- WD 2006/ 039316 PCT/ US2005/ 034752 -1- EX-SI TU REDUCTI ON AND DRY PASSI VATI ON
OF NOBLE METAL CATALYSTS BACKGROUND OF THE | NVENTI ON [ 0001] The present

i nventi oRypehdlBsE0 methods for the ex-situ activati onpeppdRassiyati on of
catalysts. In particular, these nethods relate to supporte nobl e net al
catal ysts on nmeso-porous or zeolitic materials. These techniques also apply
to all catalyst that absorb water and uge supported noble netals. ( [0002]
In-situ nitrogen drying and hydrogen réduction of noble nmetal catalysts is
sonetinmes difficult to inplement in comercial plants. Catalysts nust first
be conpletely dried under inert asa&gz and then the water parti al

pressure nust be mai BKabHdd R DYk 1T WMYMSSW&H%\Ihydrogen
sreduction to prevent danffi NOBLEMNETAIsOCAREDYSME e netals. Conmerci al

pl ants have a variety of treat gas conpositions and limts on mni num
operating [ \res an m&ﬁ&ﬁ Therefore, for |arge catalyst

wvol unes, iBAGKEGRIGNILO r weeks and the success relies’
heavily on accurate treat gas dew point mneasurenents, which can be quite
unr el i abl ejg0dliFo, NHe p@setiiaverdion riestonaethods Woy theassasifipbétevaiod t he | arge
vol umes needed for _ad%&uate drying may be prohibitively expensive to

pur chase. foDp@sivBsioniatwatadyliet hopariculatythegrmsthodsirolateta suppatiedt he need
for extensive in-sity treatnment. This redyces start-up time and elimnates

the pot en@QRlp mes yais panesarpraus o Zeekids arteralsnd hesmiashBigEes i n-sit u
reduction 4in_the.presence o I sture. [ 0004 rrentl nost ., nobl e net al
catal ysts %}F%@@X&g& '(?ﬁt%[y%t a@@{%y&/a\’r’ﬁrﬁq qshé%@f’ﬁ?& pﬁb][eﬁge "de form and
then the noble netals are activated/reduced in- situ in the commercial unit.

As ment i ond#02bove Inistusiitroger diviagiand drydeogenasdudioon ofveelde metdl t he presence

of excessive moisture during reduction can significantl
catalysts 1s sometimes dgllfficu t to implement in c%mmerclal plg’nts. Catalysts

must first be completely dried ymder inert gas (N;) and then the water partial
pressure must be maintained at extremely low levels during hydrogen reduction
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

4 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 -
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



damage nobl e netal dispersion. For limted applications, the noble netals
are WD 2006/ 039316 PCT/ US2005/034752 3, 2 activated ex-situ and the reduced
cat al yst | WO mfedivateel y i nmersed into excess oil, wax orrdivupzi@34isn an

i nert atnosphere, to passivate the noble netals. However, catalysts

I mmersed in excess liquid are very difficult to handle and inpossible to

| oad into nost nmulti-bed reactors. SUMVARY OF THE | NVENTI ON [ 0005] The
present invention is a process for the eX-situ reduction and dry

passi vation of a supported noble netal catalyst including a nmesoporous or
zeol i ti c rmatetivated e signand ke radvicad eatal ysé isimapsdiotely samedtaed iie esegssl yst and
passi vating the cat @lgé?ji i n the absence of excess quuich. In one preferred
enbodi ment , OHhWax &8 higuiflse By 241 {nsrt atasphge, tpassyats heohlamatalst nosphere, ¢
and then exppsed to ai,r. tn another preferr.aed enbodi.pent,. .the pores of the
feduced carniet abiits iiRagPd Bl e Bl Ge RSP R e 8 e onty
the pores a ) 4t ' : ¢ remains dry and free flow ng. '
[ 0006] In alhg g%%}%llﬁzgl@r%gg?#eoﬁ I,ﬂﬁ?tf!lg)%gg%%cgﬁséd nmetal catalyst is palladium
and pl atinugﬁugo \E{'ezg o v 41 bound with alum na, which is described in
U S. 5,098, S HE DRAW NGS [0007] Figure 1 shows a
conpari son of the performance of a pall adiumand platinum supported

catal yst thqg00sys r ethie prbsemt-iventioneissdiproe¥sssior thaegalitdirsdudtion ddibdmr esent

i nvention as in Exanple 2. [0008] Figure 2 shows the catalyst performance of
Exanpl e 4. [passedtiofi efie sippostedumbldmetsd] catadpst incltdidgcamebysiropeof or nance of

Example 4. [0010] Figure 4 shows the oil pore-filled catal yst perfornmance
of Exanpl e zeolitic mafrix. The process includes the steps of reducing the catalyst and

passivating the catalyst in the absence of excess liquid. In one preferred
embodiment, the reduced catalyst is first cooled, in an inert atmosphere, and then
exposed to air. In another preferred embodiment, the pores of the reduced
catalyst may be filled with oil in an inert atmosphere. Since only the pores are

filled with oil, the catalyst remains dry and free flowing.

[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,

10010] Figure 4 shows the oil pore-filled catalyst performance of Example
5.



5. WD 2006/ 039316 PCT/ US2005/ 034752 -3- DETAI LED DESCRI PTI ON OF THE
PREFERRED EMBODI MENTS [0011] The present invention is a nethod of ex-situ
acti vat i onwan@ogkiayzigpassi vati on of supported nobl e netal P@ﬁﬁh%ﬁh&ﬁz—rhe

‘met hod conprises a two step procedure. First, the supported noble netal
oxides are first dried and reduced in a single step in the presence of a

m xture of hydrogen and inert gas. Second, the reduced catalyst is dry
passivated by cooling in an inert atnosphere and then exposing to air or by
filling the pores of the catalyst with a ultra low sulfur mneral oil

bef ore expBETAILERDESOREP PGS IORTEE PREFERREDERIBOPIKENTSr ee fl ow ng

and canf be easily | oaded 1| nt](c) a commercial reactor, heat eddl n hyflro]gendto
. & i i vati . ' ,
w thout g e TRl BT PRt bl AR BBl Ve on v 1

reduce st ar%a'usk'iﬂraﬁbﬂ%f gﬁﬁ%oﬁérd 133151@51‘?&21? élﬁ’alﬁ%.e NthedhefhBd$amRAfe0aklve, et al

di spersion ‘during in- eduction in the presence of noisture. \Wile
ex-situ pasgbypidcetus FiedugRGuppaited Moble rhetabygiess afd firstdris@dnbas been
practiced comercially, dry passivation wth air or by oil-pore filling is
novel and aofeflecsi inhesiagleesiepgetlefprasdnce of ilmwnitmy ofdatdadbgemt and-inerthgas, pi | ot
pl ant data show that ex-situ reduced and dr%bpassi_vat ed  catal ysts have

¥

equi val ent Proondr thereduces epdaliptisdsy pasaivrie® bxwosling ée o dnerbatnosphate ol | ed

doser Egﬁr e ExnRPE L s ty:e 18 R R RRR b sl Al o?ftelﬁ"gn |
MCM 41 ] ' L n-9 | 0
comr i ses 0ol BN o BB palt P e bRRbeRATHA i 21 Botna

With al um ngee ﬁbﬁ’iﬂ%‘h‘% @éi?b@%béiggio'dﬂé&hﬁo Hi&%gr&il%ﬁétéﬂ%eﬁfédtiﬁe surface of

t he catal yst suppor first abbsorbing onto

hydrogen to remove free water & oxygen of passivation, and then started on oil

feed, without any further treatment.

[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



support an aqueous sol ution of platinumand palladiumtetramm ne nitrate.
After metals coating, the support is dried and then calcined in air to
deconpose t WO WO/2POBY 039316 PCT/ US2005/ 034752 -4 t et r amugrass20éaByisng
behind finely dispersed platinum and pal |l adium oxides. Prior to use, the
catal yst nmust be activated by reducing the platinumand palladi um oxi des

w t hout danmagi ng netal dispersion. [0014], Current practice is to |oad such
nobl e nmetal catalysts into the comercial reactor and first dry the
catalyst in nitrogen and then reduce the noble netals in hydrogen. As shown
in the Tabl etetrapuhings, keteingdrehingdsfinely sispsesedqdapremangd palladinmwxidesit gas
such as nitrgQgen prior. to reductiqn and W%ter partiatilelpgressure nmust be

mai nt ai ned abTieki0 e e sasalysiopusibepActivated Ripredusing Y a0d pr event
damagi ng the_dispersion of -t he nobl e netal:s,. wWhi.le the tenperature nust be
r Tenst 1o0Rstgtn N ecithaS el B Ra £ 1 BT ect of Drying
Condi tions Drying Hydrogen Reduction | Dispersio n Tenp, Tine Wate Tenp
Time, Water [00W]C , Gurrent prséetice i€tdtogossucBmobdsafetal catalysts intoghe@40 9 0. 09
0.60 Insufficie 88 2 6 229 6 0.01 0, 26 ft Drying H gh P1120,84 22 6 237 10
0.3 0.37 [ ooesmmessiabisaetorianddasgt diyihe safehshm nitmgensmddhen reducedhea be

reduced ex- situ and, t.he reduced, catal ysts i diigtel y jmrersed intq excess
o 1 wax or SR RIS RYARES: o Srany Tk o e L TR RSP ob o
EEt al's. HO""EX&hglqtéWtcﬁie\isihﬁnél‘i’EEé SRA dshifr$§&T pribt B elulfi6n WREXvalbf farfit] ¢ tO
andl e and are only
pressure must be maintained at extremely low levels during hydrogen reduction
to prevent damaging the dispersion of the noble metals, while the temperature

must be at least 150°C to fully reduce the noble metals.

TABLE 1
Effect of Drying Conditions

Drying Hydrogen Reduction Dispersio
n
Temp, | Time | Wate | Temp | Time, | Water oM
C ,hr | r,psi ,C hr . psi
Successiul 85 12 0.09 240 9 0.09 0.60
Insufficie 88 2 6 229 6 0.01 0.26
nt Drying
High Pyao 84 22 6 237 10 0.3 0.37
[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



useful for single bed reactors because they are inpossible to | oad into nost
mul ti-bed reactors. Exanple 2: Ex-Situ Reduction and Passivation [0016] In
ex-si tu regwciohadesiche supported nobl e netal oxides are bprgls26dsioeds2 and
“reduced in a single step in the presence of a m xture of hydrogen and inert
gas in arotary calciner. As shown in Table 2, oxygen chem sorption results
on WO 2006/ 039316 PCT/ US2005/ 034752 -5- the nitrogen bl anketed sanpl es
following ex-situ reduction in a rotary “calciner show that the catalyst was
fully reduced with no aggl oneration of noble nmetals. [0017] The
ai r - passi vathediittager plahketad spmpiarfetlobyng exisitngedinatiorethac edarycericihgist i n
nitrogen and then slowly exposing the reduced catalyst to air_at room
t-enper at ur eshavnthahthe eatalyst way @d%’ resluged witheap agglonicratienobngble meialsace
preventing oxidation of the reduced noble netals. Oxygen chem sorption
measur enent [0010] 01 O'N aispaveivated Tatalyet Haspiepate dytdoalinghike fadiiced met al
sites are covered wth oxygen. Further, chem sorption experinents also
i ndi cat e t hedtalysieinoxtrdgen sndthenglowty dpositg the nedneadechtalystterair at dodm
conditions (>35C in hydrogen) to expose fully reduced and highly dj spersed,
active nohl €mnstaires 1p #ys sepo oBYLerHIS ﬁ@rbﬁarom the eafalystsirfacedueantmigy st was
prepared, under..ine a 2 usi oi | re-filled passivatjon
t echni que. ﬁ)}ﬁ%@%@%oiﬁgg'yaﬂ%%\l@%lﬂgpneé%gdéxym Eﬁel&lslorml gﬁagﬂe{n&n{ he reduced
catal yst togd4 9 C I sanpl es
passi vat ed @'?Lbél?ﬁ%géﬁal{?g{b%g?%ﬁg@ggghc?\fgi;élﬂg‘?(lfg@g%ﬁgﬁgﬁ %%?:Biéléltgﬁ TABLE 2
Metal Di spegsthQRygén ERusthér) cﬁeﬁﬁlﬁfgti&ﬁé@etﬁheﬁs QscHHEEaOhat HRo Y
Passi vati on Medi um Nitrogen Air Treat nent Tenperature Prior to

coating can be easily removed at very mild conditions (>35°C in hydrogen) to

expose fully reduced and highly dispersed, active noble metal sites.

[0018] The oil pore-filled passivated catalyst was prepared, under inert gas
{(N2), using a oil pore-filled passivation technique. In this case, medicinal grade
white oil was added to the reduced catalyst to fill about 95% of the pores
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 [
h Passivation Medium _ Nitrogen Air
H, Treatment Temperature Prior to
Chemisorption
- None 0.70 0.01
-35°C .69 0.65
-50°C 0.76 0.72
- 250°C 0.68 0.68

Example 3: Evaluation of Ex-situ Reduced and Dry Passivaied 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.



Chem sorption - None 0.70 0.01 - 35C 0.69 0.65 - 50C0.76 0.72 - 250C
0.68 0.68 Exanple 3: Evaluation of Ex-situ Reduced and Dry Passi vated
Catal ysts YWODM93/03PRE reduced and passivated catal yst sanpt@zuS2navnsBsanpl e 2

were |oaded into a pilot plant reactor and the performance of each catalyst -

was evaluated for hydrof m shing a hydrotreated 600N dewaxed oil. The
dewaxed oil was previously hydrotreated_to reduce the sulfur content to
about 200 wppm WD 2006/ 039316 PCT/ US2005/ 034752 -6- [0020] Approximately 5
cc of three, ex-situ reduced and passwat ed noble_ netal catal sts wer e

Iﬁaded |ntoI lmﬂl%ﬂovﬁppgmmﬂm mcofﬂh@@eefgﬁgum@wedcﬂnd@asrw& d raeble ysts

oi ?; Qﬁriu?{eﬁ? oAt Pk foadsyl BRI gnigishestor r%p%?@'}lﬁ%péﬁ T ng
2

wnt or par t - ami sl B WA ﬁ“{‘%?‘@é’# kg PR YIS PRt bit P

recycl ed hyeﬁgg%ﬂaayc&&&ﬁl 1ie6d, {PPERbsuR o SABRNYAR &rftsypgfegfgﬁﬁ@ and

operating conditiohs were usted to’ 2 'LHSV, 1000 psi g, and cf/bbl .

React or t enpdtiainiticeaMsis The caabyts W@r@ﬁ@fecﬁﬁﬂﬁﬁ@hnﬁg}(ﬁog@ﬂwﬁﬂnm gior about
7-10 days. Hydrogen purity was 100% and no gas recycle was used. [0021] For

conpari son, svasanpirealgiressomeystmibatingae Bipicad comsnereiil stadt-iyp with tegycladd
perforniance was then evaluated for hydraof mi shing the same, 600N, dewaxed

0|hl :j n tgu s hydengenand treat gas/saruihiag @b&fiﬁaﬁ@mw@wqoemgmg andd
260

hyarogen at ABS0BEBEre ataen RN, 1Bed PScand By 0tk il BERERF csont

“best case” {of GaRFE (RS indasid {8 7739 Hhia e held SRR %of%o%k 75R) 8yt

Then oil

Hydrogen purity was 100% and no gas recycle was used.

[0021] For comparison, a sample of commercial catalyst was reduced in-
situ, and performance was then evaluated for hydrofinishing the same 600N
dewaxed oil. 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 Oil Over Air Passivated




feed was introduced and operating conditions were adjusted as descri bed
above. [0022] Product quality as defined by aromatics, sulfur, and nitrogen
contents was20wemdor ed daily. Aromatics were neasured byddviisbesnspiszon

< (mmol es/ kg). Total aromatics as a function of tinme on streamare shown in
Figure 1. As shown, the initial aromatic saturation (arosat) performance of
all ex-situ hydrogen reduced and passiﬁqﬁed catal ysts are equivalent to, or
better than, the in-situ reduced catalyst. Further, the sanples that were
ex-situ reduced and dry passivated, either with air or by filling the pores
with oil, Ho@R3ett eThezxempld belont comparss e parformrnectoidbe twe dex- si tu
reduced sanple that was passivated by imersion_ in white oil. Advantage of

Dry O Ov@essyetedgatalysis efExonpleos, anend ol pore-Udedde postgetthe redugegd23] The
| e bel th f f the two,dry,..passivated. catal yst
of - Beanp! o SPIG TR gy TioBs ook RUGED CRiUnaht TheldiERA IR B ORIEE ot ot
g ' AN et ea— e
et 0" RHEREAHeS, B SrBOled B AR D SRR AR o L,
m ni M 21N i AiziAE KA ddBrttion BPIRALAIYS i f6ra3t AhAdAnaNgs Nape! | ng, and

t herefore reduci ng-water evadl uti uring start-up further mtigating
the risk filgref@babdisi Watétgavohﬁﬂﬁﬂdmm%immm@ﬁﬂmmmﬂag%ﬁsl&ed as
the process feedstcock for catalyst evaluation. This oil is a dewaxed oil

(-180C) contfar niete] sinteieg | evel of sul fur (4.7 wppn) and approximately 5.5
wt % aromatics (124 mmol /kg). Exanple 4: Oxide Catal yst [0025] The wet-gases
t r eat ment e OXi Was & ' ' k. and oi |
passi vat edqgg% | yst %@E?ﬁ%ﬁd’ng%wms gi(l)ﬁ%%ﬁlesgé%%%@ﬁl?g%ﬁfeﬁ’g%tgﬁdﬁgra! yst in
its oxide shafptesluatibneTharoll & &dewikewoR (48°C)40@ainng traees RAWTHI On st ep
(220C) with wet gases containing about 2.2 psia water parti al

sulfur (4.7 wppm) and approximately 5.5 wt% aromatics (124 mmol/kg).

Example 4: Oxide Catalyst

[0025] The wet-gases treatment on the oxide catalyst was a base case
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.

C [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.



pressure. Previous studies have shown that under these reduction conditions
nmetal sintering will occur resulting in a |ower performng catalyst. [00261 -
Towar ds t he¥@AlPogP93fe wet gases treatment, and as the unPETUSHWATIMTBNS wer e
changed, the catal yst was subjected to an increase in water parti al
pressure to 3.5 psia for about 1 hour, at 150C, prior to switching to dry
hydrogen. The unit pressure was then slogy increased to 2000 prig operating
pressure, and the dewaxed oil was introduced. Subsequently, reactor

t enperature i ncreased tqQ the operating tenperature of 220C. 027] In
addi ti on, calpﬁgglst D&Y GDREIS eﬁﬁﬂgﬂegﬁ&?ithec%ﬁﬂs@@iﬁ W‘ﬁéw%g?q%rrﬁ%ﬂ of the
oxi de cat al y:st | e i v | |, il ot

pl ant start %ﬁl 1\%3/?{%% Pgﬁéffg@sge%tﬁ%t g@ﬁ%&@‘ﬁ@“&%ﬁ%‘ﬁﬂ? n%bg{a% vi%(#éaand
reduced in R ; -

[ 0028] As e@%@%@ﬁtiﬁ?ﬁh{é@#ﬁ?he océigggé cata ygtg)@%?ﬁgﬁégggéﬁfgul ted
in a lower performng catalyst than t&% for.the dry treatnent. The oxide
wet and dry gases treated catal yst p BlEehces are summarized in Table 3

and Figure 2. TABLE 3 Total Aromatics, mmmol/kg % Hydrogenation MB Hrs on
F-1 Oxide F-2 O*i dej F-1 (Xi d@ot-APon@HdschencitkgOl | [Wet N2 HyskrogBimlenN2- Dry H2 Wet

klvz-vgé ?rsy ISIZi(E)lem Dol QAF"TJB% 6 b7 67 14 B TS 3.0t 05T 5:72'4%935
a . ] . L . . . . q/7.
148 6.911 3.394 9‘25'1. 43@7.22‘%‘%'&5 9’3?@%'%’.”%%7 @F%ﬁ‘(ﬁ 1 YN by
H2 H2

1 56 1.705 1.756 08.63 98.58

2 78 N/a 2,193 N/a 98.23

3 101 5.262 2.892 95.76 97.67

4 124 5973 3.20 95.18 97.42

5 148 6.911 3.394 94,43 97.26

6 172 9,133 3.507 92.64 97.12

7 196 10.631 3.803 91.43 96.93

Example 5: Air and Oil 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



-7 196 10.631 3.803 91.43 96.93 Exanple 5: Air and G| Pore-Filled Passivated
Catal ysts [0029] The air and oil pore-filled reduced and passivated

cat al yst s weansabdsie subj ected to wet-gas treatnent. Two pepgtausSoese | oaded
wth the air- passivated catalyst. One catal yst was subjected to a 2 hours
drying step (140C) and a 16 hours reduction step (140C) with wet gases

cont ai ning about 1-psia water partigl- pressure. The second air-passivated
catal yst was directly reduced wth wet hydrogen at 140C for 16 hours,
elimnating the drying step. [0030] Two other reactors were | oaded with the
oi | pqoe3l) | | eFigaeS mat €dbledimdivat ibwer pérfbenaod sfutlatas or crush form
The two reactors were nmaintained wunder a static dry nitrogen pressure (200
psi g) pabsivetetvatadydte wheattedaget withewet nitrogen end hyédtogend ogedledrithpisi a) was
processed over the oil pore-filled passivated catalyst for about 4 hours at
140C Hbe entelwshpeldriints significonthy irwerdn thalso!l theestalyd c{r@d Figure 3 and
Table 4.in ic%gﬁl ower performance of the air WO 2006/ 039316

PCT/ US® % Y BA%58[ 0032] Figure 3 and Table 4, indicate |ower
performance of the air passivated catal ysts when treated with wet nitrogen
and hy[@033fen. [Theils/dedgematiohgierforimencaobdhestir-passivated camlwst gni fi cantly | ower
to that of the catalyst dried and reduced with dry gases. [0033] The

hydr ogehjectashiopeets only waeioangd tp heanargiral lchighey than thatglect ed to wet

hydr ogen onl found to . be margi nal ly higher than that of the oxide
DY PIES Sfadcaiiit Sh Rk rbRcs iRl itk Wht Rl STIVGL R dgFBgen. TABLE 4
F-1 F-2 r-3 F-4 Red./Ar Pass.gzeﬂMPass. RedJO | Pass. RedJAi r Pass. Wet
N2- Wet H, No N2- Wet H2 No N2- short) No N2- Wet H, (short)

F-1 F-2 =3 Frd
Red./Alr Pass. Red jAir Pass. Red/CilPass. Red/Air Pass.
Wet Na- Wet H, No N,- Wet Hp No Nz - Wet H; (shorf) No N; - Wet Ha {(short)
Crushed Crushed GCrushed Extrudate
WE # | Hrs on il T. Aromatics % ' T. Aromatics % - T. Aromatics % . Jli#\mmatics % _
{mmolkg) | Hydrogenation || (mmalkg} | Hydrogenationfi (mmolkg) | Hydrogenation)| (mmolfky) | Hydrogenation

1 104.4 3.611 97.08 3526 97.16 n/a nia 1.756 98.58

2 | 1284 | 5178 95.83 4940 96.02 2.941 97.63 | 2193 98.23

3 | 1513 | 6458 94.79 5431 95.62 1.512 o878 || 2892 97.67

4 174.2 6.861 94.47 5934 95,21 1.734 98.60 3.201 97.42

5 198.5 7.042 94,32 6.314 94.81 1.804 98,55 3.394 97.26

3] 219.4 7.275 94.13 6.437 94,81 1.910 98.46 3.567 97.12

7 242.3 7.488 93.96 6.352 94.88 2.070 88.33 3.803 96.93

tncreased Temp. io 300°C under Hp flow {no oit flow} - 12 hrs at 300°C and back to 220°C. Feed in at 220°C

3 | 2601 4,739 06.13 3.908 96.85 1,287 806 J| 2.553 97.94

g 289.6 5.886 9525 5467 95.58 2,180 98.24 ‘l‘f3.955 96.81
10 308.7 804 95.13 5477 95.58 2.392 98.07 4,440 96.42

o ]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] The small performance differences observed between the extrudates
and the crush catalysts conld be a result of a better packing when using crushed

catalyst in the small diameter reactor or perhaps mass transfer restrictions.



Crushed Crushed Crushed Extrudate WB # H's on G| T. Aromatics | T.
Aromatics % T. Aromatics % T. Aromatics % (nmol/kg) Hydrogenation (nmolfcgQ)
‘Hydr ogenati on (nmol | kg) Hydrogenation (mmol /kg) Hydrogenation 1 104.4 3.611
97.09 3.526 97.16 n/fa n/2 1.756 98.58 2 128.4 5.176 95.83 4.940 96.02 2.941
197.63 2.193 98.23 3 151.3 6.458 94.79 5.431 95.62 1.512 98.78 2.892 97. 67
4 174.2 6.861 94.47 5.934 95.21 1.734 YB- 60 3.201 97.42 5 196.5 7.042 94. 32
6.314 94.91 1.804 98.55 3.394 97.26 6 219.4 7.275 94.13 6.437 94.81 1.910
98.46 3.567 97.12 7 242.3 7.488 93.96, 8.352 94.88 2. 070 98. 33 3.803 96. 93

I ncreased Tenp. to 300C under H, flm—oil flow) - 12 hrs at300C and
backto 220C. Feed in at 220C 8 260.1 4.799 96.13 11 3.906 96.85 11 1.287
98.96 11 2.553 97.94 9 289.6 5.886 95.25 11 5A67 95.59 11 2.180 98.24 11

3.955 96.81, 10 308,.7 6.04 95 13 11 5A77 95.58.11 2.392 98 07 .11 4. 440 96. 42
(00341 TFi qurPICERRLSF 5 S feiian end oy masijgaion of p Soperted doRlEesal oy vt
perf or e .l 140, t . L he oxide catal yst of Exanple 4 dried and
reduceg&%ﬁ ?%@pgﬁdﬂgégéﬁﬁe@%ﬁépépl | ot plant procedure, using dry gases.
These results would indicate that no significant netal sintering occurred

and that the active nmetal was fully accessible for the hydrogenation
reaction. [O0Q@p] rédecifgBhid daeslyorinehe prebiehtebehgdmoehsadinert ket weprodiite

extrudates and the crush catalysts could be a result of a better packing
when usi ng crushedredoegdatatalyst,n the small di aneter reactor or perhaps nmass
transfer restrictions. -10- CLAIMS 1A process for ex-situ reduction and dry
passi vation of a supported noble netal oxide catal yst having pores

i Si duci id cat tint f d di t
COmpr | o1 1 (oSSR, 7L el 0 i R BSTRR mYSRP5 B
flowing by a process including cooling in an inert aimosphere and filling

the pores of the catalyst with oil, in the absence of excess liquid.

2. The process of claim 1, wherein said inert atmosphere is nitrogen.
3. The process of claim 1, wherein said o1l is white oil.
4. The process of claim 1, wherein said oil is paraffinic oil.
5. The process of claim 1, wherein said oil is a low sulfur distillatc.
. 6. The process of claim 1, wherein said catalyst is palladium and platinum supported
on MCM-41.

7. The process of claim 1, wherein said noble metal is palladium and platinum.

8. The process of claim 1, wherein said support is a mesoporous or zeolitic matrix.



- (b) passivating the reduced catal yst so that the catal yst remains dry and
free flowing by a process including cooling in an inert atnosphere and

«filling the pores of the catalyst with oil, in the absence of excess
liquid. 2. The process of claim1, wherein said inert atnosphere is

;nitrogen. 3. The process of claiml1l, wherein said oil is white oil. 4. The
process of claim1, wherein said oil -ild “paraffinic oil. 5. The process of
claim1l1, wherein said oil is a lowsulfur distillate. 6. The process of

claim1, wherein said catalyst is palladiumand platinumsupported on
MCMA1. 97. Thepmcesels extsitl miduction ahd dey passivadionodfl asuppnogtedinobbametali um and
plati num_ 8. The process of claim11, wherein said support is a nmesoporous or
zeol i t PEidesgatalyst haying pores oMEsiae f or ex-situ reduction and dry passivation
of a supported noble netal oxide catalyst having pores conprising (a)
reduci ng said catalyst in the presence of hydrogen and inert gas, to produce

Cat alyst romiEhd R SERRRNAITRe g BESGREC SRV ERRBh R0 it B o pRRYee, o

i nert at nospher e ,a¢ } the catalyst to air. 10. The process of claim
9, wherein said r?ggg‘é@er%%z?@?ts’ pal | adi um and platinum 11. The process of
claim9, wherein said support is a nesoporous or zeolitic matrix. 12. The
process of claim9, wherein said catalyst is palladiumand platinum
supported or(bMCaddivating the reduced catalyst so that the catalyst remains dry and free

flowing by a process including cooling in an inert atmosphere and exposing
the catalyst to air.
10.  The process of claim 9, wherein said noble metal is palladium and platinum.

11.  The process of claim 9, wherein said suppott is a mesoporous or zeolitic matrix.

12.  The process of claim 9, wherein said catalyst is palladium and platinum supported
on MCM-41.



