is a lot of impurities (particularly
nitrogen) in the feedstock, they may function as a catalyst poison, undesirably 1n-
creasing the reaction temperature and lowering reaction selectivity, undesirably dete-
riorating the properties ot products, such as decreasing the yield of base o1l and 1n-

creasing the side-reactions and the degree of VI drop.
As shown 1n Tables 2 and 3, Distillate-a/b/c/d prepared trom UCO A have high

sulfur/nitrogen contents. Among Distillate-b/c/d which are feedstock candidates for
manutacturing base oil of Group III, Distillate-b having a VI of about 124 i1s disad-
vantageous because the resulting Neutral product 1s estimated to have a VI of 109 ~

113 when considering the VI drop (typically about 11 ~ 15) caused upon catalytic
dewaxing, thus making 1t impossible to manutacture high quality base oil (Group 1ll, a
V1 of 120 or more). Also, Distillate-c having a VI of about 130 is disadvantageous
because the resulting Neutral product 1s estimated to have a VI ot 115 ~ 119 when con-
sidering the VI drop caused upon catalytic dewaxing, making it actually difficult to
manutacture high quality base oil. Although Distillate-d may be used to manutacture
base o1l of Group III, it may have a low yield, a heavy boiling point range and high

impurity content, thus making it difficult to manutacture base oil (Group III).

UCO B

According to an embodiment of the present invention, UCO having the typical
properties of hydrocracked residue produced in a) a high-pressure hydrocracker having
comparatively high hydrocracking performance resulting in high conversion etficiency
or b) a hydrocracker using a feedstock (e.g. VGO) which 1s easily hydrocracked 1s
referred to as UCO B. Compared to UCO A, the quality of UCO B is higher and makes
a superior teedstock tor producing high quality lube base oil in terms ot properties
including impurity content, stability and viscosity index(VI), thus making it possible to
obtain base o1l of Group III. In the case of such UCO produced in a hydrocracker
having high hydrocracking performance, 1t may have comparatively good properties
but the proportion of light oil fractions 1s relatively high, and thus the yield of desired
lube base o1l (such as 100/150 Neutral) becomes low. The properties and yield of UCO
B also may be determined by the type of crude oil used in the corresponding refinery
or the hydrocracking teedstock in addition to the kind and operation mode ot a hy-
drocracker for producing the above UCQO. The properties thereot are shown 1n Table 5

below.

CA 02797670 2012-10-26
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[56]
Name Unit UCO B
APT (60F) 36.9
SG (60/6CF) 0.8403
Sulfur pomw 11.72
Nitrogen pRImw 0.7
K-Vis@40C cSt 20.66
K-Vis@10CC cSt 4.549
VI 140
Norma_ized VI
138
(K-Vis@1C0C=1.3)
Poar Point C +39
Disti_lation D=-2887
IRP T 288
59 C 349
30% T 408
50% C 431
70% T 457
95% C 513
FRP C 540
[57] <Separation Yield of Distillates of UCO B and Main Properties>
[ 58] When UCO B 1s distilled at vacuum condition, the following fractions may be
obtained as shown in Table 6 below.
[59]
160] TABLE 6
[61]
Yield K-Vis@_00C Sulfur Nitrogen
Feads VT
(Vols) | Range (ppm) (ppm)
Distillate-a | 42 2.9~3.7 118 | 8.2 0.6
Distillate-b | 33 4.0~4.2 138 | 13.6 0.9
Distillate-c | 22 4.9~5.3 144 | 17.9 1.2
Distillate-d | 3 €.5~7.0 142 | 22.7 1.3
[62] Distillate-a/b/c/d prepared trom UCO B have lower sulfur/nitrogen contents than do

the distillates of UCO A, and are thus very 1deal in terms of reactivity and selectivity

CA 02797670 2012-10-26
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when used as a feedstock of catalytic dewaxing and hydrofinishing. Among the above
distillates, Distillate-b/c/d may be feedstock candidates for manutacturing lube base oil
of Group I1I. Specifically, Distillate-b has a VI of about 138, and thus the resulting
Neutral product 1s estimated to have a VI of 123 ~ 127 even after taking into con-
sideration the VI drop (typically about 11 ~ 15) caused upon catalytic dewaxing,
making i1t possible to stably manutacture lube base o1l of Group III. As well, Distillate-
c/d are advantageous because high quality base o1l may be stably manufactured in con-
sideration of impurities (sulfur, nitrogen, etc.) in a heavy boiling point range. Hence, in
the case where base o1l 1s manutactured trom UCO B, it 1s possible to obtain high
quality Grouplll lube base o1l having a very good properties.

However, UCO B has drawbacks because the yield ot Grouplll lube base oil,
compared to when UCO A 1s used as the feedstock as mentioned above, 1s lower.
Specitically, the largest amount ot Distillate-a 1s produced from UCO B, but the
resulting base o1l from distillate-a corresponds to base o1l of Group 11 having a light
boiling point range the value of which 1s comparatively low, not Group III which 1s the
product target, in terms of VI. For UCQO B, the resulting products have superior
properties, but have a comparatively higher proportion of light distillate the value of
which is low than that of UCO A 1n terms of the production yield. In contrast, UCO A
exhibits comparatively good yield but poor properties, thus making 1t impossible to
produce high quality base oil of Group 11l. Accordingly, the present invention provides
a method of optimally and etticiently producing high quality base oil ot Group I1I 1n

terms of the yield and properties, as explained above.

UCO Mixture

According to the research 1into optimization of feedstocks in terms of reaction yield
and reaction conditions of lube base o1l that has been being conducted for many years,
when a UCO mixture obtained by mixing UCO A and UCO B at an optimal ratio so as
to allow tor the yield and the properties i1s used, high quality lube base o1l of Group 111
can be economically manutactured. Specifically tor example, UCO A and UCO B are
mixed at a weight of 40:60 determined through tests, thus obtaining a UCO mixture,

the properties of which are shown 1n Table 7 below.

TABLE 7
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Name Unit CCO Mixtare
API (60F) 35.5
SG (60/60F) C.8473
Sulfur ppmw 21.0
Nitrcgen ppmw 2.82
K-Vis@40C cSt 21.468
K-Vis@100 T cSt 4,647
VI 137
Normalized VI

134
(K-Vis@100T=4.3)
Pour Point C 447
Distillation D-2887
TRP C 280.8
E C 251.0
R0% [® 412 .8
0% C 437 .7
70% C 466.3
G5% C £24.3
FRP C £55.4

<Properties of UCO Mixture>

The separation yield ot distillates of the UCO mixture and the main properties

thereof are shown in Table & below.

TABLE &
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Yield K-Vis2100 C Sulfur Nitrogen
F'eeds VI
(Vol%) Range (Fpm) (Fpm)
Distillate-
37 2.9~3.1 16 | 12.2 1.7
a
Distillate-
32 4.0~4,2 "34 | 21.4 2.8
b
Distillate-
22 4.9~5.3 "39 | 26.9 3.8
C
Distillate-
9 6.5~7.0 38 | 42.9 5.2
d
[ 76] All the VI values of Distillate-b/c/d corresponding to the Group III o1l fractions of

[ 77]

[ 76]
[79]
[50]

the UCO mixture are 120 or more even after taking into account the VI drop ot about
11 ~ 15 upon dewaxing and hydrofinishing, and thus it 1s possible to manufacture high
quality base o1l of Group I11. Also the distillate yield pattern 1s good because the
proportion of light distillate is reduced while the desired quality 1s still achieved, and
the product yield ot 100 Neutral or more which 1s the main product target may be
maximized.

In the present invention, when a UCO mixture 1s used, UCO A having a VI of 110 ~
140, a sulfur content of 20 ~ 60 ppm and a nitrogen content of 4 ~ 8 ppm, and UCO B
having a VI of 115 ~ 145, a sulfur content of 5 ~ 25 ppm, and a nitrogen content ot 0.1
~ 1.5 ppm are mixed at a weight ratio of 1:1 ~ 2, and particularly 1:1.2 ~ 1.6. As such,
if the amount of UCO B 1s less than the weight ot the UCO A, the properties of the
resulting base o1l become unsatistactory. In contrast, it the amount of UCO B 1s more
than twice that of UCO A, the proportion of light o1l fractions may increase in the
downstream vacuum distillation process, undesirably lowering the yield ot desired
base oil of Group III. The UCO mixture as above may have a VI of 130 ~ 140, 20 ~ 50

ppm sulfur, and 2.5 ~ 6.5 ppm nitrogen, as seen in Table 7.

(b) Vacuum Distillation and Production of Distillate

Appropriate UCO (1.e. hydrocracked reside) in terms ot desired properties and yield
as above 1s subjected to vacuum distillation, and thus distillate fractions (cut fractions)
adapted to manufacture lube base o1l corresponding to the main product target are
separated therefrom. All of the separated distillate fractions may be manutfactured mnto
high quality lube base oil using downstream catalytic dewaxing and hydrotinishing.
However, taking into consideration the market situation and the target product group,

the o1l fraction corresponding to the distillate tfraction the value of which 1s com-

CA 02797670 2012-10-26



p o

[81]

[82]

[83]

[84]
[85]
86

[87]

|88 ]

CA 2797670 2017-04-24

13

paratively low may be transterred to a hydrocracker or other up-grading units and then utilized.

FIG. 2 schematically shows the separation of distillate fractions resulting from using vacuum
distillation, in which all or part of the distillate fractions produced by vacuum distillation are
supplied to the downstream catalytic dewaxing (CDW)/hydrofinishing (HDF) unit, and the oil
fractions unsuitable in terms of the desired properties according to the present invention may be
introduced to other up-grading units such as hydrocracker and FCC. The above distillate fractions
may be continuously supplied to the downstream unit, or may be respectively stored in additional
tanks and then processed.

Thus, among the distillate fractions prepared from the UCO mixture as shown in Table 8,
about 37% of the o1l fraction corresponding to Distillate-a may be used for manufacturing light
lube base o1l (such Group Il 70 Neutral) or introduced to a hydrocracker or other up-grading units
In order to improve the properties, and the o1l fraction corresponding to the distillate fraction
having a VI of 130 ~ 140, 20 ~ 50 ppm sulfur and 2.5 ~ 6.5 ppm nitrogen may be introduced to
the downstream unit in order to manufacture Group I1T high quality base oil.

After separation of the desired distillate fractions by viscosity and boiling point using vacuum
distillation, two or more distillate fractions may be appropriately mixed, as necessary, thus

ensuring an additional distillate fraction according to the desired viscosity grade.

(¢) Dewaxing using Isomerization Catalyst

A catalytic dewaxing process is performed to selectively isomerize the wax component of
hydrocracked residuc so as to ensure good cold properties (to ensure low pour point) and to
maintain high VI. In the present invention, efficiency and yield may be increased by improving
the catalyst and reactor used in the dewaxing process.

The main reaction of catalytic dewaxing is typically an isomerization reaction for converting
N-parattin into 1so-paraffin in order to improve cold properties (such as pour point and cloud
point). As such, the catalyst used is a bifunctional catalyst. The bifunctional catalyst is made of
two active components including a metal active component (a metal site) for
hydrogenation/dehydrogenation and a support having an acid site for skeletal isomerization via
carbenium ions, and typically includcs a zeolite type catalyst comprising an aluminosilicate
support and one or more metals selected from among Groups 8 and 6 metals of the periodic table.

T'he dewaxing catalyst useful in the present invention comprises a support having an acid site
selected from among a molecular sieve, alumina, and silica-alumina and onc or more metals
having hydrogenation activity selected from among Groups 2, 6, 9 and 10 elements of the periodic

table. Particularly useful is Co, Ni, Pt or Pd among Groups
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9 and 10 (i.c. Group VIII) metals, and also useful is Mo or W among Group 6 (1.e. Group VIB)
metals.

Examples of the support having the acid site include a molecular sicve, alumina, and silica-
alumina. Among them, the molecular sieve includes crystalline aluminosilicate (zeolite), SAPO,
ALPO or the like, examples of a medium pore molecular sieve having a 10-membered oxygen ring
including SAPO-11, SAPO41, ZSM-11, ZSM-22, ZSM-23, ZSM-35, and ZSM-48, and a large pore
molecular sieve having a 12-membered oxygen ring may be used.

Particularly useful as the support in the present invention is EU-2 zeolite in which the degree of
phase transformation is controlled. When synthesis conditions change after production of pure zeolite,
or when synthesis continues and exceeds a predetermined period of time even under the same
hydrothermal synthesis conditions, there may occur a case in which the synthesized zeolite crystals are
gradually transformed into a more stable phase. This is referred to as the phase transformation of
zeolite. The present applicant maintains that it can be confirmed that isomerization selectivity 1S
improved depending on the degree of phase transformation of zeolite, and thus supenor pertormance
may be manifested in the hydrodewaxing process.

Specifically, EU-2 zeolite according to the present invention may have a phase transformation
index (T) in the range of 50 <T <100. As such, T may be represented by (TGA weight reduction of
EU-2)/(maximum TGA weight reduction of EU-2) X 100, in which the TGA weight reduction
indicates that EU-2 powder is heated from 120C to 550 C at aratc of 2 C/min in an air atmosphere
and allowed to stand at 550 C for 2 hours followed by measuring the weight reduction thereof using
TGA (Thermogravimetric Analysis).

Typically, a catalytic reaction is performed using a three-phase fixed-bed reactor. As such, in order
to ensure a high reaction yield and superior properties of lube base oil products, the contact ethiciency
of gas (e.g. hydrogen), liquid (feedstock) and solid (catalyst) is regarded as very important. Inthe
present invention, the following three-phase fixed-bed reactor is applied so as to ensure a desired
mixing efficiency of liquid reactant and hydrogen gas and to attain uniform temperature distribution n
the reactor.

According to the present invention, the isomerization dewaxing (IDW) reactor includes a) a
chimney tray for uniformly dispersing liquid and gas reactants to increase the contact efhiciency of
reactant and catalyst, and b) a quencher for effectively cooling heat generated by isomerization using
the chimney tray.

The chimney tray is formed to uniformly disperse liquid and gas reactants to thereby increase the

“contact efficiency of reactants and catalyst, and is disclosed in Korean Patent Application No. 2009-
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0048565 (Title: high performance chimney tray of fixed-bed reactor). The above chimney tray is
schematically depicted in FIG. 3, and includes a tray 10 having through holes and a plurality of
chimneys 20 perpendicularly fitted in the through holes of the tray and having one or more outlets
210. Each of the chimneys has a skirt-shaped bottom 201 that integrally extends therefrom under the
tray at an angle of 10 ~ 40 with respect to the normal line direction of the tray. If the angle 1s less than
10°, the liquid reactant may be intensively dispersed in the center of the chimney. In contrast, if the
angle is larger than 40°, the liquid reactant may be insufficiently dispersed by means of the plurality of
through holes in the direction tangential to the bottom of the chimney, and droplets may thus flow
along the skirt-shaped wall undesirably lowering dispersion efficiency. Furthermore, the outlets 210
are formed to penetrate diametrically opposite sides so as to be inclined with respect to the diametrical
line of the transverse cross-section of the chimney. This is because the outlets are formed at a
predetermined angle so that the supplied liquid reactant is subjected to centrifugal force.

Thereby, the contact efficiency of catalyst and reactant may be increased compared to when using a
typical chimney tray or a bubble cap tray, so that the temperature distribution in the catalyst bed 1s
made uniform and the reaction yield and the catalyst lifetime may increase.

Further, the dewaxing reactor according to the present invention includes a quenching zone
between the catalyst beds in order to dissipate the reaction heat generated from the reactor. In this
regard, Korean Patent Application No. 2009-0117940 (title: quencher for reactor) 1s disclosed. The
above quencher is schematically depicted in FIG. 4, and includes a quenching part 51 and a mixing
part 61. In order to lengthen the residence time of a quenching fluid as possible to increase the contact
thereof with a fluid, the quenching part includes fluid distribution pipes 53 branching off radially from
the center thereof to spray the quenching fluid and one or more first fluid outlets 55 formed in the
bottom surface thereof, and the mixing part includes baffles 63 respectively disposed under the first
fluid outlets; one or more partitions 62 for dividing a space defined by the outer and inner walls of the
mixing part so that the baffles are respectively positioned in the partitioned sub-spaces; and a second
fluid outlet 65 for discharging fluids mixed by means of the baftles and the partitions.

The fluid distribution pipes are connected with a fluid supply pipe 52 for supplying a tluid from outside
the reactor, and one end of each of the fluid distribution pipes that branch radially off 1s positioned at the
center of the quenching part, and the other end thereof is positioned higher than the center. Furthermore,
the fluid distribution pipes may have a plurality of fluid vents in the longitudmal direction thereof. The
quenching fluid supply pipe according to the present invention is configured such that a plurality
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of branched pipes extends upwards at a predetermined angle, thus enabling the
discharge of the quenching tluid from the entire three-dimensional space ot the
quenching part, advantageously creating eddy flow 1n the entire quenching part. Fur-
thermore, the quenching part is provided in the torm of the cross-sectional area thereot
being reduced downwards. Thus, 1n the case where there 1s a need to increase the water
level of a tluid, that level may be increased as desired even when the tlow rate 1s low.
In this way, the quenching zone 1s provided, thus forming eddy tlow 1n the entire
zone and maximizing turbulence current in a mixing box so that the inner temperature
distribution of the catalyst bed 1s made unitorm, resulting in increased reaction yield

and 1somerization selectivity.

(d) Hydrofinishing

In a hydrofinishing process, hydrogen i1s added to aromatic and olefin components so
as to 1ncrease stability (such as oxidation, thermal, UV, etc.) of lube base o1l products
The hydrotinishing process includes saturating aromatic and olefin components with
hydrogen using hydrogenation in order to ensure stability of lube base o1l products, and
a hydrofinishing reactor may include a quencher and a chimney tray as above.

The catalyst used in the hydrofinishing process includes one or more metals selected
from among Groups 6, 8, 9, 10, and 11 elements having hydrogenation activity, and
particularly includes sultides of Ni-Mo, Co-Mo or Ni-W or noble metals such as Pt or
Pd.

The support may include silica, alumina, silica-alumina, titania, zirconia or zeolite
having a large surtace area, and particularly includes alumina or silica-alumina. The
support functions to increase the dispersibility of metal to thus enhance hydrogenation
performance, and the control of the acid site 1s considered very important in order to
prevent cracking and coking of products.

The UCO which is the feedstock of lube base o1l may have properties varying
depending on the type ot hydrocracker and the teedstock thereot. In addition to VGO
typically used 1n the hydrocracking process, an o1l fraction (e.g. coker gas o1l)
thermally cracked by means ot a delayed coker may be used. Furthermore, 1n the case
of UCO prepared mn a hydrocracker which 1s an old-fashioned unit and thus has low
system pressure (about 100 kg/cmg), impurity and PNA (Poly Nuclear Aromatic)
contents may be high. When such UCO having high impurity and PNA contents 1s
used as the feedstock, stability of the tinal lube base o1l products may become
problematic. In order to prevent such problems, the hydrotinishing process 1s
performed after catalytic dewaxing, thus ensuring the stability required for base o1l of
Group I11.

In the present invention, a differential method 1s provided in the hydrotinishing

CA 02797670 2012-10-26
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process in order to obtain high quality lube base oil of Group III that is very stable. Specifically, make-
up hydrogen is supplied directly upstream of the hydrofinishing reactor to maintain a high hydrogen
partial pressure condition, and also the reaction temperature decreases using quenching of recycle gas,
thereby forming an condition favorable for a reaction equilibrium for hydrogenation of aromatics and
olefins, consequently increasing the stability of final lube base o1l products.

[106]  The hydrofinishing reaction is dominated by a reversible reaction equilibrium (FIG. 5). Because
this reaction reaches equilibrium at a temperature much lower than the dewaxing temperature, a low
temperature approximate to the reaction equilibrium is favorable for the reaction, and also,
hydrogenation becomes advantageous in proportion to an increase in hydrogen partial pressure
(H2PP).

[107]  The amount of hydrogen consumed due to the reaction and loss upon typical hydroprocessing 1s
continuously supplemented with make-up hydrogen. Generally, gas and liquid are separated from the
reaction effluent, hydrogen sulfide (H2S) or ammonia (NH3) 1s removed from the gas, a
predetermined amount of the gas is purged, as necessary, and such gas is passed through a
compressor. As such, make-up hydrogen may be supplied upstream or downstream of the compressor
(an example of a compressor is shown at FIG. 1, reference character “C”).

[108]  Although the make-up hydrogen may be added at the general position as above, in the present
invention, make-up hydrogen is supplied upstream of the hydrofinishing reactor to form a condition
favorable for hydrofinishing so as to lower the reaction temperature of hydrofinishing and
simultaneously to maintain a high hydrogenation condition thus increasing the stability of base ol.
As seen in the schematic view of FIG. 1, when make-up hydrogen (M/U H2) is supplied to a typical
position @ ortoaposition @ upstream of the hydrofinishing (HDF) reactor, the degree of
decreasing H2PP is measured. The results are shown in Table 9 below.

[109] <Main Operating Condition Base>

[110] - Dustillate Feed Rate: 9,000 BD

[111] - Minimum H2/Qil Ratio upstream of IDW Reactor: 420 Nm’/m’ of feed

[112]

[113] TABLESY

[114]
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[1

/‘)

Lt

O]

M/U H2 supply toM/U H2 supply to
a by

Make-Up E2 Supply 385.0 kag/hr 385.0 kg/hr

H2PP of IDW Reactor (at|l45.8 kg/ang 145.8 kg/ong

Inlet]

H2PP of HDF Reactor (at|134.5 kg/ang 140.2 kg/cng

Inlet)

R/G Purity About 90+ or|About 90% or more
more

% H2PP 1s calculated by (Rx Inlet Pressure) x (H2 Mole Flow Rate) / (Total Liquid &
Vapor Mole Flow Rate)

As 1s apparent from Table 9, betore hydrofinishing after catalytic 1somerization,
H2PP may have a tendency to decrease. This 1s because hydrogen 1s consumed 1n the
course of converting a part of the UCQO reactant into a light gas and a light hydrocarbon
when N-paraffin is converted into iso-paratfin at relatively high temperature (300 ~
400°C) 1n the presence of a zeolite type catalyst comprising an aluminosilicate support
and a noble metal upon 1somerization. During isomerization, production ot C1 ~ (5
light gas and cracking of the hydrocarbon occur. This procedure consumes hydrogen.
As well, as the catalyst 1s aged from SOR (Start Ot Run) to EOR (End Of Run), the
reaction temperature of the target properties (upon dewaxing, cold properties including
pour point) of a product is increased. The amount of produced C1 ~ C35 light gas is
turther increased and H2PP after isomerization 1s further decreased at higher reaction
temperatures, that 1s, towards EOR, ultimately deteriorating the quality of base oil
products including their stability.

However, in the case where make-up hydrogen is supplied upstream of the HDF
reactor, the hydrogen partial pressure which was lowered due to 1somerization may be
made up for.

Also, H2PP values are compared at different supply positions using calculations ot
the hydroprocessing loop. Conventionally, when make-up hydrogen 1s supplied
downstream of a separator, H2PP is lowered to the level of about 135 kg/cmg due to
1Isomerization. However, when make-up hydrogen 1s supplied upstream ot the HDF
reactor, H2PP may vary depending on the reaction conditions but may be maintained at
a relatively high level in the range of 140.0 ~ 200 kg/cm'g, and particularly 140.0 ~ 160
kg/cmg, thereby forming conditions favorable for hydrogenation.

Specifically, if the hydrogen partial pressure is lower than 140.0 kg/cmg, conditions
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untavorable for saturation or the finishing process ot aromatic compounds are formed
thus making 1t difficult to obtain stable lube base o1l products. In contrast, 1t 1t 1s higher
than 200 kg/cm'g, the catalyst of the reactor may be denaturalized, and economic
benefits are negated due to excessive hydrogen supply. The make-up hydrogen is
typically supplied using a make-up hydrogen compressor at a temperature of 100 ~
150°C and a pressure slightly higher than the pressure of the supply point of the IDW/
HDF high-pressure reaction loop. In the hydrotinishing process, the make-up hydrogen
may be supplied at a temperature adjusted to the lower level (about 70 ~ 130°C)
depending on the reaction conditions, thus improving quenching eftects to thereby et-
fectively form conditions tavorable for hydrogenation.

The appropriate reaction temperature of HDF 1s about 180 ~ 270°C in consideration
of the reaction equilibrium, whereas the reaction temperature of 1somerization 1s
generally 300 ~ 400°C. Thus, there may exist a considerably large difference in tem-
perature in both reactions. This temperature ditference may vary in both ot them
depending on catalyst conditions, but in the hydrotreating process the temperature is
typically decreased as a result of heat exchange taking place between the UCO
supplied for 1somerization and the reaction effluent after isomerization.

According to the present invention, the reaction temperature of HDF may be lowered
as a result of the combined heat exchange between the UCQ feedstock and the reaction
effluent after iIsomerization, and due to the make-up hydrogen added upstream of the
HDF reactor as well as the quenching ettects caused by means ot the tluid supply pipe
of the quencher. The reaction temperature of HDF may be adjusted so as to be
tavorable to creating a reaction equilibrium for the hydrogenation with the supply ot
compressed make-up hydrogen.

The present applicant has compared stability and HPNA (Heavy Poly Nuclear
Aromatic) of lube base o1l at different partial pressures 1n the HDF process using
Distillate-d having the greatest PNA (Poly Nuclear Aromatic) content corresponding to
a 250 Neutral product among distillate tractions prepared trom the UCO mixture in the
conventional process of preparing a feedstock of high guality base oil.

The HPNA (7-Ring+) of Distillate-d 1s analyzed to be 630 ppm. The 1somerization 1s
performed at the same reaction temperature using the same feed, and the reaction 1s
carried out under different H2ZPP conditions using a commercially available HDF
catalyst composed of alumina (Al203) and Pt/Pd supported thereto, thus obtaining
base o1l products, the stability and HPNA of which are analyzed.

TABLE 10

CA 02797670 2012-10-26
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HDF HZEP = 1235 | HDF HZPP = 140.5
kg/ang kg /g
HDE Temoerature (C) 200 200

[ 128]
[ 129]

[ 130]

[131]
[ 132]

[ 133]

[ 134]

UV Absorbancse®*

0.1897 0.1441
(250~350 nm Max)
Thermal Stability*~* 22.5 24
HPNA Content. 1n Base

6.87 ppm 6.46 ppm

o1l

*UV Absorbance (260~350nm MAX) 1s a wavelength corresponding to PNA. As
this value 1s lower, PNA content 1s small thus obtaining high UV stability and
oxidation stability.

** Thermal Stability 1s determined by comparing saybolt colors after 2 hours at

200°C. As this value 1s higher, no discoloration occurs, and thermal stability 1s

evaluated to be good.

The results of analysis of HPNA and stability of the lube base o1l obtained from
Distillate-d under the same 1somerization and hydrogenation conditions except for
different H2PPs (H2PP = 135.0/ 140.5 kg/cimg) showed that HPNA removal etficiency
and stability of the final lube base o1l products are superior under high H2PP
conditions.

Also, the method of manufacturing base oil according to the present invention may
turther comprise stripping a recycle gas and a base oil fraction from the hydrofinished
o1l fraction as shown 1n FIG. 1, so that at least a part of the recycle gas including
hydrogen 1s supplied upstream ot the hydrofinishing reactor together with the make-up

hydrogen, thus maintaining the hydrogen partial pressure of the reactor.

CA 02797670 2012-10-26
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1. A method of manufacturing high quality lube base oil, comprising:

producing unconverted o1l of at least one kind in same or different hydrocrackers;

supplying the unconverted oil to a vacuum distillation separator, thus separating one or more
distillate fractions therefrom, the unconverted oil being a mixture compﬁsing unconverted oil A having a
viscosity index (V1) of 100 to 140, 20 to 100 ppm sulfur and 3 to 50 ppm nitrogen and unconverted oil B
having a viscosity index of 115 to 155, 5 to 50 ppm sulfur and 0.1 to 5 ppm nitrogen, and a weight ratio of
unoonvertéd oil A and unconverted oil B of the mixture being 1 (A) : 1 to 2 (B);

supplying all or part of the distillate fractions to a dewaxing reactor in the presence of an
isomerization catalyst, thus obtaining a dewaxed oil fraction; and

supplying the dewaxed oil fraction to a hydrofinishing reactor in the presence of a hydrofinishing
catalyst, thus obtaining a hydrofinished oil fraction,

wherein make-up hydrogen is supplied upstream of the hydrofinishing reactor and downstream of
the dewaxing reactor in order to increase hydrogen partial pressure in the hydrofinishing reactor and to
lower a reaction temperature of hydrofinishing, and

wherein the lube base o1l 1s Group III base oil.

2. The method according to claim 1, wherein the distillate fractions separated using the vacuum
distillation separator are used alone or in a mixture, and thus have a viscosity index of 130 to 140, 20 to 50

ppm sulfur, and 2.5 to 6.5 ppm nitrogen.
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3. The method according to claim 1, wherein the mixture comprising unconverted oil A and

unconverted oil B has a viscosity index of 130 to 140, 20 to 50 ppm sulfur and 2.5 to 6.5 ppm nitrogen.

4, The method according to claim 1, wherein either or both of the dewaxing reactor and the
hydrofinishing reactor include a chimney tray comprising a tray having a plurality of through holes, and a
plurality of chimneys perpendicularly fitted in the through holes of the tray and having one or more outlets,
each of the plurality of chimneys having a skirt-shaped bottom integrally extending therefrom under the

tray at an angle of 10 to 40° with respect to a normal line direction of the tray.

3. The method according to claim 1, wherein either or both of the dewaxing reactor and the
hydrofinishing reactor include a quencher comprising a quenching part and a mixing part, the quenching
part comprising fluid distribution pipes that branch radially off from a center thereof so as to spray a
quenching fluid and one or more first fluid outlets formed in a bottom surface thereof, and the mixing part
comprising baffles respectively disposed under the first fluid outlets, one or more partitions for dividing a
space defined by an outer wall and an inner wall of the mixing part so that the baftles are respectively
positioned in partitioned sub-spaces, and a second fluid outlet for discharging fluids mixed by means of the

baffles and the partitions.

6. The method according to claim 5, wherein the fluid distribution pipes are configured such that one
end of each thereof is positioned at the center and the other end thereof is formed higher than the center, and

are connected with a fluid supply pipe for supplying a fluid from outside the reactor.
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7. The method according to claim 1, wherein the i1somerization catalyst comprises a support having

an acid site selected from the group consisting of a molecular sieve, alumina, and silica-alumina; and one or

more metals selected from the group consisting of Groups 2, 6, 9 and 10 elements of the periodic table.

8. The method according to claim 7, wherein the metal is selected from the group consisting of

platinum, palladium, molybdenum, cobalt, nickel and tungsten.

9. The method according to claim 7, wherein the molecular sieve is EU-2 zeolite having a phase

transformation index (T) in a range of 50 <'T' <100 1n which:

TGA weight reduction of EU-2
T=— e X100,

maximum TGA weight reduction of EU-2
wherein TGA is Thermogravimetric Analysis, and the TGA weight reduction indicates that EU-2
powder is heated from 120°C to 550°C at a rate of 2°C/min in an air atmosphere, allowed to stand at 550°C

for 2 hours and then measured for weight reduction using TGA.

10. The method according to claim 1, wherein the make-up hydrogen falls in a temperature range of

70 to 130°C.

11. The method according to claim 1, wherein a partial pressure of the make-up hydrogen in the

hydrofinishing reactor is maintained at 140 to 160 kg/curg.
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12. The method according to claim 6, wherein the make-up hydrogen is additionally supplied to the

tlmd supply pipe.

13. The method according to claim 12, wherein the quencher is included in the hydrofinishing reactor,
5 and make-up hydrogen supplied to the flud supply pipe of the quencher falls in a temperature range of 70

to 130°C.

14. The method according to claim 1, further comprising stripping a recycle gas and a base o1l fraction
from the hydrofinished oil fraction, in which at least a part of the recycle gas is supplied upstream of the

10 hydrofinishing reactor together with the make-up hydrogen.
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