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CATALYSTS BACKGROUND OF THE | NVENTI ON [ 0001] The
wonremasedibnventi on relates to nethods for the eETAISRS/034752

activation and passivation of catalysts. In

particul ar, these nethods relate to supported noble

nmet al cat aI ysts on nmeso-poroug or zeolitic naterials.

These techniques also apply to all catal yst that

absorb water and use supported nobl e mat als. [0002]
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to prevent damaging highly dispersed noble metals. Commercial plants have a
variety of treat gas compositions and limits on minimum operating pressures and
purge gas rates. Therefore, for large catalyst volumes, in-situ activation can last
for weeks and the success relies heavily on accurate treat gas dew point
measurements, which can be quite unreliable. Also, Nitrogen for drying is not
always available and the large volumes needed for adequate drying may be

prohibitively expensive to purchase.

[0003] Ex-situ reduction and dry passivation eliminate the need for
extensive in-situ treatment. This reduces start-up time and eliminates the
potential to damage noble metal dispersion during commercial in-situ reduction

in the presence of moisture.

[0004] Currently, most noble metal catalysts are loaded into the reactor with
the metal in the oxide form and then the noble metals are activated/reduced in-
situ in the commercial unit. As mentioned above, in-situ activations can last for
weeks and the presence of excessive moisture during reduction can significantly

damage noble metal dispersion. For limited applications, the noble metals are
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[0006] In a preferred embodiment, the supported metal catalyst is palladium
and platinum supported on MCM-41 bound with alumina, which is described in
U.S. 5,098,684.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] Figure 1 shows a comparison of the performance of a palladium and
platinum supported catalyst that was reduced in-situ versus ex-situ according to

the present invention as in Example 2.
[0008] Figure 2 shows the catalyst performance of Example 4.

[0009] Figure 3 shows the air passivated catalyst performance of Example
4,

[0010] Figure 4 shows the oil pore-filled catalyst performance of Example
5.
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[0012] Ex-situ reduction and passivation will reduce start-up time and
eliminates thé potential to damage noble metal dispersion during in-situ
reduction in the presence of moisture. While ex-situ passivation of reduced
catalysts in excess oil or wax has been practiced commercially, dry passivation
with air or by oil-pore filling is novel and offers the advantage of a free flowing
catalyst. Further, pilot plant data show that ex-situ reduced and dry passivated
catalysts have equivalent performance as catalysts having been subjected to a
controlled in-situ drying and reductions step using completely dry gases. The
method described in the examples below is for palladium and platinum

supported on MCM-41 bound with alumina.

Example 1: In-Situ Reduction

[0013] The catalyst comprises 0.3 wt% platinum and 0.9 wt% palladium
supported on MCM-41 bound with alumina. Platinum and palladium are highly
dispersed on the surface of the catalyst support by first absorbing onto the
support an aqueous solution of platinum and palladium tetrammine nitrate. After

metals coating, the support is dried and then calcined in air to decompose the
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nt Drying
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[0015] For some limited applications, the noble metals can be reduced ex-

situ and the reduced catalysts immediately immersed into excess oil, wax, or
other liquid (in an inert atmosphere) to passivate the noble metals. However,
catalysts immersed in excess liquid are very difficult to handle and are only
useful for single bed reactors because they are impossible to load into most

multi-bed reactors.

Example 2: Ex-Situ Reduction and Passivation

[0016] In ex-situ reduction, the supported noble metal oxides are first dried
and reduced in a single step in the presence of a mixture of hydrogen and inert

gas in a rotary calciner. As shown in Table 2, oxygen chemisorption results on
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volume. Reduced catalyst samples passivated with oil could not be analyzed by

oxygen chemisorption.
TABLE 2

Metal Dispersion of Ex-Situ Reduced Catalyst

Oxygen Chemisorption, O/M |
Passivation Medium Nitrogen Air
H, Treatment Temperature Prior to
Chemisorption
- None 0.70 0.01
-35°C 0.69 0.65
-50°C 0.76 0.72
-250°C 0.68 0.68

Example 3: Evaluation of Ex-situ Reduced and Dry Passivated Catalysts

[0019] The reduced and passivated catalyst samples from Example 2 were
loaded into a pilot plant reactor and the performance of each catalyst was
evaluated for hydrofinishing a hydrotreated 600N dewaxed oil. The dewaxed oil
was previously hydrotreated to reduce the sulfur content to about 200 wppm.
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(Iieeevilige%roil. In this case, the catalyst was loaded using the same procedure and
then dried in nitrogen at 260°C, cooled to room temperature, reduced in dry
hydrogen at about 260°C, and then cooled to 150°C. This sequence represents a
"best case" for a perfect in-situ reduction of the noble metal catalyst. Then oil

feed was introduced and operating conditions were adjusted as described above.

[0022] Product quality as defined by aromatics, sulfur, and nitrogen
contents was monitored daily. Aromatics were measured by UV absorption
(mmoles/kg). Total aromatics as a function of time on stream are shown in
Figure 1. As shown, the initial aromatic saturation (arosat) performance of all
ex-situ hydrogen reduced and passivated catalysts are equivalent to, or better
than, the in-situ reduced catalyst. Further, the samples that were ex-situ reduced
and dry passivated, either with air or by filling the pores with oil, had better
aromatic saturates performance than the ex-situ reduced sample that was

passivated by immersion in white oil.

Advantage of Dry Qil Over Air Passivated
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conditions. In addition to passivatjon
against which air and oil passivated catalyst performance was compared. The

noble metal catalyst in its oxide state was subjected to a drying step (140°C) and
a reduction step (220°C) with wet gases containing about 2.2 psia water partial
pressure. Previous studies have shown that under these reduction conditions

metal sintering will occur resulting in a lower performing catalyst.

[0026] Towards the end of the wet gases treatment, and as the unit
conditions were changed, the catalyst was subjected to an increase in water
partial pressure to 3.5 psia for about 1 hour, at 150°C, prior to switching to dry
hydrogen. The unit pressure was then slowly increased to 2000 psig operating
pressure, and the dewaxed oil was introduced. Subsequently, reactor temperature

was increased to the operating temperature of 220°C.

[0027] In addition, catalyst performance was again compared to the
performance of the oxide catalyst that was dried and reduced using the
conventional pilot plant start-up with dry-gases. This catalyst was dried in N, at
150°C and reduced in H, at 250°C for 8 hours.
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Example 5: Air and Qil Pore-Filled Passivated Catalysts

[0029] The air and oil pore-filled reduced and passivated catalysts were all
subjected to wet-gas treatment. Two reactors were loaded with the air-
passivated catalyst. One catalyst was subjected to a 2 hours drying step (140°C)
and a 16 hours reduction step (140°C) with wet gases containing about 1-psia
water partial pressure. The second air-passivated catalyst was directly reduced

with wet hydrogen at 140°C for 16 hours, eliminating the drying step.

[0030] Two other reactors were loaded with the oil pore-filled passivated
catalyst in, either extrudates or crush form. The two reactors were maintained
under a static dry nitrogen pressure (200 psig) while the other catalysts were
treated. Wet hydrogen (1-psia) was processed over the oil pore-filled passivated
catalyst for about 4 hours at 140°C before switching to dry hydrogen gas.

Results

[0031] Figure 3 and Table 4 indicate lower performance of the air
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[0034]

Figure 4 and Table 4, show that oil pore-filled passivated catalyst

performance is similar to that of the oxide catalyst of Example 4 dried and

reduced following the conventional pilot plant procedure, using dry gases. These

results would indicate that no significant metal sintering occurred and that the

active metal was fully accessible for the hydrogenation reaction.

[0035]

and the crush catalysts could be a result of a better packing when using crushed

The small performance differences observed between the extrudates

catalyst in the small diameter reactor or perhaps mass transfer restrictions.
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show that oil pore-filled passivated catal yst

per f or mance i A prbedssdor ex-sithatdwtionmdakiydrssiattiby of a
of Exanple 4 dried and reduced follow ng the

suppodad nwetall cagalystthaylingpoes sosyuséng usi ng dry gases.
These results would indicate that no significant netal

sintering occ&grq@d@(ﬁggtsgﬂtcattg]?s@ct ive netal was fully
accessi ble for“the hydrogenati on reaction. [0035] The

smal | perfor ce differences serv bet yween .

ext r udat es a%gt HASEVE E%{ﬁé“la)%gys? 5@ gﬁ?tosaﬁ‘ﬁ%%tawég geftpams dry
of a better packipg ghefowsidd crushed catalyst in the
smal | diameter reactor or perhaps nass transfer

restrictions. CLAINMS: 1. rqcess for .ex-situ .
reduct i on 4and 91'%9%%?@@?&8& Wﬁe@l%%géFi%n%EeQI 18

cat.al yst. havi j sing (a) reducing said

H:eéf ?tmqg%}’p%ﬁ‘g‘{@’g?f‘ﬁggé% d catal yst so that said
catalyst remains dry and free flowing 2. The_ process )
of clai m B.whBheprpcess af eletmdi whereinpaid step of passivating said

catalyst includes the step of cooling in an inert atmosphere.

4. The process of claim 3 wherein said inert atmosphere is

nitrogen.

5. The process of claim 3 wherein said step of passivating said

catalyst includes the step of filling said pores.
6. The process of claim 5 wherein said pores are filled with oil.
7. The process of claim 6 wherein said oil is white oil.
8. The process of claim 6 wherein said oil is paraffinic oil.

9. The process of claim 5 wherein said pores are filled with low
sulfur distillate.

10. The process of claim 5 wherein said pores are filled with air.

11. The process of claim 1 wherein said metal catalyst is a noble

metal catalyst.

12. The process of claim 1 wherein said catalyst is palladium and

platinum supported on MCM-41.



performed in the presence of hydrogen. 3. The process

of claim1l wherein said step of passivating said
woab@logsdici ncl udes the step of cooling in an i RETUS2005/034752

at nosphere. 4. The process of claim3 wherein said

inert atnosphere is nitrogen. 5. The process of claim

3 wherein said step of passiygting said catal yst

i ncludes the step of filling said pores. 6. The

process of claimb5 wherein sajd pones,%re filled with

oi | . 7. ThE3.plbepsecess ogpﬁm lewheeie spidsdgniobpassivating said

ite oil.. 8., The prpcess of claim@ wherein said oil .
PSe Bbide e tBeP 6P SR e e mBRh e Bridfrsporin to air.
said pores are filled with I ow sulfur distillate. 10.

The process of claim5 wherein said pores are filled
wth air. 11. The process of claim1l wherein said
netal catalyst is a noble netal catalyst. 12. The
process of claim1l wherein said catalyst is palladium
and pl ati num supported on MCM41.1S. The process of
claim1l wherein said step of passivating said catal yst
i ncludes the steps of cooling in an inert atnosphere
and exposing to air.



