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HYDROGENOLYSIS PROCESSES AND HYDROGENOLYSIS
CATALYST PREPARATION METHODS

TECHNICAL FIELD

The present disclosure relates to hydrogenolysis processes and

hydrogenolysis catalyst preparation methods.
BACKGROUND

By-product compounds have been identified during the production
of fuel from organic material such as the production of biodiesel from
plant material. Many of these by-products are of low commercial value
but with modification can be of high commercial value. One such
compound is glycerol, which is a by-product from the biodiesel
manufacturing process. Hydrogenolysis of glycerol to yield relatively
more commercially valuable compounds such as propylene glycol can be
performed. The conversion of multihydric alcohol compounds such as
glycerol to polyols such as propylene glycol can be beneficial for at least
the reason that substantial waste by-products of biodiesel manufacturing
process can be eliminated. The present disclosure provides methods for
increasing the efficiency of these types of hydrogenolysis processes and
in particular embodiments, discloses hydrogenolysis catalyst preparation

methods.
SUMMARY OF THE DISCLOSURE

Hydrogenolysis processes are provided that can include providing
a hydrogenolysis reactor having a catalyst therein. The catalyst can
include Re and one or both of Co and Pd. The catalyst can be exposed
to a reducing agent in the absence of polyhydric alcohol compound while
maintaining a temperature of the catalyst above 290°C. The process can
also include contacting the catalyst with the polyhydric alcohol

compound.
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Hydrogenolysis processes can also include providing a passivated
catalyst to within a reactor and exposing the catalyst to a reducing
atmosphere while maintaining the catalyst at a temperature less than
210°C. The process may continue by contacting the catalyst with the

polyhydric alcohol compound.

Hydrogenolysis catalyst preparation methods are provided that can
include exposing the catalyst to a first reducing atmosphere while
maintaining the catalyst at a first temperature to reduce at least a portion
of the catalyst. The first temperature can be the greatest temperature of
the catalyst during the exposing. The method can also include
passivating at least the portion of the catalyst and depassivating the
portion of the catalyst in the presence of a second reducing atmosphere
while maintaining the portion of the catalyst at a second temperature

less than the first temperature.

Preparation methods can also include providing a hydrogenolysis
catalyst and maintaining the catalyst at a temperature of at least about

280°C in the presence of a continuous supply of inert atmosphere.
BRIEF DESCRIPTION OF THE DRAWINGS

Preferred embodiments of the disclosure are described below with

reference to the following accompanying drawings.

Fig. 1 is a catalyst preparation system according to an

embodiment.

Fig. 2 is graphical representation of data acquired utilizing the

processes and methods described according to an embodiment.

Fig. 3 is graphical representation of data acquired utilizing the

processes and methods described according to an embodiment.



10

15

20

25

WO 2009/129325

Fig. 4 is graphical representation of data
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Fig. 5 is graphical representation of data

processes and methods described according to an

Fig. 6 is graphical representation of data
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Fig. 7 is graphical representation of data
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Fig. 8 is graphical representation of data
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Hydrogenolysis processes and hydrogenolysis catalyst preparation

methods are described with reference to Figs. 1-

11.

Referring first to

Fig. 1, a chemical production process system 10 is shown that includes

a reservoir 12 housing catalyst 14. Reservoir 12 is in fl
communication with conduit 16 and conduit 20.
According to example embodiments, reservoir 12 can

uid

be

configured with additional conduits (not shown), for example to provide a

reactant mixture thereto. According

to example

implementatio

ns,
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reservoir 12 can be a chamber that is configured to house catalyst as
well as have the temperature and pressure of the interior of the chamber
be maintained throughout a range of temperatures and pressures.
Reservoir 12 can also be configured as a reactor and as such, the
reactor can be any reactor suitable for use under desired conditions of
temperature, pressure, solvent, and/or contact time. Examples of
suitable chambers include but are not limited to: trickle bed, bubble
column reactors, and continuous stirred tanks, for example. Reservoir
12 can be used in-line in chemical processes and can be effectively
coupled with various additional components of chemical production
processes such as cation exchange columns, distillation columns, etc.,
and can be used in various embodiments of the present disclosure. The
flow of materials such as reactants and/or reducing atmospheres through
reservoir 12 can be manipulated with flow controllers and/or pressure

differentiation apparatuses, for example.

Catalyst 14 can be multi-metallic catalysts such as bi or tri metallic
catalysts. According to example embodiments, catalyst 14 can comprise
one or both of Ni and Re. Via conduit 16, catalyst 14 can be exposed to
a reducing agent. Example reducing agents include H,. Catalyst 14 can
be exposed to this reducing agent in the absence of polyhydric alcohol
reactants such as polyhydric alcohol compounds. According to example
implementations, the catalyst can be exposed to this reducing agent
while maintaining a temperature of the catalyst within reservoir 12 below
about 350°C. Where the catalyst comprises Ni and/or Re, the
temperature of the catalyst can be maintained below 290°C during the
exposing. According to example implementations, the catalyst can

comprise at least about 5% (wt./wt.) Ni.

The remainder of the catalyst can be provided in a solid form on a
support material that is selected to resist degradation under intended

reaction conditions, for example. Such support materials are known in
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the art and may include high surface area oxide supports. Carbon,
zirconium and titanium (especially in the rutile form) may be preferred
because of their stability in hydrothermal conditions (aqueous solutions
at above 100°C and one atmosphere pressure). Supports can also be
formed of mixed or layered materials. For example, in some
embodiments, the support can be carbon with a surface layer of zirconia
or zirconium mixed with catalyst metals. Of this support material,
according to example implementations, 0.7% (wt./wt.) Re may be a part
thereof. According to example implementations, the catalyst can include
from between about 0.7% (wt./wt.) to about 2.5% (wt./wt.) Re.

According to example embodiments, catalyst preparation can
include exposing catalyst 14 to a reducing atmosphere while maintaining
the catalyst at a temperature of from between 265°C and 320°C. The
catalyst may then be passivated via exposure to the atmosphere, such
exposure taking place, for example, during transfer of catalyst from
reduction apparatus to reactor apparatus. Catalyst 14 can then be
depassivated in the presence of a reducing agent while maintaining the
catalyst at a temperature of less than 320°C. According to example
implementatons, where the catalyst comprises one or both of Ni and Re,
during the exposing of the catalyst to a reducing atmosphere, the
catalyst can be maintained at a temperature of from about 290°C to
about 320°C. The depassivating of the catalyst can include elevating the
catalyst temperature from a first temperature to a temperature of less
than 320°C. According to example implementations the catalyst can be
depassivated by exposing the catalyst to a reducing atmosphere while
maintaining the catalyst at a temperature below that which the catalyst
was originally reduced at. Elevation can take place at a rate less than
about 2°C per minute and/or at a rate of less than about 1.5°C per
minute.  The reducing atmosphere or agent provided during this
elevating can include one or both of H, and/or N». According to example

implementations, the reducing agent can be at least about 5% (v/v) H,

5
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or from about 15 % to about 50 % H,, or from about 15% 1o about 50%
H».

According to other embodiments, the catalyst can comprise Re and
one or both of Co and Pd. As an example, this catalyst can be reduced
by exposing the catalyst to a reducing atmosphere while maintaining a
temperature of the catalyst abdve 290°C or between about 290°C and
about 350°C or between about 290°C and about 320°C. The
temperature of the catalyst can be maintained for less than about 12

hours or at least 3 hours or from about 3 hours to about 12 hours.

In this catalyst system, the depassivating can include elevating the
catalyst temperature from a first temperature to a temperature of less
than 210°C. The elevating of this catalyst temperature can include
increasing the temperature at a rate of less than 1.5°C per minute to a
temperature less than 210°C. In accordance with one implementation,
the catalyst can be reduced at a temperature of at least about 290°C and

depassivated at a temperature of less than about 210°C.

According to example implementations, the exposing of the
catalyst to a reducing agent can include elevating the temperature from
a first temperature, such as ambient temperature, to at least about
210°C at a rate of less than about 1.5°C per minute. According to other
implementations, the exposing can include elevating the temperature of
the catalyst from a first temperature of at least about 290°C at a rate of
less than about 1.5°C per minute. The catalyst can be maintained at

temperatures from about 265°C to about 290°C for hours at a time.

According to other example implementations, a catalyst can
comprise one or more of Co, Pd, and Re. Within reservoir 12, this
catalyst can be maintained from between about 260°C and about 350°C
while exposing the catalyst to the reducing agent. The temperature of

the catalyst can be also be maintained between about 290°C and about

6
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350°C. The reducing agent can include both N and H, and the reducing

agent can comprise at least about 4% (v/v) Hs.

Catalyst 14 can be a previously activated catalyst that has
subsequently become passivated, and this passivated catalyst can be
provided to within reservoir 12 acting as a reactor, for example.
According to example implementations, the catalyst can be exposed to a
reducing agent while maintaining the catalyst at a temperature of less
than about 290°C.

In accordance with another example embodiment, hydrogenolysis
catalyst can be provided and the catalyst can be maintained at a
temperature of at least about 280°C in the presence of a continuous
supply of inert atmosphere such as N,. The catalyst can comprise Re
and one or more of Ni, Co, and Pd. The temperature can maintained for
at least about 3 hrs at, for example, 350°C. The inert atmosphere may

be continuously supplied at a rate of about 50 ml/hr.

Catalyst of the present processes and preparation can be made by
incipient wetness impregnation techniques. A porous support may be
purchased or prepared by known methods. A catalytic metal precursor
can be prepared or obtained. The precursor may be prepared, for
example, by dissolving a metal compound in water or acid or purchasing
a precursor in solution. The precursor may be in the form of a cation or
an anion. A typical precursor for nickel may be nickel nitrate dissolved in
water. A typical precursor for ruthenium may be ruthenium chloride. A
typical precursor for rhenium may be perrhenic acid. Each of the
precursor materials may be in liquid or solid form; these particles may
also contain other components such as halides, cations, anions etc. In
some preferred embodiments, organic solvents are avoided and the
precursor impregnation solution is prepared only in water. Conditions for

preparing precursor solution will depend on the type of metal and
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available ligands. In the case of a particulate support, such as activated
carbon powders, the support and precursor composition can be mixed in
a suspension. The porous support is preferably not coated by a vapor-
deposited layer, more preferably the method of making the catalyst may
not have a vapor deposition step. A catalyst metal can be deposited
subsequent to, or simultaneous with, the deposition of a metal oxide.
Catalyst metal components can be impregnated into the support in a
single-step, or by multi-step impregnation processes. In an example
method, the precursor for the catalyst component can be prepared in a
single solution that is equivalent in volume to the measured amount of
solvent that the porous support will uptake to fill all of the pore volume.
This solution can be added to the dry support such that it is absorbed by
the support and fills the available pore volume. The support can then be
vacuum dried in order to remove the solvent and leave the catalytic
metal precursor to coat the surface of the support. Subsequent
reduction can reduce the catalytic material to its metallic state or another
oxidation state and may disassociate the metal from its anion or cation
used to make the metal soluble. In most cases, the catalyst can be
reduced prior to use. After subsequent reduction, the catalyst can be
exposed to oxygen to be passivated. This passivation is quite common
in the art as catalyst is moved between chambers and is exposed to

oxygen to thereby passivate the catalyst.

Upon activation and/or depassivation, the catalyst can then be
exposed to a polyhydric alcohol compound in the presence of a reducing
agent to form a polyol. As an example, the polyhydric alcohol compound
can have n hydroxyl groups and the polyol can have n-71 hydroxyl
groups. The polyhydric alcohol compound can include n hydroxyl groups,
with n being ranging from 2 to 6 hydroxyl groups. The polyhydric alcohol
compound can be an oxygen containing organic compound such as a C-

3 triol. Example polyhydric alchohol compounds include but are not
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limited to glycerol. Additional example polyhydric alcohol compounds

utilized can be sorbitol.

According to example embodiments, reservoir 12 can be
configured as a reactor and conduit 16 can be configured to provide a
polyhydric alcohol compound to catalyst 14 within reservoir 12. The
polyhydric alcohol compound can be provided to this catalyst in order to
hydrogenolyze the polyhydric alcohol compound to form a polyol having
one less hydroxyl group. As an example, glycerol can be the polyhydric
alcohol compound provided to reservoir 12 having catalyst 14 therein
and this polyhydric alcohol compound can contact the catalyst and form
propylene glycol, for example. Preparing catalysts as described herein
can provide increased efficiency with respect to this hydrogenolysis

reaction.

This polyhydric alcohol compound can be an aqueous solution
containing as much as 90% water, for example. According to other
example implementations, the reactant stream 16 can contain as much
as 55% water and/or about 45% polyhydric alcohol compound. This
reactant stream may not contain a basic compound according to example

implementations.

The pH of reactant stream 16 can be less than 7.0, for example.
Reactant stream 16 can constitute the majority of the liquid phase within
reactor 12. Reactant stream 16 can also include a reducing agent, for
example, H.. Reactant stream 16 can be in fluid communication with
reactor 12, and thereby reactant mixture 16 can be exposed to catalyst
14 within reactor 12. According to example implementations, a mole
percent of the reducing agent to the polyhydric compound within reactant

stream 16 can be at least about 35% polyhydric compound.
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Example 1: Ni/Re Catalyst Preparation.

Two catalysts samples can be prepared using 5%Ni 0.7%Re
impregnated on Norit ROX 0.8 carbon extrudate. The samples can be
reduced at the following temperatures: 265°C (catalyst M), 290°C
(catalyst D), 320°C (catalyst E) under a flow of H, and passivated. Each
catalyst can be tested individually by loading into a down-flow trickle bed
reactor. Catalysts D and E can be activated by raising the temperature of
the reactor 2°C/min to 320°C while flowing a 4% (v/v) Hz in N> mixture at
250 sccm  and upon reaching temperature increasing the H
concentration to 100% and holding 2 h. The reactor temperature can be
lowered to 190°C, the gas flow rate can be increased to 450 sccm and
the pressure raised to 1200 psig. Glycerol feed (~40 wt% glycerol, 2.1
wit% NaOH) can be fed to the reactor at a rate of 1.7 LHSV (40 mL/min).

The performance of the two catalysts is shown in Fig. 2. The
sample reduced at the lower temperature demonstrated higher activity,
as shown by glycerol conversion, than the sample reduced at the higher

temperature.
Example 2. Ni/Re Catalyst under batch conditions.

Two catalysts samples can be prepared using 5%Ni 0.7%Re
impregnated on Norit ROX 0.8 carbon extrudate. The samples can be
reduced at the following temperatures: 265°C (catalyst M) and 290°C
(catalyst G), under a flow of H, and passivated. Each catalyst can be
tested individually by loading into a down-flow trickle bed reactor.
Catalysts G and M can be activated by raising the temperature of the
reactor 1.5°C/min to a desired temperature while flowing H, at 250 sccm
and holding 2 h. The reactor temperature can be lowered to 190°C, the
gas flow rate can be increased to 450 sccm and the pressure raised to
1200 psig. Glycerol feed (~40 wt% glycerol, 2.1 wt% NaOH) can be fed

to the reactor at a rate of 1.7 LHSV (40 mL/min). Two depassivation

10
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temperatures can be tested for G, 290 and 210°C. Catalyst M can be

depassivated at 210°C. Results are shown in Tables 1 and 2 below.
Example 3. Co/Pd/Re Catalyst.

Three catalysts samples can be prepared at a metal loading of
2.5%Co, 0.4% Pd and 2.4% Re on Norit ROX 0.8 exirudate. The
catalysts can be reduced at the following temperatures: 260°C (catalyst
J), 290°C (catalyst K) and 320°C (catalyst L) for 3 h and passivated.
Each catalyst can be tested individually by loading into a down-flow
trickle bed reactor. The catalysts can be activated by raising the
temperature of the reactor 1.5°C/min to 210°C while flowing H, at 250
sccm and holding 2 h. The reactor temperature can be lowered to
190°C, the gas flow rate can be increased to 450 sccm and the pressure
raised to 1200 psig. Glycerol feed (~40 wt% glycerol, 2.1 wt% NaOH)
can be fed to the reactor at a rate of 1.7 LHSV (40 mL/min). Data from
the three runs is shown in Table 3 below and depicted graphically in Fig.
3.

11
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In accordance with the processes described herein two catalysts
can be prepared; catalysts H (2.20% Co, 0.47% Pd, 2.39% Re on
ROX) and | (2.83% Co, 0.45% Pd, 2.36% Re on ROX) as represented
in Table 4 below. Table 4 and Fig. 4 demonstrate the data acquired

utilizing these catalysts prepared according to indicated methods.
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Table 4: Catalyst H and 1.

System Conditions F91-2 F91-3
Catalyst UOP H UOP H UOP H UOP |
Reduction 210 °C | JFW 320°C, 210°C | JFW 320°C,
210°C

Hours on stream :16: 69:57:00

Cat. Bed Temp (°C) 190 190 190 190
System Pressure 1200 1200 1200 1200
Lig. Feed Rate (ml/hr) 50 50 50 50
Glycerol Feed | 34.28 34.28 34.28 34.23
Concentration (wt%)

NaO H Feed 2.10 2.10 2.10 2.10
Concentration (wt%)

H2 / Glycerol Molar 5 5 5 5
Feed Ratio

H2 Flow Rate SCCMV

Yo Wi. ReboVery
% Carbon Recovery

Glycerol Conversion 0.68 0.70 0.70 0.79
(By Difference)

LHSV (cc feed/cc cat/h) 1.67 1.67 1.67 1.67
WHSV (g gly/g cat/h) 1.39 1.50 1.50 1.49
Space Time Yield (g 0.36 0.34 0.34 0.40

PG/cc cat/h
Selectivities

PG C Molar Selectivity 0.942 0.947 0.943 - 0.940
Lactate C Molar | 0.013 0.012 0.013 0.014
Selectivity
EG C Molar Selectivity 0.029 0.029 0.029 0.031
Methanol C Molar | 0.010 0.008 0.010 0.015
Selectivity
Ethanol C Molar | 0.002 0.003 0.003 0.000
Selectivity
Propanol (1&2) C Molar | 0.0018 0.0006 0.0012 0.0000
Selectivity

Regarding Table 5 below, twelve hydrogenolysis catalysts
(2.5%Co, 2.4%Re, 0.45%Pd on Norit ROX 0.8) can be reduced and

16
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subsequent to catalyst preparation can be performed in a trickle bed
reactor experiments in accordance with the parameters detailed

below.

Table 5: Catalyst Preparation Parameters

Max Hold o
Expt# Temp Time, ml-c: |2/° Mci?slfltxre Ramp  Passivation nb# SF;'\;;I(I; Run
°C hrs

1 290 3 15 0 standard  standard 32895-40 -36-40 F114
2 290 12 15 0 standard  standard 32895-41 -36-41 F115
3 320 3 15 0] standard  standard 32895-42 -36-42 F102

4 320 12 15 0] standard standard 32895-43  -36-43
5 350 3 15 0 standard standard 32895-49 -36-49 F117
6 350 12 15 0] standard  standard 32895-50 -36-50 F113
7 320 3 5 0 standard  standard 32895-51 -36-51 F122
8 320 3 50 0 standard  standard 32895-52 -36-52 F126
9 320 3 15 2mol% | standard standard 32895-53  -36-53 F106
10 320 3 15 0] 215202?;"(1;: standard 32895-54 -36-54 F119

250°F
11 320 3 15 0 standard 32895-55 -36-55 F121
exotherm

12 320 3 15 0 standard  standard 32895-56 -36-56 F108

Each catalyst can first be reduced and then passivated. As part
of the example, a dried 30 cc sample of catalyst containing 2.5%Co,
0.45% Pd and 2.4% Re on Norit ROX 0.8 extrudate can be loaded into
a down-flow trickle bed reactor. A 250 sccm gas flow of H, can be
initiated and the catalyst depassivated by raising the temperature of
the reactor 1.5 °C/min to 210 °C, for example. The temperature can
be maintained for 12 h and then cooled over 1 h to 190 °C. The gas
flow rate can then be increased to 450 sccm and the pressure

increased to 1200 psig.

Glycerol feedstock (~40 wt% glycerol, 1.0 wt% NaOH) can be
fed to the reactor at a rate of 1.2 LHSV (35 mL/h). In some of the
cases, water can be added during the depassivation to simulate water

roll-up. Typically 50 ml/h and 35 ml/h samples can be taken.

17
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The concentration of the reduction gas at 5, 15, and 50 mol %
hydrogen in inert such as N, can be varied. In each case an aliquot of
catalyst can be reduced 320°C for 3 hours. Comparing the performance
from the series of tests in Figure 5, the baseline concentration of 15 mol
% seems to yield the highest activity for the conditions tested. The
results of runs F122 and F126 can indicate that using a 5 mol % or 50
mol % hydrogen concentration during reduction can impact catalyst
activity. At the liquid hourly space velocity of 50 ml/hr the performance
difference between the baseline 15% and the 50% hydrogen reduction
can be nearly 12 percentage points. While 15 mol% hydrogen appears
to yield the most active catalyst during reduction, it would not preclude
the use of a hydrogen gradient during reduction to further speed the
process. Effects of Hydrogen Concentration during Reduction on

Performance are depicted graphically in Fig. 5.

The temperature profiles are shown in Figure 6. The 5mol%
hydrogen reduction appears to lag behind when the reaction is
performed at 35 ml/hr glycerol feed, while the 50mol% hydrogen
reduction tests appear slightly ahead of the 15mol% run, but nearly
equivalent. At a 50 ml/hr feed rate, the bed profile for the 15mol%
appears to peak higher for longer than the 50mol% test, which appears
similar to the 5mol% test. Reduction Hydrogen Concentration Effect on

Reaction Bed Temperature Profile is shown graphically in Fig. 6.

Temperature and duration of the catalyst preparation hold time can
be varied on catalysts that all were reduced under 15 mol% hydrogen in
inert. Each of these tests can be performed at baseline conditions at 35
ml/hr glycerol feedstock, while some can also performed at 50 ml/hr.
Results from the test can be shown in Figure 7. Again the primary
differences between catalyst performances were expressed in the

conversion of glycerol only. Selectivity to propylene glycol appeared
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mostly insensitive to the various reduction condition tests. Effects of
Reduction Temperature and Duration on Performance are shown

graphically in Fig. 7.

Bed temperature profiles for these tests are shown in Figure 8.
These appear to trend well against the glycerol conversion data and
analysis. The variations in the apparent location of the exotherm are
due to differences in the location of the catalyst bed in the reactor, rather
than changes in activity. Effects of Reduction Temperature and Duration

on Bed Temperature Profile are shown graphically in Fig. 8.

Preparationé can also be prepared at 320°C, for 3h, with 15 mol%
hydrogen for the preparation of the 2.5% Co, 0.45% Pd and 2.4% Re
catalyst.  Effect of Nitrogen Calcination on Performance is shown
graphically in Fig. 9. Effect of Water Roll-Up (simulated) During

Reduction on Performance is shown graphically in Fig. 10.

A catalyst can be subjected to a 121°C (250°F) simulated exotherm
during the passivation process. The passivation exotherm can be the
only difference between the baseline catalyst preparation and handling.
Effect of Passivation Exotherm (simulated) on Performance is shown

graphically in Fig. 11.
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CLAIMS

1. A hydrogenolysis process comprising:
providing a hydrogenolysis reactor having a catalyst therein,
wherein the catalyst comprises Re and one or both of Co and Pd;
exposing the catalyst to a reducing agent in the absence of
polyhydric alcohol compound while maintaining a temperature of the
catalyst above 290°C; and

contacting the catalyst with the polyhydric alcohol compound.

2. The process of claim 1 wherein the catalyst comprises Re, Co, and
Pd.
3. The process of claim 1 wherein the temperature of the catalyst is

maintained between 290°C and 350°C.

4. The process of claim 1 wherein the temperature of the catalyst is
maintained between 290°C and 320°C.

5. The process of claim 1 wherein the exposing comprises elevating
the temperature from a first temperature to at least about 290°C at a rate
of less than about 1.5°C/min, wherein the first temperature is less than
290°C.

6. The process of claim 1 wherein the temperature is maintained for

less than about 12 hours.

7. The process of claim 1 wherein the temperature is maintained for

from about 3 hours to about 12 hours.

8. The process of claim 1 wherein the reducing atmosphere

comprises Ho and an inert diluent.

23
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9. The process of claim 1 wherein the temperature of the catalyst is

maintained above 320°C.

10. The process of claim 9 wherein the reducing atmosphere

comprises at least about 4 % H..

11. A hydrogenolysis process comprising:

providing a passivated catalyst to within a reactor;

exposing the catalyst to a reducing atmosphere while maintaining
the catalyst at a temperature less than 210°C; and

contacting the catalyst with the polyhydric alcohol compound.

12. The process of claim 11 wherein the catalyst comprises one or
more of Ni, Re, Co, and Pd.

13. The process of claim 12 wherein the catalyst comprises at least
about 5 % Ni.

14. The process of claim 12 wherein the catalyst comprises at least
about 0.7% Re.

15. The process of claim 14 wherein the catalyst comprises from
between about 0.7% and about 2.4% Re.

16. The process of claim 2 wherein the exposing comprises elevating
the temperature from a first temperature to at least about 210°C at a rate
of less than about 1.5°C/min, wherein the first temperature is less than
210°C.

17. A hydrogenolysis catalyst preparation method comprising:
exposing the catalyst to a first reducing atmosphere while

maintaining the catalyst at a first temperature to reduce at least a portion

24
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of the catalyst, wherein the first temperature is the greatest temperature
of the catalyst during the exposing;

passivating at least the portion of the catalyst; and

depassivating the portion of the catalyst in the presence of a
second reducing atmosphere while maintaining the portion of the catalyst

at a second temperature less than the first temperature.

18. The method of claim 17 wherein the first temperature is between
about 265°C and about 350°C.

19. The method of claim 17 wherein the catalyst comprises one or both
of Ni and Re.

20. The method of claim 17 wherein the first temperature is greater
than about 320°C.

21. The method of claim 20 wherein the second temperature is less
than about 320°C.

22. The method of claim 21 wherein the depassivating comprises
elevating the catalyst temperature at a rate less than about 2°C/min to

the second temperature.

23. The method of claim 21 wherein the depassivating comprises
elevating the catalyst temperature at a rate less than about 1.5°C/min to

the second temperature.

24. The method of claim 21 wherein during the second reducing

atmosphere comprises both Hz, and No.

25. The method of claim 24 wherein the second reducing atmosphere

is at least 5% Ho.
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26. The method of claim 24 wherein the second reducing atmosphere
is less than 50% H».

27. The method of claim 24 wherein the second reducing atmosphere

is from about 5% to about 50% H..

28. The method of claim 24 wherein the second reducing atmosphere
is from about 15% to about 50% H,.

29. The method of claim 17 wherein the catalyst comprises one or both
of Co, Pd, and Re.

30. The method of claim 29 wherein the first temperature is greater
than about 320°C.

31. The method of claim 29 wherein the second temperature is less
than about 210°C.

32. The method of claim 30 wherein the depassivating comprises
elevating the catalyst temperature at a rate less than about 1.5°C/min to

the second temperature.

33. A hydrogenolysis catalyst preparation method comprising:
providing a Co/Pd/Re or Ni/Re hydrogenolysis catalyst; and
maintaining the catalyst at a temperature of at least about 280°C in

the presence of a continuous supply of inert atmosphere.

34. The method of claim 33 wherein the catalyst comprises Re and

one or more of Ni, Co, and Pd.

35. The method of claim 33 wherein the temperature is at least about

350° C and is maintained for at least about 3 hours.

26



WO 2009/129325 PCT/US2009/040695

36. The method of claim 33 wherein the inert atmosphere comprises
Nao.

37. The method of claim 33 further comprising after maintaining the
catalyst, exposing the catalyst to a reducing agent to activate the

catalyst.

27



WO 2009/129325 . PCT/US2009/040695

N\ ~
w4
N\\\dr N *
. ¥ N
**
~ * \\ Eﬂ
N %ﬁk \\b
) I




PCT/US2009/040695

WO 2009/129325

2/11

=g =k

plg

| RRERTAET] INERRERAT] TRUNRURET] NRRNTURRT) KRRRRURERI NNUNY

AWV34LS NOH

O¥¢ 0¢¢ 00 08l 091 O¥L 0cC. 00l 08 09 0)4 0¢ 0
Hﬁ::::::_r:::::::_:;::::;::::L_::::W::_:;::::L_::::T:::_@::::;::::; .
IR

! ! ! ! | ! ! _ ! ! _ ! I
T T e e e e S e 72

L
T e e e e e 2

L e
e B S A M e S S o

_ | | _ _ | _ | ! ! | _ E

I I | | | —

o L
A N e | .1

O Lk
I N A S e T S R IR S =Nolok
@_ma oo_o— o._. 00C! | |“ _T L_q |“ “, L_ﬁ “ _Tm 88°0

NOY4 ommﬁmoz_ di | | | " E
R R e e B e S Tl

| _ ! | _ _ | _ | | _ _ \E

| | | | | -
R O B s o e S

_ _ _ _ IE
B G n_oa ANOOA19 NE 15 A N S o NS S NN | A

(0 don) ANOOATO 194 -o- | | | I
A T Y S SN AU N GO | S

SISvE J10N NOgavD



PCT/US2009/040695

3/11

IlIIIIIIII

LN
ST

, 24h) | _
24h)
24h)

= F74-1 (UOP K
{—e~ F83-2 (UOP |

% F72—-1 (UOP L

|II|[||IIIIIIIIIIIII|

190

185

180

175

200 205 210

195

TEMPERATURE (°C)

4

7 a8

WO 2009/129325

5

6

7

8

9
10

1
12
13
14
15
16
17

-~

(NI) HLd3a a3g



PCT/US2009/040695

WO 2009/129325

4/11

L

IIIIIIIIIII!IIIIIIII

[P FVUS VUL (AT TUUPY PV VUL IR TUURE POV TUUTL Y TUURE FUUUE VUL FOURY TOUTE POUIE YOV AUV TOUT! T VOO
1 _ _ _ _ _ | 1 1 1 _
_ | | | _ _ | | | | | 1l
| | | | _ _ | ! _ | _ L
_ | | _ | | _ | | | _ i
I _ | _ | ! I I I ! ! !
| | _ | | _ | | | _ _ KN
T Ty T TT T ——
_ | | _ _ | | | _ _ _ is
| _ | | | _ | | | _ _ I
| _ | | | | | | | | _ I
_ | | _ _ | | | | | ! e
A S A SN S I I SR I
_ _ _ _ | | | _ _ _ | L
| | | | | | | | _ | | il
_ ! I _ | ! I I l _ _ I
| _ _ | _ ! _ | | | |
_ _ 0 S _ _ _ _ | | | T
B -7 = i TSN T—— =T T
_ ” _ | | | _ B
| NN N _ - 2 B v ol
I _ £ EE ! : . S
| | O G O _ ! _ | | _ | -
' AP - < ) N P (Y I (R IR N R
| | 0o _ _ _ _ | | | 1L
_ | C e e | I _ | _ ! | i
_ _ _ | _ _ | | _ _
_ _ ©oo | _ | _ | | _ |
| | < cc | | | | _ _ | I
T T T T T w1 T T T T T T T
_ | N+ R | _ | | | | | I+
_ | e | | _ | _ _ | I+
| | M N M | | I _ | | | -
_ | Lu_ _ | | _ _ _ | | b
||#||+|i;uqu9||L|||r||%||L|||r|1%||L|||r|
o o; | _ | _ _ _ _ L
| | | _ | _ | | | al
| _ Lm% & | _ | | _ | | [
| _ | _ _ _ _ _ _ _
| _ _ _ _ _ | | _ | T
/s s o S S i st bt ity st B Rt
T T T T T T T T T T T e [ T T T T
N (o] ™~ s @] (@) (@] -— N N) A un (o]
(NI) HLd3a a3g

180 185 190 195 200 205 210

175

TEMPERATURE (°C)

=74



PCT/US2009/040695

WO 2009/129325

5/11

(%o10W 2) ALIAILOFTIS ILVLOVT ‘O3

o =T

000

010

0¢'0

0¢0

0¥0

0G0

090

0,0

080

060

001

ALIAILDFT3S ALAILDTT3S ALINILOT13S NOISYIANOD R
J1VIOVIE 93 9d TOY30ATO P
CH %I0W 0G TH %low 0G ZH %low G ZH %low G ZH %low G| ZH %low G|
y/lw oG y/jw gg ay/|w oG y/ju ge y/jw oG y/jw ge
e TAR Z—8214 e AAR At AA R Z-8014 1—801 4
| 1 1 1 |
7 \
N SN §
ON NN ON
/\\\//\\ //\\\/ \\\//\\\ R &
R R X N NN
N KK N N K
N N N N N
R K A K NA
X, N N, N RN
R K A QUK K
R R X \ R \ PN
AR K A A R
2\
N XK QL XKL L
N SN 2N SN SN
RS WA R L
R R R N RN
X D N IR
N AR QA KK
X > AR
ON NN
\ Rz R

NOILVIINIONOD NIOOHAAH :AAQNLS NOILONG3IY

000

010

0C0

0¢"0

0v0

0G0

090

0,0

080

060

00°L

(%°l10W J) ALAILDTTAS 9d ‘NOISYIANOD TONIDATO



PCT/US2009/040695
6/11

WO 2009/129325

P NN N
AN ~AON AN .~
e D
___________________________Iollol _____._________
= ||4||J|||7||ﬁ||4||AuW oAuW err——71 - T
| _ _ _ _ i mmmmmm_ _ i _
B _ | | | _ 0 oo ol | _ _ _
_ _ | ] i | — WO~ | | _
| _ _ _ _ R _ _ _ |
4 1l |l e cccc|l || 1__ |
_ | | | _ | DINDSISIYNY _ | |
_ _ _ _ _ _ EEEEEE|I _ _ ]
1 ~ | ! ! 1033339 _ _ I
_ glf _ [ _ ARSI I ! _ _
| \ _ _ | | _ _ _
TN T T T S S
RN ~ I o~ ©oo~ ol ! _ _
1 - NN _ ! ONNONN| | _ ! _
% "\ _ I el nl i il B ! _ _
“ | _ _ ] | _
/ 11| N I Y N I | I
4 11 1 N _ _
11 1 - | _
T T f | |
_
_

]/

T

)

|
| [
| | |
_ _ |
SN PSR [

!
[
I
!

M =

|
I
l______%_____l___

0—
1
2
3
4
5
6
7
8
9

10

12

(NI) HLd3g a3g

196 198 200
/=

194

7

192
TEMPERATURE (°C)

188 190

186



PCT/US2009/040695

ALIAILOFT3S 3LVLOVT ‘93

WO 2009/129325

ALIAILLOFT3S

e ALALOFTISISSY ALALOTTIS NOISYIANOD 5
=z 7 JLVLOV]

93 odl’/) 10430419 B

YZ1°0 0GE YZL'D 0SE YD 0GE YZL'D 0ZC UZLD 0TS US‘D 028 USD 0ZS UZLD 06Z USD 06Z
UY/IW0G 4Y/|W Ge Uy/lw G y/jw 0 Y/jw GS 4Y/jw 06 UY/|w Ge Uy/|w Ge 4y/|w ge
c=¢Lid  1-€Lld =114 Z—/2ld L—-/Tl4 0lL-20l4 2-20ld Y¥-GlLld Y—PL14

000 | I | ] | i ] l | 000
0L0 / % oL0 o
|A
0¢0 0Z°0 w
N =
. .
0£°0 7 \\ W\ = A Z oy 1050
K K Q A \¢ K K W X @)
P \\\ ) ? > O > N > o
S KA AN K N A N K Z\ =
0¥°0 % % 2 R % % 2 X A-0v0 2
& X S X ¢ A < X \
& RZ R R X R Q R & o
wol AL DL D N AL O O P8
A N A A N 2
R 2 ~IZ Y % X YIRZ 1.
0901V X Y % 2 S TR T@0 3
> ) N N/ N 2\ N N7
040 % X & & % X & Q020 M
R X 2 W ¥ o
N W \5 N W S m
2N 2N > N N N
0 4 A & % R RS X " 3
08 X 7Y AR X A 080 =
A 2 A & RA 2
. N N N .
060/ /) —) g 7 7 /10670
00°1 00°L

JdNIVYIdANIL ANV JAIL “ADNLS NOILONd3Y



PCT/US2009/040695

WO 2009/129325

8/11

I_
I
|_
|_
I
I
I
F

)
)
)
3

=
|
|

)h)h)h\ln}hh
cNCNCNFNN
OO0V UOCTU
coocoocoloo
SONNNDANDH
NNy
’’’’’’ C -
hhhhhhAh
SIS E
mmmmmmOmm
NOOODVIDD OO
M MMM MDD D
((/\(((O((
MR MM
FONNNMANNN
——ON~—+—ON —
oG Lo Lo b bo o Lo b
T N
111 P Lo
P11 P

11 ]
11 Lo
11 tlo
| T |

S

S L —
|
|
|
I
!
|
——— a1
|
I

S [l

I I I | I [ | I l I [ 1 I 1 I 1 I
198

192
TEMPERATURE (°C)

I I I 1 1 I I I 1 i l T

200

196

194

188 190

186

)=

/A



PCT/US2009/040695
9/11

WO 2009/129325

 ———— ALIAILOF3S ALIAILO3F13S ALIAILOFTAS /4 NOISYIANOD \\//\\\
[ = 7T I JIVIOVIE 93 9d TOY3OATO 27
auljespg sinoy ¢ Joj O 0GE P UOnDUIdID) eN
(y/1w 0G) (y/1lw gg) (y/jw 0g) (U/lw gg)  (y/jw og) (u/1lw g¢)
¢—8014 }—8014 0l-¢0l4 ¢—¢014 ¢—6114 ¢—6l14
. _ I | | | _ .
000 000
S
10°0 ol0 I
o
o : o~
200 0¢°0 o
c S
Q ¢00 R V//\\v,// 0£°0 a
> N A2 N NN IO 3]
m K R KL K R D
¥0°0 N PN X I PN ovo &
% S AR A N S S
m KK N G UK N :
— X N RN X XN
M GO0 K K NN K ‘N 0G0 ©
') N PIN N N XN i)
= KK ‘NN ‘N NN KK
= X P IR X N
= K ‘NN ‘N KK KK n &
900 X XX RO X XN 090 m
= W K o W o B
— A L A K K O
S R R RA X R 02
£0°0 A SES N W S 17040 =
R, % ooy ¢ R X% =
3 K K N0y ¢H NAR KK ‘NN
) N XN e N WY N M
S 200 N N 1:G°¢ K K K :
¥ R R R R 08°0
! N SN S S o
K X K 5
60°0 L (K 060 3
3
0l0 001 <

NOILVNIOTVO N3IOOHLIN ‘AdNLS NOILONA3Y



PCT/US2009/040695

10/11

WO 2009/129325

ALIAILOFT3S ALIAILOF T3S ALIANILOFT3S Y~ 1 NOISHIANOD R
g = 77 A1VIOVE: E od TOY30A19 B2
ouljespg uononpsy buunp Jsaypp %sjow g
(4u/1w 0G) (u/lw ge)  (y/1w 0g) (u/lw se)  (u/lw 0g) (/1w gg)
¢—8014 |—8014 0l—¢0l4 ¢—¢0l4 ¢—9014 ¢—9014
000 : : : _ 000
O
S
10°0 010 i
@)
S 200 0
£ 0¢'0 o
> S
SRAVRY X .
> = 77, R N, N//M\N// X \ M\N/w\\ 0 m
= LK KK < X KK KK
™ 400 R R N X R RA—-0v'0 2
% S M S S S SH e
= A R 20 R AR R .
G500 A R X X AR 24 [0S
2 PR N N X N X
< . AN NAQ QUK R KK KK 2]
RO RO XX DX X X, m
o) X A R R R o i S
L0°0 K 9 XK W KR 000 2
3 A G ooy CH KK R SR =
NN WONZN - N NN O M
o K G |:'G'¢ R KL GRK
o 80°0 \ SN NN N 080 ~
QA Y KK
> SN N N o
~ KL /mv\\/// G 3
60°0 Z 060 o
%
. [+)
010 00| <

dN—=TI0Y ¥3LVM AQNLS NOILONA3IY



PCT/US2009/040695

WO 2009/129325

11/11

(%elow Q) ALIAILOTTIS ILVIOV] ‘O3
8
(@)

000

-
<
o

o
<
o

M
<Q
o

d—
Q
o

©
<
o

I~
Q
(@

o)
Q
o

o))
<
o

010

ALIAILDF3S ALIAILDFT3S ALIAILOT3S NOISYIANOD PP
g7 L= g AIVIOVIE 93 9d TOY30ATO X2
suljesbg wJsyjoxs uonpaissod papinwis (4,062) 9,121
(y/1w 09) (y/1w g¢) (4y/iw 0G) (y/ 1w g¢) (dy/1w 0g) (/1w Gg)
Z—-8014 1—8014 0L—2014 Z—2014 y—1214 c—1Z14
] ] ] |
NN /\\M/\\\ QKK N
N OVON NN ON ON NN
K K NN K % R
N XN RN N2 N NN
S A SN S W N
R R RN R R R
W S D NS W N
S5 K SN ™\ SKY S
K K KA KL K K
. R R R RO R
W NN S Y " N
X 2 R R R X
NN NN N SN A N
X, % N X, Y, %
S K K S S SN
R K ooy ¢ A KK A
KL KK oy CH RK K K
Y IR 1:G¢e X R XX
R KA R
R R R
\\/V\\ \ NN

ANYIHLOX3 NOILYAISSVd ‘AQNLS NOILONQ3Y

000

o
o

0¢°0

0¢'0

0v 0

0G0

09°0

0L0

o
®
o

o
@
o

(%810W J) ALIAILOFTAS 9d ‘NOISYIANOD TONIIATO

)

00°1



	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - claims
	Page 26 - claims
	Page 27 - claims
	Page 28 - claims
	Page 29 - claims
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings

