
MODIFIED PT/RU CATALYST FOR RING OPENING AND PROCESS
USING THE CATALYST BACKGROUND OF THE INVENTION [0001]
There is an increasing demand for clean burning high
performance fuels. Distillate fuels, e.g. straight-run
light naphtha, typically contain paraffins, naphthenes
and aromatics. Naphthenes, i.e. cyclic paraffins, such
as methylcyclopentane (MCP) and cyclohexane (CH) have
low octane numbers (RON) of 9 1 and 83, respectively.
If the rings are opened and isomerized, the resulting
isomerized paraffins have higher octane numbers.
Paraffins also have a lower density than the
corresponding naphthenes. Thus, there is a need for
improved catalysts for ring opening. [0002] An
increased amount of paraffins is also required in
providing reformulated gasoline. Reformulated gasoline
differs from the traditional product in having a lower
vapor pressure, lower final boiling point, increased
content of oxygenates, and lower content of olefins,
benzene and aromatics. [0003] Reduction in gasoline
benzene content often has been addressed by changing
the cut point between light and heavy naphtha and
directing more of the potential benzene formers to
isomerization instead of to reforming. No benzene is
formed in isomerization, wherein benzene is converted
to C6 naphthenes and C6 naphthenes are isomerized
toward an equilibrium mixture of cyclohexane and
methylcyclopentane or converted to paraffins through
ring opening. It is believed that such C6 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 lightnaphtha 



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 applicationit is very desirable to
use a catalyst which has high activity and selectivity
to ring opening at relatively low temperatures of
1250C to 250C. [0005] Catalysts which are useful for
ring opening are known and include a high chloride
platinum component dispersed on a refractory inorganic
oxide which is described in US 5,463,155. US 5,81
1,624 describes a catalyst for the selective opening
of 5 and 6 membered rings which consists of a
transition metal catalyst selected from the group
consisting of carbides, nitrides, oxycarbides,
oxynitrides, and oxycarbonitrides. The transition
metal is selected from the group consisting of metals
from Group IVA, VA, VIA of the Periodic Table of the
Elements. US 6,235,962 Bl discloses a catalyst for
ring opening which comprises a carrier consisting of
alumina, a metal modifier selected from the group
consisting of scandium, yttrium and lanthanum, and at
least one catalytically active metal selected from the
group consisting of platinum, palladium, rhodium,
rhenium, iridium, ruthenium, and cobalt. US 5,382,730
discloses a process for ring opening and isomerization
of hydrocarbons where the catalyst comprises an
aluminosilicate zeolite such as Zeolite Y or Zeolite
Beta and a hydrogenation component. US 5,345,026
discloses a process for 



conversion of cyclic hydrocarbons to non-cyclic
paraffin hydrocarbons where the catalyst comprises a
hydrogenation-dehydrogenation component and an acidic
solid component comprising a group IVB metal oxide
modified with an oxyanion of a group VIB metal. US
3,617,51 1 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. 2002/4348 I
Al 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 Al 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, HB, and FVAmetal. US Publication
No. 2002/50466 Al discloses a naphthenic ring opening
catalyst comprising iridium in combination with at
least one of platinum, rhodium and ruthenium. Finally,
US Publication No. 2002/63082 Al discloses a process
where a naphtha feed is first contacted with a ring
opening catalyst containing a Group VIII metal and
then taking the product and contacting it with a
cracking catalyst. [0006] Applicants have developed a
catalyst comprising platinum, ruthenium and a modifier
such as cerium or rhenium dispersed on a refractory
inorganic oxide support. Applicants have discovered
that combining ruthenium with platinum results in a
synergistic effect, which effect can be enhanced by
addition of a modifier component. 



The catalyst is further characterized in that at least
50% of the platinum and ruthenium components are
present as particles where the surface of the
particles are enriched in ruthenium versus the center
of the particles. BRIEF DESCRIPTION OF THE DRAWING
[0007] The Figure presents a plot of Synergism Factor
versus M/Pt wt. ratios as set forth in Example 8.
DETAILED DESCRIPTION OF THE INVENTION [0008] One
essential element of the catalyst of the present
invention is a support which comprises a refractory
inorganic oxide. Inorganic oxides which can be used
are any of those well known in the art and include 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.[0010]
Spherical particles may be formed, for example, from
the preferred alumina by: (1) converting the alumina
powder into an alumina sol by reaction with a suitable
peptizing acid and water and thereafter dropping a
mixture of the resulting sol and a gelling agent into
an oil bath to form spherical particles of an alumina
gel which are 



easily converted to a gamma-alumina support by known
methods; (2) fopning an extrudate from the powder by
established methods and thereafter rolling the
extrudate particles on a spinning disk until spherical
particles are formed which can then be dried and
calcined to form the desired particles of spherical
support; and (3) wetting the powder with a suitable
peptizing agent and thereafter rolling the particles
of the powder into spherical masses of the desired
size. [0011] Instead of peptizing an alumina powder,
spheres can be prepared as described in US 2,620,3 14
which is incorporated by reference in its entirety.
The first step in this method involves forming an
aluminum hydrosol by any of the techniques taught in
the art and preferably by reacting aluminum metal with
hydrochloric acid. The resultant hydrosol is combined
with a suitable gelling agent such as hexamethylene
tetraamine (HMT). The resultant mixture is dropped
into an oil bath which is maintained at a temperature
of 90C to 1000C. The droplets of the mixture remain in
the oil bath 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 80C to 950C for a time of 2 to 2.5
hours. After treatment with the ammoniacal solution,
the spheres are dried at a temperature of 800C to
15O0C and then calcined at a temperature of 4000C to
7000C 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
1500C to 2000C and then calcined at a temperature of
450C to 8000C 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 sprayimpregnation
or evaporative impregnation. Both spray or evaporative
impregnation use a solution containing a decomposable
compound of the desired metal. By decomposable is
meant that upon heating the compound decomposes to
provide the catalytic form of platinum and ruthenium
component. Non-limiting examples of decomposable
compounds which can be used include chloroplatinic
acid, ammonium chloroplatinate, platinum tetrachloride
hydrate, tetraamine platinum chloride, platinum
nitrate, ruthenium tetrachloride, ruthenium nitrate,
ruthenium trichloride, hexaamine ruthenium chloride,
ruthenium nitrosyl chloride, ruthenium nitrosyl
nitrate, ruthenium red hydrate, ammonium
hexachlororuthenate(IV), ruthenocene and triruthenium
dodecacarbonyl. The solvent which is used to prepare
the solution is usually water although organic
solvents such as alcohols, dimethyl formamide (DMF),
dimethylsulfoxide (DMSO), tetrahydrofuran (THF) and
amines, e.g., pyridine can be used. [0014] Spray
impregnation involves taking a small volume of the
solution and spraying it over the support while the
support is moving. When the spraying is over, the
wetted support can be transferred to other apparatus
for drying or finishing steps. [0015] One particular
method of evaporative impregnation involves the use of
a steam-jacketed rotary dryer. In this method the
support is immersed in the 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
60C to 150C and then reduced at a temperature of 3000C
to 850C 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.[0017] It is also desirable that the
platinum and ruthenium metals be mostly present as
particles containing both components. More
specifically, it is desirable that at least 50%,
preferably at least 70% and most preferably at least
80% of the platinum and ruthenium components be
present as particles containing atoms of both
components. These particles are further characterized
in that the surface of the particles contains a higher
concentration of ruthenium than the center of the
particles. It is desirable that the surface contain at
least 10 atomic% more, preferably at least 20 atomic%
more and most preferably at least 30 atomic% more
ruthenium. [0018] As will be shown in the examples,
there is a synergistic effect between ruthenium and
platinum. In this respect, a synergism factor can be
calculated using the following equation: SF=Actual
Conv./Sum of Individual Conv. where SF is the
synergism factor. For the Pt/Ru systems, a
considerable number of the formulations tested have a
large SF. Accordingly, it is desirable to have a
catalyst 



containing platinum and ruthenium with an SF of at
least 1.5. [0019] Another component of the catalyst of
the invention is a modifier component. Generally, the
modifier component can be a Group VIII (IUPAC Groups
8-10) metal of the Periodic Table of the Elements, a
rare earth element or an element from Groups VIB,
VIIB, IIIA, 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. Nonlimiting 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 intermediatecalcination
step. In some cases, modifier, platinum and ruthenium
compounds can be deposited onto the support in one
step. An acid such as hydrochloric acid can optionally
be added to moderate the adsorption of the platinum
and ruthenium compounds onto the support. After
impregnating with Ru and Pt5 the catalyst is dried at
a temperature of 60C to 12O0C. Further treatment in
air, hydrogen or nitrogen, either under dry or ambient
humidity is optional. These treatments are carried out
at temperatures of 100C to 55O0C for a time of 1 to 8
hours. A reduction step, either 



after drying or after drying and the optional
treatment step, in hydrogen is required to generate
the reduced catalyst. Reduction is carried out at a
temperature of 3000C to 8500C for a time of 30 minutes
to 8 hours. [0021] The catalyst described above is
used in a process where cyclic paraffins are opened or
cleaved to acyclic paraffins. The feeds which can be
used in the ring opening process are any of those
which comprise C5 - Ce aliphatic rings, i.e.
naphthenic rings. Naphtha feeds usually comprise
aromatic, naphthene and paraffin components. Feed
stocks which may be utilized include straight-run
naphthas, natural gasoline, synthetic naphthas,
thermal gasoline, catalytically cracked gasoline,
partially reformed naphthas or raffinates from
extraction of aromatics. The feedstock essentially is
encompassed by the boiling range of a full range
naphtha, or within the range of 0C to 230 0C. Usually
the feedstock is light naphtha having an initial
boiling point of 1O0C to 650C and a final boiling
point from 75C to H O0C; preferably, the final boiling
point is less than 950C. [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.%.
[0023] The feedstream is contacted with the catalyst
at ring opening conditions which include a temperature
of 1200C to 3000C, a pressure of 9.87 x 10 1 kPa (14.3
psi) to 6.89 x 103 kPa, (1000 psi) and preferably from
1.03 x 103 IcPa (150 psi) to 3.10 x 103 kPa (450 psi),
a liquid hourly space velocity of 0.25 to 10 hr"1 and
preferably 0.5 to 2 hr"1 and H2/HC (hydrocarbon) mole
ratio from 0.5 to 5.[0024] The following examples are
presented in illustration of this invention and are
not intended as undue limitations on the generally
broad scope of the invention as set out 



in the appended claims. EXAMPLE 1 [0025] Into a rotary
evaporator there were added 53 grams of HCl (5.5% HCl)
solution, 50 grams chloroplatinic acid solution (0.99%
Pt), 145 grams OfRuCl 3 solution (0.39% Ru) and lOOg
of q-alumina spheres. The resulting mixture was rolled
at ambient conditions for one hour, followed by the
application of steam for another hour to remove the
water and then cooled to room temperature. These
catalysts were found to contain 0.43% Ru and 0.39% Pt.
This catalyst was identified as catalyst A. The
resulting catalyst was crushed to 40-60 mesh and then
treated under various conditions as set forth in Table
1. [0026] Samples of the catalysts after each
treatment condition were tested for ring opening
activity as follows. Thirty-five mg was placed in a
fixed bed reactor and reduced under hydrogen for 4
hours at 45O0C. Next the temperature was lowered to
200C and a hydrogen/methylcyclopentane (35:1 mole
ratio) was flowed through the catalyst bed at a weight
hourly gas velocity (WHSV) of 0.5 hr."1 and the
effluent analyzed by online gas chromatography. The
results are presented in Table 1 along with a
reference catalyst prepared as above but containing
only 0.37% Pt dispersed on gamma alumina.Table 1.
Effect of Treatment Conditions on Pt/Ru Catalysts
[0027] The results indicate that for best conversion
and selectivity catalyst A should be calcined in air
at a temperature between 150C and 200C, or heated
under nitrogen at 21O0C to 25O0C. The best conversion,
i.e. highest activity was obtained after heating under
hydrogen at 4500C. It is also noted that a platinum
only catalyst 



has no activity under these conditions. EXAMPLE 2
[0028] Into a rotary evaporator there were added 25g
of an HCl solution (10% HCl) and 17.3g of
chloroplatinic acid solution (0.99% Pt). To this
mixture there were added 50g of q-alumina spheres
followed by 30.2g of ruthenium 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.Table
2. Ring Opening Activity of Various Catalysts [0030]
Comparing the results of Table 1 and Table 2,
specifically sample A-3 versus sample B-2, and sample
A-8 versus sample B-4, it is observed that catalysts
prepared with RuCl3 are more active than those
prepared using ruthenium red. EXAMPLE 3 [0031]
Trimetallic ring opening catalysts with different
modifiers were prepared starting with 40-60 mesh gamma
alumina particles. Approximately 300 mg of support was
placed in discrete wells. Modifier metal salts were
dissolved in water, and solutions were added to the
wells. The mixture was agitated for half an hour,
dried in air at 80-100C, and then calcined in a muffle
oven at 350C 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.Table 3. Effect of
Modifiers on Ring Opening Activity [0032] The results
in Table 3 indicate that under these conditions and
methods of preparation, cerium and ytterbium are
preferred modifiers. EXAMPLE 4 [0033] In a rotary
evaporator, 30 grams OfCeCl3 (5.3% Ce) solution and
165 grams of water were added, followed by HOg of
spherical gamma-alumina. The 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 RuC13 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.Table 4. Effect of Calcination Temperature on
Ring Opening Activity [0034] The results in Table 4
indicate that it is preferred to have a calcinations 



step between the cerium, i.e. modifier impregnation
and Pt/Ru impregnation. It is also preferred to
calcine at a temperature of 350C to 750C. EXAMPLE 5
[0035] Re and Yb modified gamma supports were prepared
as in Example 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 [0036]
The results in Table 5 show that calcination is not
necessary to achieve good activity for a Re or Yb
containing catalyst.EXAMPLE 6 [0037] Spherical
gamma-alumina was crushed to 40-60 mesh particles
which were then impregnated with an aqueous solution
of cerium nitrate to give 3.5 wt.% Ce. The impregnated
support was dried for six (6) hours at 15O0C and then
calcined at 350C for two hours. Next the calcined
cerium containing support was impregnated with an
aqueous solution containing RuCl3, chloroplatinic acid
and HCl in sufficient amounts to give 0.25 wt.% Pt,
0.5 wt.% Ru and 1% Cl on the finished catalyst. The
excess water was evaporated and the catalyst dried at
150C for 6 hours. This catalyst was identified as
sample C. [0038] Another catalyst was prepared by
taking 40-60 mesh particles of the same gamma-alumina
as above and impregnating it with water followed by
drying at 150C and then calcining at 350C for two
hours. This calcined support was impregnated as 



above to provide a catalyst with 0.25 wt.% Pt, 0.5
wt.% Ru and 1% Cl. This catalyst was identified as
sample D. [0039] The two catalysts were tested in a
high pressure microreactor system as follows. The
catalysts were reduced under flowing hydrogen at 4500C
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 25O0C and 350
psig. The catalysts were equilibrated for 40 hours and
then tested at temperatures shown in Table 6.Table 6.
Effect of Cerium on Ring Opening Activity [0040] The
results of Table 6 show that the addition of cerium
improves both activity and selectivity for ring
opening even at temperatures as low as 200C. EXAMPLE 7
[0041] In a rotary evaporator 6.2g of Ce (NO3)2-6H2O
were dissolved in 800ml of deionized water. To this
solution there were added 400ml of 1.6mm(l/16 inch)
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
water. After cooling to room temperature, the
resulting impregnated support was calcined in a muffle
oven at 35O0C 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 4500C for 4 hours. Analysis of the finished
catalyst showed that it contained 0.75wt.%Re,
0.5wt.%Pt and lwt.%Ce.[0042] The catalyst prepared
above was analyzed using Scanning Transition Electron
Microscopy (STEM) to determine particle sizes and Pt
and Ru metal 



distribution. STEM analysis showed that the average
particle or cluster size was 8.6A. Further analysis of
clusters of 20 to 3qA showed that the surface of the
clusters was ruthenium enriched. EXAMPLE 8 [0043] A
series of catalysts were prepared and tested to
determine the synergism between catalytic metals.
Catalysts were prepared containing the following
metals: Pt only; Pd only; Ir only; Ru only; Rh only;
Pt-Pd; Pt-Ru; Pt-Ir and Pt-Rh. The catalysts were
prepared by placing 300 mg of theta alumina
(40-60mesh) into each of 48 wells of a reaction plate.
To each well there was added deionized water. Next,
the desired aqueous metal solution was added.
Individual solutions containing H PtCl6, PdCl2,
ruthenium red, RhCl or H2IrCl6 were used. In the case
of bimetal compositions, the H2PtCl6 solution was
added first, followed by the second metal solution.
The total amount of volume of solution added to each
well was kept constant at 650 microliter. After all
the wells were filled with solution, the 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
12O0C for 6 hours, the samples were then calcined in a
muffle oven at 35O0C for 6 hours. [0044] The samples
were tested per example 1 and a synergism factor (SF)
was calculated as follows: 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.CLAIMS: 



1. A catalyst for opening naphthenic rings comprising
a platinum component, a ruthenium component and a
modifier component all dispersed on a refractory
inorganic oxide support and characterized in that at
least 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. 2. The catalyst of claim
1 where the modifier is selected from the group
consisting of rare earth elements, rhenium,
molybdenum, tungsten, tin, germanium and mixtures
thereof. 3. The catalyst of claim 1 or 2 where the
refractory inorganic oxide support is selected from
the group consisting of aluminas, silica,
silica-alumina, zirconia, titania, and mixtures
thereof. 4. The catalyst of claim 1 or 2 or 3 where
the particle surface contains at least 10 atomic% more
ruthenium than the particle center. 5. The catalyst of
claim 1 or 2 or 3 further characterized in that it has
a synergism factor of at least 1.5. 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 least
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 120C to 300C, a
pressure of 1.03 x 103 to 3.10 x 103 kPa, a liquid
hourly space velocity of 0.5 to 2.0 hr 1 and a H2/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.9. The process of claim 6 where the particle
surface contains at least 10 atomic% more ruthenium
than the particle center. 10. The process of claim 6
where the catalyst is further characterized in that it
has a synergism factor of at least 1.5. 


