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performance fuels. Distillate fuels, e.g. straight-run
i ght naphtha, typically contain paraffins, naphthenes
and aromatics. Naphthenes, i.e. cyclic paraffins, such
as mnet hyl cy MOPERIEINRT/(RVUCEA TaIdy 8 ORTRRNG © REBHNGhave

| ow octane nunbeAND(REOCESS (RINGETHERSATABYBgCt i vel y.
If the rings are opened and isonerized, the resulting
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behzéng &8 dpatedint iwmerized) @ reRethie isomerized prsMink Agve higher

benzene content often has been addressed by changi ng
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to C6 napht henes and C6 naphthenes are isonerized i
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paraffins, and the cyclics thus have a significant

ef[PQAY _ onRédHCéi!Oyélli g@s@lin@betlyemwonltem aEen has hegn addressed by
P et O PRt pbihisr AR5 peans oAb A i Grecting more of he

potential benzene formers to isomerization instead of to reforming. No benzene is

formed in isomerization, wherein benzene is converted to Cg naphthenes and Cg
naphthenes are isomerized toward an equilibrium mixture of cyclohexane and
methylcyclopentane or converted to paraffins through ring opening. It is believed that
such Cs cyclics are preferentially adsorbed on catalyst sites relative to paraffins, and
the cyclics thus have a significant effect on catalyst activity for isomerization of
paraffins. Refiners thus face the problem of maintaining the performance of light-
naphtha isomerization units which process an increased concentration of feedstock
cyclics.

[0004] Ring opening is the preferred reaction to improve the paraffin content of
feedstreams to isomerization units because ring opening involves cleaving of only one
carbon-carbon bond on the ring(s) while maintaining the same number of carbon
atoms as the starting molecule. Hydrogenolysis on the other hand involves breaking
one or more carbon-carbon bonds, while cracking involves cleavage of more than one

carbon-carbon bond to form molecules of lower carbon number. For this application
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paraffin content of feedstreans to isomerization units
because ring opening involves cleaving of only one
carbon-carbon bond on the ring(s) while nmaintaining
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di &lpRa&s campriSias 8% rd @ IVB metal oxide modified with an oxyanion of a
group VIB metal. US 3,617,511 discloses a catalyst for conversion of cyclic

hydrocarbons to paraffins where the catalyst comprises rhodium or ruthenium on a
halogen promoted refractory oxide. US 6,241,876 discloses a ring opening catalyst
which comprises a large pore crystalline molecular sieve component with a faujasite
structure and an alpha acidity of less than one and a Group VIII noble metal. US
Publication No. 2002/43481 A1 discloses a catalyst for naphthene ring opening which
comprises at least one Group VIII metal selected from iridium, platinum, rhodium and
ruthenium on a refractory inorganic oxide substrate containing at least one of an alkali
metal and alkaline earth metal. US Publication No. 2002/40175 A1 discloses a
naphthene ring opening catalyst comprising a Group VIII metal selected from iridium,
platinum, palladium, rhodium, ruthenium and combinations thereof. With the metal

being supported on the substrate comprising at least one of a Group IB, IIB, and IVA
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bei ng supported on the substrate conprising at |east )
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%ﬂ%&@ﬁ&%@%ﬁm&i8%9?&%1%5.”&9“ henic ring opening

cataly conprising rridfumin conbination with at

| east one of platj j t-heni Final ly,

US Publication %@EE%@%EW%@F@EM% ocess
wWhHeo7]a NTROFRRrd SskntsSa flbf S SyRRRERE FEGoMd-ths a1/t 3\9 ratios as

openi ng catal yst containing a'Goup VIII netal an
t sehforthldn figampke &r oduct and contacting it with a
cracki ng catal yst. [0006] Applicants have devel oped a

cat al yst conpDEIAIDEDICHESCRIPTION GFE MHEMNVENZIONi fi er
such as ceriumor rheni umdispersed on a refractory
i 189QRni c Osgiesrsnidal shrarant ofihe icrtekynt of thapisseit énisnderets a support

t . I w-th.platinumresults in
oo e PRb S AP TG Plle hOrRAATR O BRI e v are
adgy bt tiosofvelak A fnl thE ar€ MEDIAEIAAE but are not limited to aluminas,

silica/alumina, silica, titania, calcium oxide, magnesium oxide, clays and zirconia. In

order to avoid confusion it is pointed out that the term silica/alumina does not mean a
physical mixture of silica and alumina but means an acidic and amorphous material that
has been cogelled or coprecipitated. The term is well known in the art, see e.g. US
3,909,450, US 3,274,124 and US 4,988,659. The aluminas which can be used include
gamma alumina, theta alumina, delta and alpha alumina.

[0009] Although the supports can be used as powders it is preferred to form the
powder into shaped articles. Examples of shaped articles include but are not limited to
spheres, pills, extrudates, irregularly shaped particles and tablets. Methods of forming

these various articles are well known in the art.
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particles are enriched in rutheniumversus the center
of the particles. BRI EF DESCRI PTI ON OF THE DRAW NG
[ 0007] The Figure presents a plot of Synergi sm Factor
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various articles are well known in the art.
Spaeghit Enthe gerapd referahbybyeactisg ﬁbmnmrm@&m@ bydrmldmc acid.

orsar S BB ebol (et it FEBER AT RS R 26

p%karﬁétﬁgleﬁ@te@a@ﬁdue\f@(l\@r) aryd reheheahix@lire & @BPHEDind an oil bath
m xture of the resulting sol and a gelling agent into

arWigeh istsaaintaingdfab o temapsatriecd 90a ke | Qﬂ"@s Tate daoplels wiitheanixture
gerlem 11 18 hhe Jifbath until they set and form hydrogel spheres. Next the spheres are

continuously withdrawn from the oil bath and treated with an ammoniacal solution at
a temperature of 80°C to 95°C for a time of 2 to 2.5 hours. After treatment with the
ammoniacal solution, the spheres are dried at a temperature of 80°C to 150°C and
then calcined at a temperature of 400°C to 700°C for a time of 1 to 24 hours.

[0012] Extrudates are prepared by mixing the inorganic oxide with water and
suitable peptizing agents such as nitric acid, acetic acid, etc. until an extrudable dough
is formed. The resulting dough is then extruded through a suitably sized die to form
extrudate particles. The extrudate particles are dried at a temperature of 150°C to
200°C and then calcined at a temperature of 450°C to 800°C for a period of 0.5 to 10
hours to effect the preferred form of the refractory inorganic oxide.

[0013] On the support are dispersed a platinum component, a ruthenium
component and a modifier component. The platinum and ruthenium components can

be deposited on the inorganic oxide by means well known in the art such as spray
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easily converted to a gamma-al um na support by known
nmet hods; (2) fopning an extrudate fromthe powder by

wexb@ui®bhed nmet hods and thereafter rolling thecT/us2006/038700

extrudate particles on a spinning disk until spherica
particles are formed which can then be dried and
calcined to formthe desired particles of spherical
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Wp‘lahm&nﬁﬁitrht@bhﬁl@ﬁlnh tengcllgaad, rﬁthéﬂ’iumﬁniﬂm& aﬂﬂiehmllren&hlorlde
tetraamne (HMI). The resultant, m xture is drop
i hexasarne ruthenigmm chieride, mithepnhnigpsd ghleride, rtl%lﬁ*al&mwévl nitrate,

n
e s e L A
Nepitutieheuns A& casarBoy]. CIQﬁtsbNBﬁIliﬂhNh wugmb@mpafertﬁmdlmeon is
oil bath and treated with an amoni acal sol ution

t elﬁﬂpﬁélwawmréﬂtboumatrm hEotstsyeh 2 qlmhelsmilrr@ﬂtybfozmamlde (DMEF),
h
t %gmé% ! UI S lcg_sr y(ir @S‘ r at ur e 0 e%%céc%%,lnaﬂm can be

15681 and t hen cal CI ned at a terrperature of 4000C to
7000C for a tinme of 1 to 24 hours. [0012] Extrudates
al@034 e paberdy bypragnatiag invelve wsingarinalloolwree ofi the: SQAB@@T and

a ey i Ci o ERboE R Mo ot Be ablrsh Tengdgover. e
TReette@ Shipotttén B0 Hakkfdrfedttd 6theagpatatitdort &L &R ﬁﬁlshmﬁ steps.
suitably sized die to formextrudate particles

e>{001ﬂ at eOpaparltlcm@smeth@d olf evenoramveampefrgn@tmm igvedvesfthe use ofa

4§ %%ffa& gct%fyg E%ﬁy%gale d g1%§%{a%or&t ?&Rl%{sg(tl m t%e impregnating
solution which has been placed in the dryer and the support is tumbled by the rotating
motion of the dryer. Evaporation of the solution in contact with the tumbling support is
expedited by applying steam to the dryer jacket. The impregnated support is then dried
at a temperature of 60°C to 150°C and then reduced at a temperature of 300°C to 850°C
for a time of 30 minutes to 8 hours to give the catalyst.
[0016] The final form of the platinum and/or ruthenium component on the support
can be the metal, oxide, sulfide, halide or oxyhalide with the metal, i.e. reduced state,
being the usual case. The amount of platinum and ruthenium present on the catalyst
can vary widely, but is usually for platinum from 0.05 to 10 wt.% of the catalyst as the
metal and for ruthenium from 0.05 to 10 wt.% of the catalyst as the metal. The
amount of modifier component is present in an amount from 0.5 to 10 wt.% of the

catalyst as the element.
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support is noving. Wen the spraying is over, the

wehe Lamylagipny tesf_@g Aaysea tapgens ohecominglyot kedestipila takays a catalyst
f %Ht%{img‘&aﬁﬁm{l'aﬂ{l %’ché}%ur%‘xﬁﬁasant SP0fRheAP spart i cul ar

met ho evaporative I npreghation Tnvolves the use of

a [60BAM | AakBELEbHFIRAYhY Eftalydtdf tHY ibvémionasla ttRifier
support is imersed in the inpregnating solution which

haempersntp Geaerdlly.rihe medifioy epmpenent ean bagpgesrup VII IUPAC Groups

LA S RUL PR RS A5 et o emen

t UFeRh GAGupSUPIBY MITR, 91TA, IVA or mixtures thereof. Examples of modifiers
include but are not limited to rhenium, molybdenum, tungsten, tin, germanium,
cerium, yttrium, praeseodymium, ytterbium, and thulium, with cerium being
especially preferred. The modifier component is deposited onto the support in the
same manner as for the platinum and/or ruthenium component described above. Non-
limiting examples of decomposable compounds include perrhenic acid, tin chloride,
ammonium heptamolybdate, ammonium metatungstate, germanium chloride, cerium
nitrate, yttrium chloride, praseodymium chloride, ytterbium chloride, and thulium
nitrate.
[0020] The platinum, ruthenium and modifier components can be deposited onto
the support individually in any order or combined in any combination although not
necessarily with equivalent results. It is preferred that the modifier be deposited onto

the support prior to the deposition of platinum and ruthenium with an intermediate
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expedi ted by applying steamto the dryer jacket. The
i npregnated support is then dried at a tenperature of
woeQ®a16b50C and then reduced at a tenperat ur ePOT/US2DEA38700
to 850C for a time of 30 mnutes to 8 hours to give
the catalyst. [0016] The final formof the platinum
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t meplghérkc amgy nblaghtha fecdﬂisneld:}t cctmpmvaetnomaxtm enphiimngadd paraffin
pl ati num this re fact can

15 ¢ £PERPATEY ﬂ%qdrﬁgoqk Hmis ey %gftcf & Bpiiptiias, nanral
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actor. For t Ru syst
caabimed afghehas wirbeffinats frva e&ﬁa«mdnatf iacorsatices {lhd feedstecla

| ar ge SF Accordingly, it is desirable to have a
C@ﬁs{ﬂng ly is encompassed by the boiling range of a full range naphtha or within the

range of 0°C to 230°C. Usually the feedstock is light naphtha having an initial

20  boiling point of 10°C to 65°C and a final boiling point from 75°C to 110°C;
preferably, the final boiling point is less than 95°C.

[0022] The amount of aromatic, naphthene and paraffin components present in’ the
feedstock can vary substantially but usually aromatics are present from 0.1 to 20
wt.%, naphthenes from 1 to 35 wt.% and paraffins from 45 to 95 wt.%.

25 [0023] The feedstream is contacted with the catalyst at ring opening conditions
which include a temperature of 120°C to 300°C, a pressure of 9.87 x 10" kPa (14.3
psi) to 6.89 x 10° kPa, (1000 psi) and preferably from 1.03 x 10° kPa (150 psi) to
3.10 x 10° kPa (450 psi), a liquid hourly space velocity of 0.25 to 10 hr”! and
preferably 0.5 to 2 hr”! and Ho/HC (hydrocarbon) mole ratio from 0.5 to 5.
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nodi fi er conponent can be a Group VIII (I UPAC G oups
8-10) netal of the Periodic Table of the Elenents, a
rare earth el enment or an el enent from G oups VI B,

VI[0624] | | | Phae follBwitig dxaiiples afe préverited in illbxteatioh F 1188 invention and are
nodi fiers include but are not limted to rheni um

ooy intraderhes undhe Hmatations; o, theygsngisHy braad seqnepfitheinventignras set out
pr. ] .ytterbium and thulium wth cerium
béﬁﬁl;éeagg%{eggfilfg]}a}dyg‘pr eferred. The nodifier conmponent is
deposited onto the support_in ame manner as for

the platinum and/or rut he@%ﬁ“@?ﬁp nent descri bed
aqeﬁﬁée'\bﬁﬁd 5“1‘5‘[&1&%&?%%} BRrdferd %amg%h&&gmqy.@%ﬂcn

i nc perrheni ¢ acid, tin chloride, anmoniu
hesphudinn) Sohgtame chlanopatinicracie satidory@t 306 Pt)g &4 Tramainsmof RuCls

e g S o 10RE o el Ahet o haEsuking i Ay roled
Nigk h@AbRnt é&g%@ng el rﬂéﬂﬁwédlﬂyhcﬁ@ A@Hcaﬂgn 5P&Ldnh &r another
n e upport :

conmponents ca e deposit onto’t he
i ey fodeabl ¢/ therwaeryandrtblar cooteddo ndzinm Gapenatarey These catalysts were

SR copRr ISR Eh PR TR et s BRRIAE) St
d elﬁfé%stuﬁﬂqgodéwys& D& SHRRQ! & %Eéﬂheéhoanhflgerﬁﬁ&? Sl d@PvBous
plati num and rutheniumw th an i ntermnmed atecal ci nati on

stoepditibms @apefocthiaSabkeddi fi er, pl ati num and rut heni um
conpounds can be deposited onto the sugport in one

stl8Y26] An Brmeles oEthe satalysibentash featmepticanditighweiseatqd for ring
b : - .

P RS RS0 AT Ror e

I npduegdatiden hytobbn R 4anair At F501® DNekedhysémpaatitd wek @tvered to
a te%erature of 60C to 12Q0C. Further treatnment in

aiZ00°G st & Bredrogsn/mpthylsyelapensaner{d?: 1 ppele ratipy yas dlozied itaaugh the

hym.di i ] . aaql fied

o s ed & s3Iy RS GRFSTS 8F 05 B30 St

hauilgzedoyr @dine igh© thisiafbgraphy N&he results are presented in Table 1 along
with a reference catalyst prepared as above but containing only 0.37% Pt dispersed on

gamma alumina.



after drying or after drying and the optional
treatnent step, in hydrogen is required to generate

woheo7rrethesed cat al yst. Reduction is carried ouPCatus2006/038700
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15

tenperature of 3000C to 8500C for a tinme of 30 m nutes
to 8 hours. [0021] The catal yst described above is
used in a process where cyclic paraffins are opened or
cleaved to acyclic paraffinsTablaie. feeds which can be

ahi ch conp é'er?f%@"pf%@”%«l?%?;gpﬁ%oﬁé o 7 Gyt
0]

ngphthentc rin Naphtha fgeds USL%B ‘% r| -,% dlo- | Cracking
\ -
ar (?ﬂ%lé E, A phthene and paraffin co ent e%exane C1.C5

f]tc OCHeS YW gyl Zgﬂﬁﬁ ‘&aE Fib €4 I—luﬁ&ii@de (0?5 r c;ﬁigr Ut (%)

t hershl ga1§0I i neth ¢aira3TATIC al zin)blemr acked gasesl i ne, 0 14
pcll.ldl Yy reformed ||gpi|ti|ab or—taffrinates—from

ext ritt { orf%8f parBmati A he P0sEs] ock essetftial 1§ is 13
eicopparsedoby| the |bal dinac ahde,0f agfull gange | 30
naphthal or within he range of QCito ?‘2() QC. JSlJal Ly

t He Aeedstatk s4hl [ grair lﬂﬂpht hadiyavil ngsoan |i nd7ti al o 12
bgirt+ingpoint OO C to—65GCand—a—fHnal—boitHing

pdi it f 1 or®950 {‘%} H &G o8y df efbl {, The|fihal [boflijng 14

Pqi nfs 15 188S [ hgn|9%@G 1,h0022),, The agpunt gf 0 16

artomatic napht hene and paraffin conponents present Jin

t he ABeflstidtk ccalh yaiNg, lslplbst antiyal Iy dsut jusdsal Iy o 13
amongt T tsare present—from Ot to 20w —naphthenes
fro %10%% wt . %% and Paraffli ndYfrom¥5 10 85 w. % 16

[ 0023} Thelsf)eeds4§1r eam)l gscont agl.ed/w ph the _catalyst

atringl openi ng condi tiaons which includela tpmmr at ure

of 1200C to SOOOC a pressure of 9.87 x 10 1 kPa (14.3

3 .k d f hly f
Do) o1Be et et g o bosP e P B g oty A
a shbadivd CHRH{eHXrtx %ﬁ?@teﬁ?e%&%eﬁ:&eeg 135"@ ShdBhore” dr l?é'é@:d under

preferably HC (hydr ocar bonj no
r atifrogefirad B @ Gtot25 05C | DD Ugst Towevefdd, hlgheeskaxrm'h@swaarobtamed

R oL et Pl L B ST SR8y
brHagdo SEARE Ridef REsel dAUBAHHLON as set out
EXAMPLE 2
[0028] Into a rotary evaporator there were added 25g of an HCI solution (10%
HCI) and 17.3g of chloroplatinic acid solution (0.99% Pt). To this mixture there were
added 50g of 6-alumina spheres followed by 30.2g of ruthenjum red solution (0.51%
Ru). The impregnated spheres were rolled at ambient conditions for one hour and
then heated with steam for an hour to remove the water. This catalyst was found to
have 0.29% Pt and 0.32% Ru and identified as catalyst B.
[0029] The above spherical catalyst was crushed to 40-60 mesh particles and then
treated under various conditions as described in Table 2. After treatment, samples of

the catalyst were tested as in Example 1 and the results presented in Table 2.



in the appended clains. EXAMPLE 1 [0025] Into a rotary

evaporator there were added 53 grans of HO (5.5% HCO)
weabartuois 50 grans chl oroplatinic acid sol uti 8aT(US2®8438700

Pt), 145 granms OORuC 3 solution (0.39% Ru) and | OOy

of g-alum na spheres. The resulting m xture was rolled

at anbi ent conditions for one hour, followed by the

application of steamfor anofdkde2hour to renove the

wat er and t hen cggl to rogm.te rature. These
catal ysts were fgﬁlﬁgsi?egm@o&gﬁ’iﬁﬁ . @ﬁ"%‘ﬁga@l’y&mp. 39% Pt .
Thissmpal al y§{ Was 1dentified as catgLyst A . Ther - - -
res | Norep@b@l VBitne Wa@‘rasCF‘l&{iqSheﬁuntliQityA'o' nE I%e]nil n égh M Cracking
t rfear gd Mae VIdaT I OUS TOTTUT U O1S asS- St T ot t i1 Tt T

1. %0%23?“?3%5’! e_slhof t R8'Cat fal Y&t s |af Bér fadh 0 13
tneaimefit sondi (g (Wer 8fEST 6, Lo T N0 PPeRing , | 5

D

iy

agtivity follows| Thirty-ffive was pl aced jin~a
filx&dB bed 2®Wact|ordhandi,0aeiipmed wader; hydr ogen7for 4 12
hours—ar 4500C T Next—the-tenperature—was—-owered—+to
20080l a%ﬁ;dr odBn/ met %1 cyjcl dBentjand’ (35: 85 nofl e© 15

ratio) was flowed through the catalyst bed at a weight
hourly gas velocity (WHSV) of 0.5 hr."1 and the
efl0038%nt Gpmpyirgithbyesshs phBabdmd avhTobla Rogreaifivylly Faneple A-3

din,Table 1 al MWth
oA RS AL TORLE Bl 0 g
R s

[0027] The results indi cat@I% r best conversion
and selectivity catal yst S gﬁ;l%:‘fge calcined in air

a0 1{ enpErimttatle ey opeaing LaGsanciil2@@eren® modeRheere prepared
under ni,trggen at 2100C to 2500C. The best conversi on,

i S@rting Wik 4¢-08 argshisaymperduine apriistesafiperoimatelni) Oungef support

2%%)5/ Bglg?% ﬁ{%l?égtg Grenls! Mosdif%r%?etﬂos% sd Wterréa&issgl\%!i ?1% {Ng’c%lrr? and
solutions were added to the wells. The mixture was agitated for half an hour, dried in
air at 80-100°C, and then calcined in a muffle oven at 350°C in air for 4 hours,
Ruthenium chloride and chloroplatinic acid were pipetted into wells containing the
calcined supports. Hydrochloric acid also was added to some wells. After brief
agitation and drying, the catalysts were loaded into a high-throughput micro-reactor
system for reduction and ring opening catalytic tests. The dried catalysts were
reduced and tested as in example 1. No other treatments were done before the

catalysts were reduced. Samples were also prepared without modifiers. A description

of these samples along with the test results are presented in Table 3.

-10-
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has no activity under these conditions.

[ 0028]

chloroplatinic acid solution (0.99% Pt).

foll owed by 30.2g of

Ru) .

condi ti ons for

an hour to reno

e

S Medlh

EXAMPLE 2

Into a rotary evaporator there were added 25g
woR0@m4H05 sol ution (10% HO ) and 17. 3g of

To this
m xture there were added 50g of ¢-al um na spheres
rut heniumred solution (0.51%

The i npregnat ed sphereslamer® roll ed at anbi ent

d then heated wi th steam for
grs o g OREUNG SCHYKE f ound

PCT/US2006/038700

t g rave P 29% Pt and 2O0TRU and T dent [ fTed as

cat alyst| B, [0d029] Thg/log'ggfve ﬁ&her' ¢al. ca al yst S
crusjjed tQi%O-ﬁ@hﬁ@;h me%ichﬁ§ n ﬂgtéwo&ﬁégteﬁw”ﬁdee .
V L f'\l:)S ~andi tl nncl- ' 2 %4_4_ 1 _t_eerx he racking
t neatyrent 0.25anplMme of tlle gatdl yst were|te®ted asl in 9
BEfanptet—andthe resutts presented [ fabi e 2-Tabte

2| A g qﬁ’gﬁi ng ot ity of V&S i olus *Eat hl yets|[od30]| ?
Conpgg i ng gtioge [resdl t$ of, Tabl @51 jang; Tabl egg2, 13
specifically ganple A-3 verlsus sanple B:2 and sanple
A{8 Qersud2sanpl €¢B-4, it ils dbservéd t hatdécafal yst s 15
prrepar edyw thRoC-3—are nore active thapthose

prlepat ed| ¥$Pnd r dfhehi u rdd. JExAVPLE 3 [0Y31] 2 7
Tri ngd al | iggsriing gRepeni ngy cat al ystis wht h| didf erent; 0
mpdifiers werg prepared starting with 40-60 nesh gamm
allumi.-ha parbi ¢l esn Appr déxi mat dl y 3004 ng| of97suppone was 7
pllaced—T 1 distretewetHts—Nodi frer netal—satts—were

di|ssbt ved %A wat er’, and !sollut {dns e adddd to the 9
well's. The m xture was agitated for half an hour,

dr in gy 3 . t ' Iy
oTBRL " BB RIS ARG BLOS ol DYoo o
anptepatttion ofekiadi avidoyteehidmvies prefirReti@lfiést o wel | s
cont ai ni ng the cal ci ned supports. Hydrochloric acid

al so was added to sonme welgganiitees brief

[0033]

grams of water were added, followed by 110g of spherical gamma-alumina. The

In a rotary evaporator, 30 grams of CeCls (5.3% Ce) solution and 165

impregnated spheres were rolled at ambient conditions for one hour, and then heated
with steam for an additional hour to remove the water, After cooling to room
temperature, the resulting supports were calcined in a muffle oven at different
temperatures. The various Ce/gamma alumina supports were impregnated with
RuCl3 and chloroplatinic acid as in Example 1. The dried catalysts were then crushed
and approximately 35 mg of 40-60 mesh catalysts were loaded in the micro reactors
for testing. The reduction and testing procedures were the same as described in
Example 1. For comparison, a reference Ru/Pt/gamma alumina catalyst was prepared
and tested in the same manner. Table 4 presents a description of the catalysts and the

test results.

-11 -



agitation and drying, the catalysts were |oaded into a

hi gh-t hroughput m cro-reactor system for reduction and
woiog/ep®fi ng catal ytic tests. The dried cat al pesTAIS®6/038700

reduced and tested as in exanple 1. No other

treatnments were done before the catal ysts were

reduced. Sanples were al so prepared w thout nodifiers.

A description of these sanpl®gled.ong with the test

results are resented in Table 3. Table 3. Effect of

Modi fiers Effe 63 Mﬁgem@rw?yn[m%@?ﬂ%@%gm ts

n

:7{; Tabte—3—nprcatetrhat et lllebt:‘ comditTonsTand

t&ods of prepar at i oriodifist |_L(Jmcq. t er bi u

r fier OI}VﬁI’- 1n; " Cyclo- .
2 0 Mg°%g ‘aﬁsﬁi E*é&f‘] R (RJCQ% p\smenl ..Ilt;e.g‘g‘g é%xﬁ“e Cracking
165 ogranrs of hates wereradded, ool | owed by H0)g of o 0
SippRef+—=€ are—a-trra—The— Fpt cyllat ed—spheres—ner
rlol $-¥d atOZ‘h‘o enfecondi £Pons f &Y one HBur, g d {heh 1
heaf &d W %_514 eapLTon apsadgiti,ghal |[hoyr {0 foemove, The o,

ter coolingito roomtenrper'ture t he
rescuistl ngo.supports wereisal ¢i nado i n|a ssuf f| e83oven at 17
di-Herent—tenperatures—ThevarioustTCel-gatmra_—atgHina
suppertis it e irrﬁ?egratéé W|th7ﬁébC13 affd 83 0 17
chl 10pl af b1 € ﬁﬁNg as 1h Exa n‘gj The drigd 0 3
catai ysl[s were then arushedian aom oximately 3% ng of

40- 60 nesh catal ysts were loaded in the mcro reactors
f 40034dst i e reFhles indtblet4 indicatedhatasis ipmjerprCbToéxaMc esalpiations

th d bed Exanpl e 1.
- oRERES I PGB e RBEGIeAPY 204 RGO R EsaRalp 1t isalso
gﬁjeﬂéﬁ‘ré& fibaldiyd 16 1SAPEAROBET50°FabY S0k, Present s a :

description of the catal ysts andthetest
results. Table 4. Effect of |on Tenperat ure on
Ri ng Openi ng Act|V|ty[OO eresuItS|n Table 4

i 100353t € RBahd Vb h&diRéREahme dupdrioanee prepate hit Etmsple 4.
Ruthenium chloride and chloroplatinic acid were impregnated onto the modifier
containing supports as in Example 4. Finally, they were reduced and tested as in

Example 1. Table 5 presents a description of the catalysts as well as the results of the

testing.
Table 5.
Effect of Modifier and Calcination Conditions on Ring Opening Activity
Modifier '
Pt Ru Level Calc Temp | Conver- | Ring Cyclo-
wt% wt% | Modifier wt% °C sion opening | hexane | Cracking
0.22 0.31 Re 14 Dry 37 79 0 20
0.23 0.33 Yb 14 Dry 50 90 0 10
022 | 0.33 Yb 1.5 350 34 91 0 9
0.25 0.44 NONE 0 Dry 24 91 0 8

15 [0036] The results in Table 5 show that calcination is not necessary to achieve

good activity for a Re or Yb containing catalyst.

-12-



step between the cerium i.e. nodifier inpregnation
and Pt/Ru inpregnation. It is also preferred to

woabwimaeoat a tenperature of 350C to 750C. EXARPLES2006/038700
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[0035] Re and Yb nodified gamma supports were prepared
as in Exanple 4. Ruthenium chloride and chloroplatinic
acid were inpregnated onto the nodifier containing
supports as in Exanple 4. EXAMPLYE 6t hey were reduced

i fio: ©SpRGical mem il St whScrhad b 4d-dhacstautialss which were
t hGerd rbé}glted-r\@ é ueblhd §ﬁﬁt1091f &%H{ufn' rﬁ{& t?@&lgltve 3,5 \8%%1] Ce. The

Cal ci nation Con t|o S on
Thmpreznetet! supporil wbsk dricsl @hmw(tﬁ)ﬁ&msml I60M@thdtheh %alﬁﬁﬂéd at 350°C

AT BTG CHPSATE Pl Ao PR qRoR i St Wesgrpregnated with an
mae{ﬁgﬁoﬁlsklmtﬁﬁ é:\r%ﬁt?un?ﬁéjﬁ ch?oré]?lﬁérgc el 6 ﬁicwn’t amounts

were t nmpregnate an aqueous solU

ofto gérei QA wi.Vs B, 6.5t vot. i Reeardl. 15% @ o%ﬂ@ﬁmﬂi&ﬂ dafidyse.oTied @tess
su‘{;%ort was dried for si Iﬁié) gc{mursoat 1500C and t hen
PR HEPIEsE and the atlyib dtied alNeRTC fored katirei Rlig catalyst was

CEhLHIB-Q0LAhMIRY Ssupport was inpregnated with an
aqueous sol ut oncont ai ni ng Rud 3, chloroplatinic acid

arfdo3sp i Ansthief cathlgsitwaampBepatesl Hytakiny ﬁofboaﬁes\h{pa%o‘?és of the same
0.5 Wm.%Ry and 1% d on the finished catalyst. The

e E3BERA-HHImARa JaboEy atpfbmmrwaamj itwigh waﬁeafo}lwed by deying at 150°C
1
o SRl B SRR RSl OB fmresmaca

t albbgtodftotide BREfAlyREWIth 0128wtk Pi,IES SAVERIARNRYACH NTHIR catalyst
as above and |npre%nat|ng it with water followed by

drasigedified 39 carapld D-hen cal cining at 350C for two

h%63°9] Tml“ﬁe 9\29(') 8&'1’(5]1?7&3 %V%Peo tggtéd ¥r\{a ashlgg%resgtﬂéatmelgrofae%ctor system as
follows. The catalysts were reduced under flowing hydrogen at 450°C for 4 hours.
Next a feed comprising 30% methylcyclopentane (MCP), 15% cyclohexane, 50%
heptane and 5% toluene. Hydrogen was added to give 4 moles of H, per mole of total
hydrocarbons. The feed was flowed through the catalyst at a temperature of 250°C
and 350 psig. The catalysts were equilibrated for 40 hours and then tested at

temperatures shown in Table 6.
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above to provide a catalyst with 0.25 wt.
wt. % Ru and
weanpleidds [ 0039] The two catal ysts were teste#CrmsS2006/038700

1% d .

%Pt, 0.5

This catal yst was identified as

hi gh pressure microreactor systemas follows. The
catal ysts were reduced under flow ng hydrogen at 4500C

for

nmet hyl cycl opent ane (MCP),

and
Hp
t hr

psi g

t he
Ef f
res
e
ope

[ 001

4 hours.

5% t ol uene.
er nole of toEHe

Next a feed conprising 30%

18p4btyys:| ohexane,
dro en was added to give 4 nol es of

50% hept ane

SeEBRBIHES Opﬁ@ngéecawms f1 owed

U | l”e Ld.l d.l yb
aglV &Drat al ysts

at—at
wer & eq

MPET gL ure
ilibrated

of—2566¢€
for 40 ho

1IIU JDU
rs and

Teﬁq@g;)ed at t enp

er atoe es

shovazsi n T

abl es56. Tabl e @50

ct_of riam on
TSP onl o 6

th\r} ? hat

g Ny, ACTT v
t hp352\dd| t

R s A 2

Thves stamh acti v

ty @nd s

el ecB0 vi t

Lon
for4i ng 40

en
ary

per at ur es
evapér at o

as [ ow as

200C "EXAMPLE 7
Ce (MOB)2{6H20!

&jg;g t—:&yrggen/at ¢

SSO1 \lnrl |h Q
Al

WH%\h(hﬂlh@r e were
mé}eéonmﬁa aI un

I UI I CU al aIIUI C

RIGOPERRE Wit h st
ﬁele"t‘}!ﬂ%@ coolin
Hrddud) il prt@gnat
ovel OCfor——=56
sph re inpreg
as setsforth in Exa
at 45 —Z4hour
cat al &’:Paré owed _t ha

0. 5wt I\chya]npj:nﬂam .

aboye %?:al yzed
M c nchnn\/ QTE!\'/} t
and | RMcthéyalbhexane

" Heptane

nm Of tar
addéd 40
nalgalpher
¥t teﬁ“per
camgfigr a
g to roomtermerat

ed supporft was cal di
o1t d.l III II%

frours—Tfihe—catcrngd Cﬁ
maé‘plalnu

ated" witih rufhenit
npl 4L and t hen redu_ce_d4.i2n hydr ogen
L ng}z ed 179

ter—Fo—thts
mm(| A16 i pch) 1
Sul bsBg M Xt Ugy

aWEY
IIU

e they

wer e
sol
di a
was
t he
wat
res

B

[oRle)}

muf f | e

a)

S Fysis olr The
Lt “contlaine ﬂ 75wt

%UCe. R@O42]| Thelddat allyst ¢ epafed 135

US| bcannl Transi ti El ectr
Hggar m nlqapst| clle g|302peg ah D?p’/

5.3 4 9 1.7
49.9 46.7 22.8
0.0 0.0 0.0

44.1
0.0

Toluene

[0040]

activity and selectivity for ring opening even at temperatures as low as 200°C.

The results of Table 6 show that the addition of cerium improves both

EXAMPLE 7 -
[0041]

deionized water. To this solution there were added 400ml of 1.6mm(1/16 inch)

In a rotary evaporator 6.2g of Ce (NO3),6H,0 were dissolved in 800ml of

diameter gamma alumina spheres. The resulting mixture was rolled at ambient
temperature for one hour and then heated with steam for another hour to remove the
10  water. After cooling to room temperature, the resulting impregnated support was
calcined in a muffle oven at 350°C for 6 hours. The calcined Ce containing spheres
were impregnated with ruthenium and platinum as set forth in Example 1 and then
reduced in hydrogen at 450°C for 4 hours. Analysis of the finished catalyst showed

that it contained 0.75wt.%Re, 0.5wt.%Pt and 1wt.%Ce.
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di stribution. STEM anal ysis showed that the average
particle or cluster size was 8.6A. Further analysis of

wohoaster@®s of 20 to 3gA showed that the surfacePof/uSkme/038700

clusters was rutheniumenriched. EXAMPLE 8 [0043] A
series of catalysts were prepared and tested to
determ ne the synergi sm between catal ytic netal s.

Cqoed2y st STheasaalpsft@p@famd abondé arhmﬁagyztea @sihg ISbamiul@Transmon
metals: Pt only; Pd only; Ir_ only; only;
PtElmronFMwmcow (STEM) g determine pﬁﬁéﬂeam Ay %R& metal

( f%?@%tﬁg)él%éﬂ % 151250%&%%)&%21);&[‘( t]%1 g{rHeCa I, cluster s1zte was

TQ. 6 churde) hndlhiss ef sasiers dd 20l tdi®0 L @hdb&sél thexttae surfdex of the clusters
t he desired aqueous netal solution was added.

| RS videRiPmserighedons containing H Pt 6, Pdd 2,
rutheniumred, RhC or H2Ird 6 were used. In the case

of bi net al conpositi ons, tIRXAMBRER6 sol uti on was

first, .fol the second netal sol ufi . .
TROOES a1 Attt BB Wrte Ppeeaiaat o dadeattise dpmergism
t |
t he*"&%?%a@@?é“@??w @hlyals a0 pptBlebitiningtht Kllihe motals: Pt
Se)al)e Rdanty; ﬁl’rmﬂly Sheddyy Rinoraiynﬁﬁlhhrﬂt-&i PSh&lndrPt-iRh 6lhe catalysts

f f
rgre E%P?r@ w tes orgf ‘% umlam(fﬁ%mg&a?%}s ; g 350 of 48 wells
rlrﬁ)?ggezfcﬁfm ﬁla@%éeac&%lﬁﬁ&@l afdetl&ﬁ AGRAE. t'tﬁe desired

e ove for 6 hours 0044] The sanp
weeedus sietd spktior xaspidedl Iadididaalspheiogs sasntamnﬂgdi{zP(t(Slg,)PdClz,

e 5B e RTINS FhebShg, e
I
BRSPS, Sl L3S AR R

ohaetedd xforlmm bh@hlr‘tl@wdded h&tach heliRtas Rteptmlaﬂaysatsssb aneroliter.
t he. hi ﬂhest synerg, sm wth post of these

Pt/ R
C ﬁfﬁrﬁ itke wels§ Were llgg-yith sgh@gm thg.plate was sealed and then shaken on a
mechanical shaker at 60 rpm for 15 minutes before air was flowed over each well to

remove the water. After further drying at 120°C for 6 hours, the samples were then
calcined in a muffle oven at 350°C for 6 hours.
[0044] The samples were tested per example 1 and a synergism factor (SF) was
calculated as follows: 7
SF=Conversion of bimetallic catalyst/Sum of Conversion of each metal
[0045] The results of this testing are presented in the Figure where SF is plotted
versus M/Pt wt. ratio. It is observed from the Figure that the Pt-Ru catalysts have the
highest synergism, with most of these Pt/Ru catalysts having a SF>1.5.
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1. A catalyst for opening naphthenic rings conprising
a pl ati num conponent, a rutheni um conponent and a

woundi7idesns conponent al |l di spersed on a refract 8Cy/US2006/038700

10

15

20

25

30

i norgani ¢ oxi de support and characterized in that at

| east 50% of the platinum and rutheni um conponents are
present as particles wherein the surface of the
p&liAIMSs has a hi gher concentration of rutheniumthan
the center of the particles. 2. The catalyst of claim
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6. A process for producing acyclic paraffins from cyclic paraffins comprising
contacting a feed stream comprising cyclic paraffins with a catalyst comprising a
platinum component, a ruthenium component and a modifier component all
dispersed on a refractory inorganic oxide support at ring opening conditions to
convert at least a portion of the cyclic paraffins to acyclic paraffins, the catalyst
characterized in that at Jeast 50% of the platinum and ruthenium components are
present as particles wherein the surface of the particles has a higher concentration
of ruthenium than the center of the particles. .

7. The process of claim 6 where the ring opening conditions include a temperature of
120°C to 300°C, a pressure of 1.03 x 10° to 3.10 x 10° kPa, a liquid hourly space
velocity of 0.5 to 2.0 hr™! and a Hy/HC (hydrocarbon) mole ratio from 0.5 to 5.

8. The process of claim 6 where the modifier is selected from the group consisting of

rare earth elements, rhenium, molybdenum, tungsten, tin, germanium and mixtures

thereof.
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