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ACTIVATION OF DUAL CATALYST SYSTEMS

FIELDOFTHE INVENTION

{6091} This imvention relates to activation of catalyst systems that include a

hydrotreatment catalyst and another type of catalyst, such as a dewaxing catalyst,

BACKGROUND OF THE INVENTION

{06002} A wide variety of catalysts are employed at various locations in a
refinery. Hydrotreating catalysts allow for removal of contaminants such as sulfur
and nitrogen from feedstocks., Dewaxing and hydrocracking catalysts allow for
modification of boiling point and/or cold flow properties of feeds. Hydrofinishing
catalysts allow for addition of hydrogen to unsaturated functional groups in a
feedstock. For many types of catalysts, the state of the fresh catalyst when
shipped by the mamufacturer does not correspond fo the desired state for the
catalyst during hydroprocessing. In order to prepare the catalyst for use or

“activate” the catalyst. a variety of procedures have been employed.

166834 One of the difficulties in activation of catalysts occurs when muldtiple
types of catalysts are present in a single reactor or reactor train, For example, it
may be desirable to have a veactor or reactor train that contains one or more initial
beds of g hydrotreatment catalyst followed by one or more beds of a dewaxing
catalyst. A typical hydrotreatment catalyst often includes Group VI and Group
VI metals on a refractory support, such as cobalt-molybdenum or nickel-
tungsten on alumina. The metals on a hydrotreating catalyst are typically sulfided
for use during a hydrotreatment process. By contrast, many dewaxing catalysts
include a Group VIH noble metal, such as Pt, Pd, or bimetallic combinations of Pt
and Pd, on a support having a higher acidity than an amorphous alumina or other

refractory support. Examples of acidic supports include zeolites and supports
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from the M415 family of supports. The Group VI noble metals in such
dewaxing catalysis are typically poisoned by the presence of sulfur, leading to a
lower overall reactivity. As a result, a feed containing a sufficient amount of
sulfur to assist with sulfiding the Group VI and Group VI metals ona
hydrotreating catalyst is p@temiaﬂy a feed that will reduce the activity of a Group

VHI noble metal dewaxing catalys

13004} U.S. Patent 7,220,350 describes methods for selectively activating a
dewaxing catalyst using a feed that contains, for example, at least 100 wppm of an
oxygenate. The dewaxing catalysts include catatysts having Group VI and Group
VI metals, with Group VI neble metals being indicated as specific example.

As dewaxing catalysts with a wide variety of metals are described, it is noted that
the dewaxing catalysts can be either sulfided or unsulfided prior to being exposed
to oxygenate. [t is noted that the examples describe using a catalyst with Pt

supported on a ZSM-48 zeolite in a reduced staie, as opposed to a sulfided state.

SUMBMARY OF THE INVENTION

ERERY fn an embodiment, a method for activating a catalyst system 18
provided. The method includes exposing a catalyst system to a first Licuid
activation feed under effective reducing conditions, the catalyst system including
at least one catalyst with an amorphous support and at least one catalyst that
includes a Group VI voble metal on an acidic support, the effective reducing
conditions including a hvdrogen partial pressure of at least about 500 psig (3.43
MPag) and a temperature of at least about 200°C; and exposing the catalyst

systent to a second Hquid activation feed under effective sulfiding conditions.

{6006} In another embodiment, a method for activating a catalyst systein 1§
provided. The method includes exposing a catalyst system to a first Hiquid

activation feed under effective reducing conditions for at least about 24 bours, the
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catalyst system including at least one catalyst that comprises a Group VT metal
on an amorphous support, a dewaxing catalyst that comprises a Group VIHI noble
metal on a molecular sieve, and a hydrofinishing catalyst comprising a Group VIIT
noble metal on an acidic crystalline support, the effective reducing conditions
including a hydrogen partial pressure of at least about 500 psig (3.45 MPag) and a

temperature of at least about 200°C; and exposing the catalyst system to a second

Hiquid activation teed under effective sulfiding conditions.

BRIEFBDESCRIPTION OF THE DRAWINGS

180871 FIG, 1 shows results from aromatic saturation of a feed using catalysts

activated by various procedures.

6068} FIG. 2 shows results from hydroprocessing of a feed using catalyst

systems activated by various procedures.

4809 FIG. 3 shows results from hydroprocessing of a feed using catalyst
J bl o R

systems activated by various procedures.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

160310} In various embodiments, systems and methods are provided for
activatiug catalysts composed of one or more Group VI noble metals on an
acidic support. Some embodiments are also suitable for activating a conventional
hydrotreating catalyst and a Group VIl noble metal dewaxing or hydrofinishing
catalyst that are located in the same reactor or reaction stage. The systems and
methods allow for effective activation of the catalysts containing Group VI
noble metal(s) on an acidic support under conditions that are easier to control in a

typical refinery setting.
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6811} In an embodiment, a catalyst including one or more Group VI noble
metals on an acidic support is provided in a reacior or reaction stage. The reactor
or reaction stage optionally imcludes a conventional hydrotreating catalyst, The
catalysts are first exposed to a liguid feed under conditions effective for dryimg the
catalyst system. The catalyst(s) in the reactor or reaction stage are the exposed {0
a hiquid gctivation feed under conditions effective for reducing the metals ou the
Group VIIT noble metal catalyst. This can include exposing the catalyst(s) to a
Hauid activation feed in the presence of hydrogen gas. The liquid activation feed
can be a feed that contains sufficiently low amounts of sulfur, nitrogen, and/or
water. The catalyst{s) optionally can then be exposed to a liguid activation feed
under conditions effective for sulfiding a catalyst, such as sulfiding a
hydrotreating catalyst. The conditions effective for sulfiding a catalyst include a
temperature that is greater than the temperature during reduction of the metals on
the Group VT noble metal catalyst. The liquid activation feed for sulfidation can
be the same or different than the liguid activation feed for reduction. During
sulfidation, the liquid activation feed can have a sulfur content greater than a
desired amount, either due to spiking of the liquid activation feed or due to other

sulfur present in the feed.

D012} The geal of a catalyst activation process is to convert a catalyst from g
form that is stable for shipping to a form that is active for a desired tvpe of
processing in a refinery. In ‘cataiysi‘s intended for use for hydrocracking,
dewaxing, or hydrofinishing, Group VIII noble metal catalysts are often supported
using a molecular sieve or other crystalline support. Zeolites and
siticoaluminophosphates are examples of molecular sieves while an M418 type
material s an example of a crystalline support material that is not a molecular
sieve. These molecular sieve or other crystaliine support materials can be referred

to as acidic supports, as they are acidic relative to refractory oxide supports.
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16313} in general, catalyst activation refers to a process where a catalyst is
optionally dried and then exposed to one or more activation reagents under a
temperature and/or pressure profile. For a hydrotreating catalyst containing a
non-ueble Gr VIH metal, one of the activation reagents is usually a sulfur
containtng compound such as H»S or dimethyl disulfide (OMDS). This allows for
conversion of metals on the hydrotreating catalyst from an oxide form to a sulfide
form. For a Group VHI noble metal catalyst, hydrogen is typically used as an
activating reagent in order to reduce the oxidation state of the noble metals.
Hyidrogen is often used as an activating reagent for hydrotreatment catalysts as
well. Additionally, some nohle metal catalysts are at least partially sulfided for

use in hvdroprocessing.

16014} An activation process can be performed as either gas phase activation
or liguid phase activation. {u a liquid phase activation process, the catalyst is
exposed to a hiquid feed, such as a previously hydrotreated and/or dewaxed feed.
The acuvation reagenis can be dissolved in the feed, or the reagents can be
wntroduced as a gas phase and allowed to diffuse through the liguid feed to reach
the metal on the catalyst. The temperature during activation is often constrained,
as a sutficiently high temperature can cause metal on a support to agglomerate.
Typically, catalyst activity is higher for metals that are well-dispersed on a

catalyst support as oppesed to metals that have agglomerated. The presence of

water vapor during catalyst activation can also contribute to agglomeration.

10615] When temperature control is the only concern, 2 liguid phase
activation procedure may be preferable to a gas phase activation procedure. In
gas phase activation, all of the reagents introduced 1nto a reaction system are
gases. (rases have low heat capacities relative to condensed phases. As a result,
any heat generated during activation may be difficult to control and/or transpert
away. This problem is compounded by the fact that most reactors are designed

for temperature control of condensed phases, and are not designed to handle the
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potentially rapid temperature changes that can occur due to the low heat capacities’
for gases. By contrast, liquid phase activation procedure provides a flowing liquid
condensed phase that can facilitate heat transport. Liquid phase flow volumes
during activation are usually sufficient to allow the temperature control
mechanisms for the reactor to handle any temperature changes during an
activation procedure. Additionally, use of a hydrocarbon stream as the activation
feed can reduce or minimire the amount of water present, which can help in

avoiding agglomeration of metals on the catalyst.

166186} in spite of the advantages of hiquid phase activations, conventionally,
Group VI noble metal catalysts on acidic supports have been activated using a
zas phase activation method for various reasons. One concern is the ability of
hydrogen to pass through a liquid activation feed to reach the Group VI metal.
For activation of the catalyst to occur, the hydrogen or other gas phase reagents
st diffuse through the liquid activation feed i order to reach the surface of the
catalyst. The hydrogen can only then interact with the metais on the catalyst
surface. A problem believed to be associated with using a liquid phase reduction
is that the amount of hydrogen dissolved inio the liquid activation feed is limited,
based on relations such as Henry’s Law, which provides an equilibrium
concentration for a dissolved gas in a liquid based on the partial pressure of the
oas above the liquid. Separate from the equilibrium amount of gas dissolved i
the activation feed, transport of the gas by diffusion to the catalyst surface i3 also
of concern. Due to these factors, it bas been believed that liquid phase activations
result in lower amounts of gas phase activation reagents reaching a catalyst
surface. As such, strictly gas-phase activation of noble metal dewaxing catalysts

has been specified and used in the ndustry for catalyst reduction.

15417} Still another difficulty with activating dewaxing catalysts arises in

J)

situations where the dewaxing catalyst is located in the same reactor as a

iydrotreating catalyst. Performing separate gas phase activation on the dewaxing
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catalyst is costly and time consuming. However, it is conventionally believed that
the sulfidation conditions for the hydrotreating catalyst are not suitable for
activation of the dewaxing catalyst. This poses a problem for activation and
startup of the catalyst systems when both the hydrotreating catalyst, containing a
non-noble Group VI metal, and a dewaxing catalyst, containing a Group Vill
1oble metal or located tu the same process circuit/system, or even worse, when

they are located tn the same reactor.

{6318} In various embodiments, methods are provided for liquid phase
activation of metals on acidic catalysts, such as catalvst including zeolites or other
acidic crystalline materials. The methods are suitable for use in hydroprocessing
systens where a hydrotreating catalyst that requires sulfidation is located in the
same circuit, or same reactor, as an acidic catalyst, such as a dewaxing catalyst,
The methods allow catalyst activation (including sulfidation} to be performed for
the two catalyst system within the same circuit or reactor, without requiring

separate ex-situ or other gas phase processing for the acidic catalyst.

16019} During lquud phase catalyst activation, the catalyst being activated is
exposed 1o a hydrocarbon feed and usually at least one additional gas, such as
hydrogen gas. One option for a hydrocarbon feed for liquid phase catalyst
activation s to select a feed based on the expected use of the catalyst during
normal operation. For example, it may be desirable to treat a vacuum gas oi] feed
with a hydrotreating catalyst to remove sulfur and nitrogen, followed by ireating
the feed with a dewaxing catalyst to improve the cold flow properties of the
resulting product. One option for an activation feed in this situation would be to
use a previously hydroprocessed vacuum gas oil of a similar type.

16028} More generally, a mineral feedstock (such as a mineral hydrocarbon

&

feedstock) refers to a feedstock derived from crude oil that has optionally been



WO 2013/078087 PCT/US2012/065504

subjected to one or more separation and/or other refining processes. In some
preferred embodiments, the mineral (hydrocarbon) feedstock is a petroleum
feedstock boiling in the diese] range or above. Examples of suitable feedstocks
include virgiu distillates, hydrotreated virgin distillates, kerosene, diesel boiling
range feeds (such as hydrotreated diesel boiling range feeds), light cycle oils,

atmospheric gas oils, and vacuum gas oils,

100214 Dhesel boiling range feedstocks (or other distiffate fuel boiling range
feedstocks) suitable for use in the present invention boil within the range of about

215%F 1o about 800°F. Preferably, the diesel boiling range feedsiock has an initial
boiling point of at least 2S0"F, or at least 300°F, or at least 3S0°F, or at least
400°F, or at least 431°F. Preferably, the diesel boiling range feedstock has a final
botling point of 800"F or less, or 775°F or less, or 750°F or less. Inan
embodiment, the diesel boiling range feedstock has a boiling range of from 451°F
to about 800°F. In another embodiment, the diesel boiling range feedstock also

wncludes kerosene range compounds (o provide a feedstock with a boiling range of

from about 2507F to about 8G0°F.

13022 Typical mineral feedstocks for production of distillate fuels can have
a nitrogen content from about 50 to about 2000 wppm nitrogen, preferably about
30 to about 15060 wppm nitrogen, and more preferably about 73 to about 1000
wppin nitrogen. In an embodiment, teedstocks suitable for use herein have a
sulfur content from about 100 wppm sulfur to about 18,000 wppm sulfur,
preferably about 200 wppm sulfux to about 5,000 wppm, and more preferably
about 350 wppm sulfur to about 2,500 wppm sulfur. o another embodiment, the
combined biocomponent and mineral feedstock can have a sultur content of at
feast about 5 wppm, or at least about 10 wppm, or at least about 23 wppm, or &
teast about 100 wppm, or at least about 500 wppm, or at least about 1000 wppm.
In yet another embodiment, the combined feedstock can have a sulfur content of

about 2000 wppm or less, or about 1000 wppm or less, or about 500 wppm or
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less, or about 100 wppm or less, or about 30 wppm or less. In another
embodiment, the nitrogen content of the combined feedstock can be about 1000
wppin or less, or about 500 wppm or less, or about 100 wppm or less, or about 50

wppm or less, or about 10 wppm or less.

16823} Alternatively. a feed with a higher amount of sulfur and nitrogen
contaminants may be the desired feed for processing in a reactor. For example,
feeds based on vacuum gas oils often contain higher levels of contammants. In
such embodiments, a suitable mineral feedstock can be a feedstock with an tnitial
boiling point of at least about 630°F (343°C), or at least about 700°F (371°C), or
at least about 750°F (399°C). Alternatively, the feedstock can be characterized by
the boiling poiunt required to boil a specified percentage of the feed. For example,
the temperature required to boil at least 5 wt.% of a feed is referred to as a *T5”
boiling point. In an embodiment, the mineral feedstock can have a TS boiling
point of at least about 700°F (371°C), or at least gbout 725°F (385°C). In another
embadiment, the mineral feedstock can have a T95 botling point of about 1150°F
{621°C) or less, or about 1100°F (593°C) or less, or about [050°F {(366°C) or
less. Alternatively, the mineral hydrocarbou feed can have a final boiling point of
about 1200°F (649°C) or less, or about 1 130°F (621°C) or less, or about 1100°F
{393°C) or less, or about 1030°F (566°C) or less. The percentage of a feedstock
that boils above 700°F (370°C) can be at least about 85%, or at least about 90,
or at least about 95%. Such mineral feedstocks can have a nitrogen content from
about 50 to about 2000 wppm nitrogen, preferably about 50 to about 1500 wppm
nitrogen, and more preferably about 75 to about 1000 wppm nitrogen. Inan
embodiment, feedstocks suitable for use herein can have a sulfor content from
about 100 to about 50,000 wppm sulfur, preferably about 200 to about 30,000

wppm, and more preferably about 350 to about 10,000 wppm.

16024} Cme impact of using a previously hydroprocessed feed of a similar

type as a feed for Lquid phase activation 1s that the sulfur content of the
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previously hydroprocessed feed will typically be lower than the correspond {eed
without hydroprocessing. For example, a feedstock suitable for use as an
activation feed (such as a previously hydroprocessed feed) can have a sulfur
coutent of about 1000 wppm or less, or about 750 wppm or less, or about 500
wppm or less, or about 250 wppm or less. Iun other embodiments, an activation
feed can be used that has a still lower sulfur content, such as about 108 wppm or

ess, or about 50 wppm or less, or about 20 wppm or less, or about 10 wppm or

fess. The amount of sulfur in the activation feed can represent a balance between
one or Mmore competing considerations. [f a catalyst with supported precious
metals is being activated, lower sulfur contents are beneficial to avoid excessive
poisoning of the catalyst. However, if a hydrotreatinent catalyst is being activated
using the same activation feed, a minimum amount of sulfur m the feed may be
beneficial in order to sulfide the metals on the hydrotreatment catalyst. This type
of balancing can lead to selection of an activation feed that has at least about 50

wppm of sulfur, or at least about 100 wppm, or at least about 200 wppm.

136251 The nitrogen content of an activation feed can also be reduced as
compared fo the nitrogen conient of a feed during normal operation. A feed
suttable for use as an activation feed can have a nitrogen conteni of about 250
wppnt ot less, or about 150 wppm or less, or about 100 wppm or less, or about 50
wppm or less, or about 10 wppm or less, or about 1 wppm or less. In general,
tower nitrogen content is preferred, but a feed that has been hydrotreated to
remove sulfur only to a desived level, such as at least 100 wppm, may also tnclude
some nitrogen. One option for avoiding this difficulty can be to hydrotreat a feed
severely enough to reduce the nifrogen amount to a desired level, and then use an
additive to increase the sulfur amount to a desired minimum. Suitable sulfur
additives for increasing the sulfur content of an activation feed include H,S and

limethy! disulfide (DMDS).
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16826} 111 various embodiments, an activation feed can have additional
characteristics relative to a feed during typical operation. The activation feed can
have a similar boiling point range to a feed during operation, or at least one
hoiting point can be lower by at least about 5°C, or at least about 10°C, or at least
about 20°C. The boiling point for the activation feed that is lower than the feed
during normal operation can be an initial boiling peint, a final boiling point, a TS5

boiling value, or another convenient feature of a distillation profile.

{68271 An activation feed can also contain a reduced amount of water. In
various embodiments, the amount of water in an getivaiion feed can be about 100
wppm ot less, or about 30 wppm ot less, or about 20 wppim or less. In various
embodiments, an activation feedstock may also be suitable for use as a feedstock

for drying a catalyst prior to other steps in a catalyst activation procedure.

160284 In some embodiments, the activation feed and/or the feed for use
during hydroprocessing can represent a combination of two or more feeds, such as
wo or more mineral feeds. The content of sulfur, nitrogen, oxygen, and olefins in
a feedstock created by blending two or more feedstocks can typically be
determined using a weighted average based on the blended feeds. For example, a
first feed and a second feed can be blended in a ratio of 80 wt.% first feed and 20
wi.% second feed. If the first feed has a sulfur content of about 1000 wppm, and
the second feed has a sulfir content of about 10 wppm, the resulting blended feed

could be expected to have a sulfur content of about 802 wppn,

Types of Catalvsts

{6029} Many types of hydroprocessing catalysts are composed of one or
more metals supported on a substrate material, For example, conventional
hydrotreating catalysts often include one or more Group V1 and/or Group VI
metals supported on a refractory support. Typical Group VI metals include Mo

and W, while hrpu:'a Group VHE metals include Ni, Co, and Fe. Supporis fora
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hydrotreating catalyst tnclude refractory oxide supports, such as alumiva, silica,

silica-aluming, titania, zirconia, and combinations thereof.

16030} Catalytic dewaxing relates to the removal and/or isomerization of
tong chain, paraffinic molecules from feeds. Catalvtic dewaxing can be
accomplished by selective hydrocracking or by hydroisomerizing these long chain
molecules. Hydrodewaxing catalysts can be selected from molecular sieves such
as crystalline alominosilicates {zeolites) or silico-aluminophosphates (SAPOs). In
an embodiment, the molecular sieve can be a 1-D or 3-1 molecular sieve, such as
a 10~-member ring 1-D molecular sieve. Examples of molecular sieves include
LZEM-48, Z8M-23, Z5M-33, Beta, USY, Z5M-5, SAPO-11, §52-32, and
contbinations thereof. Optionally, the dewaxing catalyst can include a binder for
the molecular sieve, such as alumina, titania, silica, sthica-alumina, zirconia, or g
combination thereof, In an embodiment, the binder can be aliomina, titama, or a
combination thereof. In another embodiment, the binder can be titania, silica,

zirconia, or a combination thereof,

186314 One feature of mwolecular sieves that can tmpact the activity of the
molecular sigve is the ratio of silica to alumina in the molecular sieve. Inan
embodiment, the molecular sieve can have a silica to alumina ratio of about 200 to
1 or less, or about 120 1o 1 or less, or about 100 o 1 or less, ot about 90 to 1 or
fess, or about 75 to 1 or less. {u an embodiment, the molecular sieve can have a
silica to aluming ratio of at least about 30 to 1, or at least about 30 1o 1, or at least

about 65 to .

16032} The dewaxing catalyst can also mclude a metal hydrogenation
component, such as a Group VI metal, Suitable Group VU metals can include
Pt, Pd, Co, or Ni. The dewaxing catalyst can include at least about 0.1 wt.% ofa
Group VU metal, or at least about 0.3 wt.%, or at least about 0.5 wt.%, or at least
about 1.0 wt. %, or at least about 2.5 wt.%, or at least about 5.0 wt.%.

Alternatively, the dewaxing catalyst can include about 10.0 wt.% or less of a
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Group VI metal, or about 5.0 wt.% or less, or about 2.5 wt.% or less, or about
L5 wt.% or less. [n an embodiment, the dewaxing catalyst can include Pt, Pd, or
a combination thereof. [n another embodiment, the dewaxing catalyst can include

Niand W, Nt and Mo, N1, W, and Me, Co and Mo, or Ni, Co, and Mo.

168333} Some hydrofinishing catalysts also involve crystalline supports. For
example, a hydrefinishing or aromatic saturation catalyst can include a Group

VI and/or Group VI metal supported on a bound support from the M415 family,
such as bound MCM-41. Suitable binders for a support from the M4 18 family,
stch as MCM-41, can include alumina, silica. or other suitable binders or
combinations of binders. One example of a suitable aromatic saturation catalyst is
Pt and/or another metal on alumina bound mesoporous MCM-41, Sucha caﬁaiyst
can be impregnated with a hydrogenation metal such as Pi, Pd, another Group
VI metal, 2 Group VI metal, or a mixture of metals thereof., Preferably, the
hydrogenation metal 1s Pt, Pd, or a combination thereof. In an embodiment, the
amount of Group VI metal 15 at least 0.1 wt. % per weight of catalyst.
Preferably, the amount of Group VIH metal s at least 0.5 wt. %, or at least 8.6 wi.
%. In such embodiments, the amount of metals can be 1.0 wt % or less, or 0.9 wt
Yo or less, or 0.75 wit % or less, or 0.6 wt %% or less. In stiil other embodiments, the
amount of metals, either individually or in mixtures, is at least 0.1 wit %, or at
least .25 wt %, or at least 0.5 wi %, or at least 0.6 wt %, or at least .75 wt %, or
at teast 1 wi %. In yet other embodiments, the amount of metals, either
individually or i mixtures, is 35 wt % or less, or 20 wt % or less, ot 15 wt % or

less, or 10 wi % or less, or 5 wi % or less.

2]

16034} e to the presence of the molecular sieve, dewaxing catalysis
geverally have higher acidity values than catalysts that are supported on an
amorphous support, such as alumina. Similarly, some other types of crystalline
supports, such as supports fron the M41S family, also have an increased acidity.

In various embodiments, the methods provided herein are suitable for activation
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of catalysts that contain molecular sieves or acidic crystalline supports, or
catalysts that are otherwise more acidic than dewaxing or hydrofinishing catalysts

with amorphous supports.
tth amorphous supports

Activation of Group VI Noble Metal Catalysts

{6835} In some embodiments, Hquid phase catalyst activation can be
performed for one or more types of Group VI noble metal catalysts, such as
catalysts suitable for use i hydroprocessing of a feedstock to produce a distillate
fuel or bight lubricating otl.  Liquid phase activation typically includes at least
wo activation time periods. Puring a first time period, the catalyst is exposed to
a liquid activation feed under reducing conditions. The liquid activation feed can
be a feed with desuable levels of sulfur, nitrogen, and water. During exposure of
the catalyst under reducing conditions, the amount of sulfur can be about 200
wppm or less, or about 56 wppm or less, or about 10 wppm or less. The amount
of nitrogen can be about 20 wppm ov less, or about {0 wppn or less, or about |
wppra or less. The low levels of sulfur and nitrogen allow for reduction of the
Group VU metals without interference from contaminants. The amount of water
can be about 100 wppm or less, or about 30 wppm or less, or about 20 wppm or
less. The low level of water content reduces or minimizes the amount of
agglomeration of metals on the catalyst during exposure under reducing,

conditions.

13036} During a liquid phase startup, the catalyst(s) in a catalyst system can
be wetted using the Haud feed for the reducing process. Wetting the catalysts is
beneticial for reducing or preventing movement of catalyst within a catalyst bed
during introduction of Hiquid feed. Wetting of the catalysts can be performed af

any convenient temperature, such as ambient temperature.
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{6837} The catalyst system can also be dried to remove excess water. Drying

the catalyst can be a part of the catalyst wetting procedure, or a separate set of

conditions cau be used for drying the catalyst.

(B3R} After wetting and drying of the catalysts, the catalysts are then
reduced in a liquid phase esvironment. The temperature during the reducing can
be from about 200°C to about 350°C, such as at least about 225°C, or at least
about 250°C. Preferably, the maximum temperature during the reducing phase is
about 330°C or less, about 325°C or less, or about 300°C or less, or about 275°C
or less. In preferred embodiments, the maximum temperature during the reducing

phase ts maintained from about 250°C to about 323°C.

1B639] The temperature can vary based on the type of Group VI noble
metal catalyst and the length of the first time period. The catalyst system is also
exposed 1o a reducing agent such as H,. The partial pressure of H, can be from
about 500 psig (3.45 MPag) to about 3000 psig (20.7 MPag), such as at least
about 1000 psig (6.9 MPag), or at least about 150G psig (10.3 MPag), or about

7
/

2500 psig or tess (17.2 MPag), or about 2000 psig or less {13.8 MPag). These

conditions are maintained while a liquid pbase feedstock is flowing through the
reactor(s) containing the catalyst system. In some embodiments, the flow rate
should be at least about 50% of the design basis flow rate for the reaction system,

Suitable feed flow rates range from an LHSV of about 0.1 br' to about 5.0 hr''.

100404 The temperatures during the reducing step are higher than the
temperatures typically used for a gas phase reducing step.  Additionally, a higher

partial pressure of H, 1s used to facilitate transport of H, through the liquid

environment and to the metals on the catalyst.

130414 After reducing the noble metal catalyst, a second time period can
opticnally be started for exposing the Group VIIH noble metal catalyst to a sulfur

compound. The sulfur compound can be introduced by any convenient method.
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For example, the same liquid activation feed can be used, but the feed can be
spiked with a spiking agent such as DMDS. Alternatively, H-'S can be introduced
n the gas phase in the reactor or reaction stage. Still another option can be to use
a different liquid activation feed that contains sulfur and/or that 1s spiked with a

1
{

sulfur compound. Introducing a sulfur compound into the reaction stage allows
for sulfidation of metals on catalysts in the reaction stage. For example, if the
reaction system includes a first bed of hydrotreating catalyst and a second bed of
dewaxing catalyst, introducing the sulfur compound can allow for activation of

the hydrotreating catalyst.

{6042} When a catalyst system is activated that includes both a hydroweating
catalyst and a Group VHI noble metal catalyst, the reduction of the metals on the

Group VI noble metal catalyst can be performed first. A sulfur-containing feed
for sulfiding the catalyst system can then be mtroduced into the reactor or reactor

SLAges,
Example 1

16043} This example involves activation of a hydrofinishing or aromatic
saturation catalyst, The hydrofinishing catalyst meluded 0.3 wt.% Pt and 0.9
wi.% Pd on an alumina bound MCM-41 support, The MUM-41 and alumina had

a relative weight ratio of 65:35 in the support,

{6044} Samples of catalyst were activated using both a gas phase activation
procedure {(comparative) and a Hquid phase activation procedure. In the gas phase
activation procedure, 5 con’ of the catalyst was loaded into a pilot plant upflow
reactor. The catalyst was dried asing N, with an H,O content of less than 100
wppm at 260°C for 3 hours. The catalyst was then reduced in the presence of a
partial pressure of 1000 psig (6.9 MPag) H, with an H,O content of less than 100
wppm for 24 hours. The temperature during reducing with H, was 260°C., The

catalvst was then exposed to a hydrotreated, dewaxed distillate feed containing
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210 wppm of sulfur for 24 hours at a liquid hourly space velocity (LHSV) of
about 2.0 hir''. The temperature was increased to 2753°C for the exposure to the
sutfur-contaming feed. The partial pressure of 1000 psig (6.9 MPag) H, was
continued durtng exposure to the sulfur-contatning feed. After this start-up
procedure, the gas-phase activated catalyst sample was ready for processing of a

feedstock.

3045} For the liquid phase activation, 5 emt” of catalyst was loaded into the
same type of pilot plant reactor., The catalyst was then exposed to the sulfur-
containing (210 wppm) hydrotreated distillate feed mentioned above for the gas
phase activation. Initially the distillate feed was introduced nto the uptlow
reactor at ambient temperature. A hydrogen pressure of about 1000 psig (6.9
MPag) of H, was also ntroduced into the reactor. The distillate feed was
infroduced at a slow rate so that the reactor became flonded after 24 howrs. The
feed rate was then increased to an LHSY of 2.0 hr™ with a sufficient hydrogen
flow to mainiain the hydrogen partial pressure at 1000 psig (6.9 MPag) H,. The
temperature was ramped up to a teraperature of 275°C. The feed flow, hydrogen
partial pressure, and temperature were matntained for about 24 hours. The liquid-

phase activated catalyst sample was then ready for processing of a feedstock.

16046} The gas-phase activated and liquid-phase activated catalyst samples
were then used to performy aromatic saturation on a feed suniar to the sultur-
containing feed used during the activations. The feed for aromatic saturation was
a hydrotreated distillate that contained 210 wppm of sulfur and 415 mmoles/kg of
aromatics. The catalysts were each exposed to the feed at 275°C at an LHSV of

2.0 bl with an H, partial pressure of 1000 psig (6.9 MPag).

{0847} FIG. T shows results from aromatic saturation of the feed over each
catalyst {or a series of runs. The lower data series of open symbols corresponds to
the liquid phase activated catalyst, while the upper data series of filled symibols

corresponds to the gas-phase activated catalyst. As shown in FIG. 1, the hquid-
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phase activated catalyst showed equal or better saturation of aromatics as

compared to the gas-phase activated catalyst.
Example 2

10048} This example involves activation of @ Group VUI metal hydrotreating
catalyst, a dewaxing catalyst, and a hydrofinishing or aromatic saturation catalyst
that are located in a single reactor stage using both a gas-phase activation
procedure and a Hquid-phase activation procedure. For both procedures, the
catalyst loaded in the reactor stage tucluded 3.3 3 om’ of a conventional Group
V/Group VHI hvdrotreating catalyst on an alumina support; 10 e’ of a
dewaxing catalyst including 0.6 wi.% Pt on an alumina-bound Z5M-48 support.
The relative weight ratio of ZSM-48 to alumina in the support was 63:35. The
Z5M-48 had a silica to alumina ratio of about 110 or less. The hydrofinishing
catalyst included 0.3 wt.% Pt and 0.9 wt.% Pd supported on an alumina bound
MCM-41 support with a 65:35 ratic of MUM-41 to alumina. The hydrotreating
and dewaxing catalysts were located in a first pilet reacior while the
hydrofinishing catalyst was located 11 a second reactor. The reactors were

cascaded together to produce a single reaction stage.

130491 For the catalyst system subjected to gas-phase activation, the catalyst
system was initially dried using N2, The catalyst system was then exposed to
2000 psig (13.8 MPag) of H, at 320°C for 24 hours to reduce the metals on the
dewaxing and hydrofinishing catalysts. After the drying and H, exposure, the
catalyst system was exposed to a heavy neutral hydrocrackate at 320°C for about
24 bours. The 2000 psig (13.8 MPag) of H, was maintamed during this exposure
to the heavy neutral hydrocrackate. Relative to the amount of dewaxing catalyst,
the LHSV of the heavy neuiral hydrocrackate was 1.0 hr''. Relative to the amount
of h‘ydl ofinishing catalyst, the LHSV of the heavy neutral hydrocrackate was 2.0

w'. The gas-activated catalyst system was then ready for use.
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{6358} For the higud-activated catalyst system, the catalyst systen was

exposed to a diesel boiling range feed with a sulfur content of less than about 50
wppm at ambient temperature. Initially the distillate feed was mtroduced into the
uptlow reactor at ambient temperature. A hydrogen pressure of about 1000 psig

(6.9 MPag) of H. was also mtroduced into the reactor. The distillate feed was

wnfroduced at a slow rate so that the reactor became flooded after 24 houwrs, The
LHSY of the diesel feed relative to the dewaxing catalyst was then increased to
about 1.0 hr' while ramping the temperature up to 200°C. As noted above, an
LHSV relative to the dewaxing catalyst of 1.0 hr”' corresponds to an LHSV
relative to the hydrofinishing catalyst of 2.0 hr''. The H, partial pressure was
maintained at 2000 psig (13.8 MPag). This condition was then maintained for
another 24 hours. The liquid activation feed was then changed to the heavy
neutral hydrocrackate as described above. The LHSV was 1.0 e’ relative to the
dewaxing catalyst. The catalyst system was exposed to the heavy neutral
hydrocrackate in the presence of 2000 psig (13.8 MPag) of H, for 24 hours.
During this time, the temperature of the catalyst system was ramped to 320°C,

The hguid-phase activated catalyst systemn was then ready for use.

16051} The gas-phase activated and liquid-phase activated catalyst systems
were used to process a heavy neutral hydrocrackate feed for pour point
improvement. The heavy neutral hydrocrackate feed was exposed to the catalyst
systems at a temperature of 320°C with an H, partial pressure of 2000 psig (13.8
MPag). The LHSV of the feed was 1.0 br'’ relative to the dewaxing catalyst and
2.0 hr'! relative to the hydrofinishing catalyst. FIG. 2 shows the pour point resulis
of processing the heavy neutral hydrocrackate feed over both catalyst systen

over time. The lower axis in FIG. 2 corresponds to the number of days on feed
for a caialyst. The upper data set of square symibols corresponds to the gas phase
activation procedure while the lower data set of diamoud symbols corresponds to
the liquid phase activation procedure. As showu in FI{I, 2, the liquid-phase

activated catalyst system provided a significantly lower pour point for the feed at
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the beginniug of processing. This trend of providing a lower pour point continued
during the course of the processing run. This improved pour pownt reduction
indicates that the hguid-phase activation provided superior activity for the catalyst
systemn. FIG. 3 confums this tmproved activity by showing the relationship
between pour point and conversion. Once again, the square symbols correspond
to the gas phase activated system while the diamond symbols correspond to the
liguid phase activated systeni. As shown wn FIG. 3, the relationship between pour
peint and feed conversion is similar for both catalysts, This indicates that the
liguid phase activated catalyst is more active due to providing the same qualitative
type of reactivity at a lower temperature. The increased activity of the liquid-
phase activated catalyst does not appear to be due to an increase in general
cracking of the feed. In other words, at the beginning of a processing run, the
liquid-phase activated catalyst system could be used at a lower tnitial temperature
than the gas-phase activated catalyst system while still achieving the same desired
pour point. This additional activity for the liquid-phase activated catalyst system,

however, does not result in additional feed conversion for a given amount of pour

point reduction,

Additional Embodiments

{68352} Embodiment 1. A method for activating a catalyst system,
comprising: exposing a catalyst system to a first liquid activation feed under
effective reducing conditions for at least about 24 hours, the catalyst system
including at least one catalyst that comprises a Group VHI non-noble metal on an
antorphous support and at least one catalyst that comprises a Group VI noble
metal on an acidic support, the effective reducing conditions including a hyvdrogen
partial pressure of at least about 500 psig (3.45 MPag) and a temperature of at
teast about 200°C; and exposing the catalyst system to a second liguid activation

feed under effective sulfiding conditions.
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{6833} Embodiment 2. The method of embodiment |, wherein the catalyst

with an amorphous suppert is a hydrotreating catalyst.

16634} Embodiment 3. The method of any of the above embodiments,
wherein the catalyst comprising a Group VI noble metal on an acidic support
comprises a dewaxing catalyst with P, Pd, or a combiuation thereof on a support

including a molecular sieve.

16655] Embodiment 4. The method of any of the above embodiments,
wherein the catalyst comprising a Group VI noble metal on an acidic support
comprises a hydrofinishing catalyst with Pt, Pd, or a comibination thereof on a

support comprising an M418 family support.

16056} Embodiment 5. The method of any of the above embodiments,

wherein the catalyst system is provided in a single reactor.

18057} Embodiment 6. The method of any of the above embodiments,
wherein first liquid activation feed comprises a distillate boiling range feed with a
sulfur content of less than about 100 wppm and a water content of less than about

160 wppm.

1058 Embodiment 7. The method of any of the above embodiments,
wherein first iquid activation feed has a nitrogen content of less than about 250

wppn.

{6859} Embodiment 8. The method of any of the above embodiments,
wherein the second liquid activation feed comprises a distillate beiling range feed

with a sulfur content of at least about 200 wppm.
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{6060} Embodiment 8. The method of any of the above embodiments,
wherein the second liquid activation feed comprises the tirst liquid activation feed

spiked with g sulfur-containing compound.

{0061} Embodiment 10. The method of any of the above embodiments,
wheretn the effective sulfiding conditions comprise a temperature of at least about

275°C, a hydrogen partial pressure of at least about 500 psig (3.45 MPag).

16662} Embodiment 11, The method of any of the above embodiments,
wherein the effective reducing conditions comprise a maxinuun temperature of

about 330°C or less,

16063} Embodiment 12, The method of embodiment 11, wherein the
effective sulfiding conditions mclude a temperature that is at feast about 15°C

greater than the temperature of the effective reducing conditions.

{6064} Embodiment 13, The method of any of the above embodiments,
wherein the effective reducing conditions comprise a maximum temperature of

from about 250°C to about 325°C,

13065} Embodiment 14, The method of any of the above embodiments,
wherein the effective reducing conditions include an H, partial pressure of at least

about 1000 psig (6.9 MPag).

106066} Embodiment 15. The method of any of the above embodiments,
wherein the catalyst system comprises a hydrotreating catalyst, a dewaxing
catalyst that includes a Group VIH noble metal on a support comprising a
molecular sieve, and a hydrofinishing catalyst that includes a Group VIH noble

metal on a support comprising an M4 1S family support.



WO 2013/078087 PCT/US2012/06550+4

16867} Embodiment 16. The method of any of the above embediments,
wherein the catalyst comprising a Group VI metal on an amorphous support

comprises Ni, Ug, or a combination thereof on an amorphous support,

{6068} Embodiment 17. The method of any of the above embodiments,
wherein the catalyst comprising a Group VHI metal on an amorphous support

further comprises Mo or W on the amorphous support.

16869] Embodiment 18, The method of any of the above embodiments,
wherein the catalyst system further comprises a hydrofinishing catalyst

comprising a Group VI noble metal on an acidic crystailine support.
g 4 By
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CLAIMS

1. A method for activating a catalyst system, comprising:

exposing a catalyst system to a first liquid activation feed under effective reducing
conditions for at least about 24 hours to reduce an oxidation state of the catalyst system, the
catalyst system including at least one catalyst that comprises a Group VIII non-noble metal
on an amorphous support and at least one catalyst that comprises a Group VIII noble metal
on an acidic support, the effective reducing conditions including a hydrogen partial
pressure of at least about 500 psig (3.45 MPag) and a temperature of at least about 200°C;
and

exposing the catalyst system to a second liquid activation feed under effective
sulfiding conditions to activate the Group VIII non-noble metal catalyst component, while

retaining activity of the Group VIII noble metal catalyst component.

2. The method of claim 1, wherein the catalyst with an amorphous support is a

hydrotreating catalyst.

3.  The method of claim 1, wherein the catalyst comprising a Group VIII noble metal on
an acidic support comprises a dewaxing catalyst with Pt, Pd, or a combination thereof on a

support including a molecular sieve.

4.  The method of claim 1, wherein the catalyst comprising a Group VIII noble metal on
an acidic support comprises a hydrofinishing catalyst with Pt, Pd, or a combination thereof

on a support comprising an M41S family support.

5.  The method of claim 1, wherein the catalyst system is provided in a single reactor.
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6.  The method of claim 1, wherein first liquid activation feed comprises a distillate
boiling range feed with a sulfur content of less than about 100 wppm and a water content

of less than about 100 wppm.

7.  The method of claim 6, wherein first liquid activation feed has a nitrogen content of

less than about 250 wppm.

8. The method of claim 1, wherein the second liquid activation feed comprises a

distillate boiling range feed with a sulfur content of at least about 200 wppm.

9.  The method of claim 1, wherein the second liquid activation feed comprises the first

liquid activation feed spiked with a sulfur-containing compound.

10. The method of claim 1, wherein the effective sulfiding conditions comprise a
temperature of at least about 275°C, a hydrogen partial pressure of at least about 500 psig
(3.45 MPag).

11. The method of claim 1, wherein the effective reducing conditions comprise a

maximum temperature of about 350°C or less.

12. The method of claim 11, wherein the effective sulfiding conditions include a
temperature that is at least about 15°C greater than the temperature of the effective

reducing conditions.

13. The method of claim 1, wherein the effective reducing conditions comprise a

maximum temperature of from about 250°C to about 325°C.
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14. The method of claim 1, wherein the effective reducing conditions include an H;

partial pressure of at least about 1000 psig (6.9 MPag).

15. The method of claim 1, wherein the catalyst system comprises a hydrotreating
catalyst, a dewaxing catalyst that includes a Group VIII noble metal on a support
comprising a molecular sieve, and a hydrofinishing catalyst that includes a Group VIII

noble metal on a support comprising an M41S family support.

16. The method of claim 1, wherein the catalyst comprising a Group VIII non-noble
metal on an amorphous support comprises Ni, Co, or a combination thereof on an

amorphous support.

17. The method of claim 16, wherein the catalyst comprising a Group VIII non-noble

metal on an amorphous support further comprises Mo or W on the amorphous support.

18. A method for activating a catalyst system, comprising:

exposing a catalyst system to a first liquid activation feed under effective reducing
conditions for at least about 24 hours to reduce an oxidation state of the catalyst system,
the catalyst system including at least one catalyst that comprises a Group VIII non-noble
metal on an amorphous support, a dewaxing catalyst that comprises a Group VIII noble
metal on a molecular sieve, and a hydrofinishing catalyst comprising a Group VIII noble
metal on an acidic crystalline support, the effective reducing conditions including a
hydrogen partial pressure of at least about 500 psig (3.45 MPag) and a temperature from
about 200°C to about 350°C; and

exposing the catalyst system to a second liquid activation feed under effective
sulfiding conditions to activate the Group VIII non-noble metal catalyst component, while

retaining activity of the Group VIII noble metal catalyst component.
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19. The method of claim 1, wherein the method consists essentially of the two exposing

steps.

20. The method of claim 18, wherein the method consists essentially of the two exposing

steps.



