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SELECTIVE RING OPENING BY OXIDATION PROCESS

FIELD OF THE INVENTION

[0001] This invention relates to the selective ring opening of naphthenic and
aromatic rings, and more particularly, to any petroleum or hydrocarbon streams
derived from crudes containing naphthene and aromatic species. The rings may be

selectively ring opened using an oxidation catalyst in the presence of an oxygen-

containing gas.

BACKGROUND OF THE INVENTION

[0002] Most petroleum and hydrocarbon streams derived from crude contain- -
naphthene and aromatic compounds. Distressed crudes contain substantial amounts
of naphthenes and aromatics which result in lower prices paid for these crudes.
Naphthenes and aromatics are considered undesirable in some producﬁ streams as
they may degrade product quality. The desirability of these types of molecules |
depends on the use intended. For example, aromatics may be desirable in gasoline
-due to their high octane number. On the other hand, aromatics raise potential
environmental and health concerns so that the amount allowed in products may be
limited. Aromatics are not desirable in lube basestocks due to their poor VI
properties. Since .the world supply of high quality crudes is diminishing, the need

to process poorer quality crude is increasing.

[0003] Distillate fuels typically contain paraffins, naphthenes, and aromatics.
For fuel quality parameters such as cetane, gravity and emissions, paraffins are the
most desirable components, followed by naphthenes, followed by aromatics. The
least desirable are multi-ring aromatic compounds. While various refinery processes
produce distillate fuels, these processes are typically limited in their capability to
produce high guality distillate fuel and/or high yields of distillate fuel. For example,
conventional hydrogenation processes saturate aromatic rings to naphthenes, thereby
increasing the cetane number and increasing the API gravity (lower density). The

disadvantage of hydrogenation alone is that naphthenes have generally lower cetane
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values and are more dense tharn paraffins havjhg substanfially the same number of
carbon atoms. The greater density .of naohthenes results in reduced volume of the
distillate fuel blend relative to a composition containing similar concentrations of
paraffins instead of naphthenes. Sxmllarly, multi-ring naphthenes are: generally more
dense and have lower cetarie values than single-ring naphthenes havmg substantlally
the same number of carbon atoms. In addition, naphthenes can be converted to
aromatics via oxidation reactions. Since combustion of naphthenes in fuels occurs
under oxidizing conditions, there is the potential for naphthenes to revert to

aromatics under combustion conditions, thus further reducing fuel quality.

[0004] For lubricant basestocks, multi-riﬂg naphthenes can present drawbacks
with regard to VI and oxidative stablllty Multl-rmg naphthenes tend to have poor
VI compared to paraffinic molecules In addition, such naphthenes typically have
poor oxidation stability which is undesirable in a hlgh temperature environment due
to thermal breakdown and sludge formation. Aromatics generally have poor VI and
oxidation stability properties as well. Multi-ring aromatics have very poor VI

properties and are usually hydrogenated for environmental and health reasons.

[0005] | Processes and catalysts which .pl"omote. ring opening of cyclic
compounds such as naphthenes have been develop'ed Cyclic Cg hydrocarbons may
be opened ‘with metal loaded zeolites such as zeolite Beta. Ring opening of cycllc
hydrocarbons ¢an be accomplished with a catalyst comprising a
hydrogenation/dehydrogenation metal and an acidic component contalning a Group
IVB metal oxide modified with a Group VIB metal. Another catalyst for ring
opening is rhodium or ruthenium ona halogen promoted refractory oxide. Selectlve

ring opening of naphthenes has been disclosed using Ir, Ru or Rh on a catalyst
support. i

[0006] While there are descriptions of ring opening reactions in the prior art as
noted above, owing to the increasing demand for more environmentally friendly

lubricants and clean-burning, high performance fuels, it is highly desirable to have a

process which is more selective for ring opening as well as providing a cost
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effective ring opening process. 'Selecti\}ity for ring op'eningvié related to'the
proiaensity for cleavage of a ring-bond which results in product molecules having an
equivalent number of carbon atoms and one less rmg than the original molecule
rather than cleavage of a bond which results in a product molecule having fewer
carbons than the original molecule. A perfectly selectlve ring opemng process
would glve only ring bond cleavage to produce molecules having an equxvalent
number of carbon atoms and one less ring than the original molecule. For example,
from a hydrocarbon stream containing only single ring naphthenes of n ‘number of
carbon atoms, the product from perfect ring opening selectivity would be only .

paraffins of n number of carbon atoms.

[0007] Thus, the greater number of product molecules fromr a ring openihg
process having an equivalent number of carbon atoms and one less ring than the
original molecﬁle, the greater the selectivity for ring opening. Greater selectivity for
ring opening is. important for the reasons that a) the number of ring structures in a
product stream. will be decreased, b) 51gn1ficant dealkylation of any pendant
substituents on: the nng, which will reduce the volume of product ina spec1ﬁed
boiling range, will be mm;m;zed and c) the density of the product stream will be

decreased providing -volume swell.

[0008] It would be desirable to have a cost effective ring opening process with
high selectivity for ring opening while minimizing dealkylation of pendant
substituents to maintain a high volume of product in the desired boiling range with

preservation of useful properties such as VI, octane and cetane.

SUMMARY OF THE INVENTION

[0009] This invention relates to a method for selectivelj ring opening
naphthenes or aromatics in a petroleum feed containing nanhthenic or aromatic ring
species which comprises: combmmg the petroleum feed with a catalytlcally

effective amount of an oil soluble metal catalyst to form a mixture of feed and
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~ catalyst, and adding to the mixture of feed and éatalyst an oxygen-containing gas

under ring opening conditions.

[0010] Another embodiment relates to a method for selectxvely rmg opening
naphthenes or aromatics in a petroleum feed contammg naphthemc or aromatic ring
species which comprises: (a) contacting the feed with an oxygen-contammg gas, (b)
" adding to the feed contacted with oxygen-containing gas a catalytlcally effective
amount of an oil soluble catalyst and (c) continuing addmg oxygen- contamlng gas

under ring openmg conditions.

[0011] Yet another embodiment relates to the incorporatioﬁ of selective ring
opening into an upgrading process for upgrading a petroleum feed which
comprises: contacting th.evfeed in an upgrading process incomorating selective ring
opening and including at least one of hydrocracking, hydr_otreating, hydrodewaxing,
solvent dewaxing, solvent extracting‘and hydrofinishing wherein selective ring
opening is by (a) combining the pétroleum feed with a catalytically effective amount
of an oil soluble: metal catalyst to form a mixture of feed and catalyst, and addmg to
the mixture of fzed and catalyst an oxygen-contammg gas under ring opening .

. conditions or (b) contacting the feed with an oxygen-containing gas, adding to the
feed contacted with oxygen-containing gasa catalytically effective amount of an oil
soluble catalyst and continuing adding oxygeh—conﬁining gas under ring opening

conditions.
BRIEF DESCRIPTION OF THE DRAWINGS

[0012] Figure 1 shows the output from a GC-FIMS measurement of the
saturate ﬁ-actlon of dewaxed oil processed from three dlfferent crudes, Balder,
Heldrun and Olmeca.

[0013] Flgure 2 shows the concentratlon of species during air ox1dat10n with

cobalt acetate of the 82N white oil at 125°C
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DETAILED DESCRIPTION OF THE INVENTION -

[0014] The petroleum feeds to the presépt proceés include crude oils, distillate
fractions, and other petroleum streams that may contain rmg specles in the form of
naphthene and aromatic compounds Such feeds may be feeds for the productlon of
lubricant oil basestocks or may be feeds for the productxon of dlstlllate ﬁ;els such as
diesels. Naphthenes are cycloparafﬁns havmg one or more cychc rmgs The nngs ,
may have 5 or more carbon atoms and-may be substituted with substituents such as
alkyl groﬁps containing 1-20 carbon atoms. Examples of one ring naphthenes
include cyclopentane, cyclohexane, cyclooctane, methyl cyclohexaﬁe ethyl
cyclohexane, and the like. Naphthenes may also be polycychc, ie., contammg
multiple rings. Heavier petroleum fractions commonly include polycychc
naphthenes containing 2, 3, 4, 5 or more cyclic rings which may be fused. The
cyclic rings may contain 5 or more carbon atoms and may bear~ substituents such as
alkyl. The polycyclic naphthenes may also be bridged. Naphthéno-aromatics are
fused polycyclic hydrocarbons containing both éu'omatic and naphthene ring
systems .The fused ring systems may conta{in 2 or more ﬁngs and the rings may
contain 5 or more carbon atoms. Preferred naphthenes and naphtheno-aromatlcs
contain 2 or more rings which may be substituted with alkyl groups. Examples
include decalin, adamantane, cholestane, tetralin, norborane, 3-methyl 1,2-
cyclopentenophenanthrene, 1,2,3 4—tetrahydrcphenanthrene, indane,
perhydroanthracene, perhydrofiuorene and perhydroterphenyl,

[0015] The oil soluble catalysts added to the present process include metals
from Groups 4-12 of the Periodic Table based on the [UPAC format having Groups.
1-18. Examples of metals include V, Cr, Mo, W, Fe, Ni, Co, Pt, Pd, Ru and Mn.
The oil soluble metal catalysts include salts and compounds such as organic acids
such as acyclic, alicyclic and aromatic carboxylates mcludmg carboxylates,
sulfonates, naphthenates, chelates such as acetylacetonates, halides, sulfonates,

organic amines, hetropolyacids and the like that render the metal ol soluble

Preferred oil soluble metal catalysts mclude metal naphthenates metal acetates and o
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metal beta diketonates. The oil soluble metal oatélyst méy also be combined with
inert solvents, especially non-polar solvents such as hydrocarbons, e.g., mineral
oils, turbine oils, naphthenic oils, paraffinic oils, synthetic oil§, etc. The metal
concentrations are from 1 to 1000 wi)pm based on the petroleum feed. The

. preferred reaction temperatures for operation are from 50-250°C, most preferably

in the range of 100-160°C.

[0016] The oxidizing medium is preferably an oxygen-containing gas, ‘more
preferably oxyg«:n’, most nreferably air. Ozone may also be used as an oxidizing :
medium. The oxidizing medium may be mlxed with other non-ox1dlzmg gases or
may be mixed with inert solvent, The oxygen-contammg gas may be added by
conventional means such as frits, spargers, bubbles and the like, or may be added
under pressure to a vessel containing the féed/feed mixture and allowed to diffuse
into the petroleum/catalyst mixture. The conditions for addmg oxygen-containing
gas include tem peraturcs from ambient to 700°C, pressures from atmospheric to
34576 kPa (5000 psig), and treat gas rates up to 534 m*/m> (3000 scf/B).

[0017] An example of paraffin production from a multi-ring naphthene is as

follows ' '
AF(AQCLV@ > ﬁLWW
[001 8] Another example of selective ring opening relates to immature crudes.

Immature crudes have an abundance of "biomarker"” type molecules, which have
retained enough of their original carbon skeleton to be identified by their biological -
precursors. These molecules can be multi-ring naphthenes that have not yet gone
through biodegradation where the "bugs" have cracked off the hydrocarbon
branches from the ring structures. The inherent advantages of these crudes for ring

opening include lube property improvements such as low temperature
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charactéristics, (i.e. pour point énd cold cranking simulator),' increased oxfdativé
staBility, and possible viscésity index benefits. Additionally, the ix'np'fovéments for
fuels include the potential for these long chains to be cracked into species with high . -
cetane quality due to their oppori:unity for intramolecular hydrdgeh abstraction.’ '
The magnitude of the improvement will be depehdeht on the branch location and
molecular size that remain after the opening occurs. A schematic of thé ring
opening of the biomarker cholestane has been shown below. This diagram shows -
possxble Iocatlo ns for ring opening, which will be dependent on the selectwnty of

the mechanism as well as the extent of which the reaction is allowed to proceed.

Cholestanes (C,, Sterancs) A

oSBT

[0019] In the case of naphtheno-aromatlcs, opening of the naphthene ring
portion leads to an aromatic substituted with an alkyl substltuent This results from
the most likely position for attack by peroxide, i.e., the point at which the aromatic

and naphthene rings are joined, producing the alkyl substituted aromatlc The

aromatic substituted with an alkyl substituent may then react to form an aromatlc

moiety and an alkyl moiety.

[0020] In another embodlment the naphtenes and naphtheno-aromatics may -
be the product of a ring saturation process. Ring saturation typlcally occurs as a
result of a catalytic hydrogenation process. In a polycyelic fused ring system
containing both aromatic and naphthenic rings, it may be possible to saturate at
least some of the aromatic rings prior to the ring opening process. dne such
process is hydrotreating. Anéther is ﬁydrocrabking. A mild form of hydrotreating -

is hydrofinishing. Hydrotreating, in addition to ring saturation, may also remove
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sulfur-, nitrogen- and oxygen-containing species by conversion to hydrogen sulfide,

ammonia and water.

[0021] For hydrocrackmg, the catalyst may be any catalyst used for
hydrocracking. $uch catalysts typically employ an ac1dxc large pore size zeolite
within the porous support material with an added metal . .
hydrogenation/dehydrogenation function. The acidic ﬁmctiohality in the
hydrocracking catalyst is provided either by a large pore, amorphous matenal such
as alumina, silica-alumina or silica or by a large pore size crystalline material, .
preferably a larg,e pore size aluminosilicate zeolite such as zeolite X, Y, ZSM-3,_
ZSM-18, ZSM-20 or zeolite beta. The zeolites may be used in various cationic and -
otﬁer forms, preferably forms of higher stability 50 as to resist degradation and
consequent loss of acidic functnonahty under the influence of the hydrothermal
conditions encountered during the hydrocrackmg Thus, forms of enhanced stabxhty
such as the rare earth exchanged large pore zeolites, e.g., REX and REY are
preferred, as well as the so-called ultra stable zeolite Y (USY) and high silica
zeolites such as dealﬁminized, Y or dealuminized mordenite. Hydrocracking
conditions include temperatures of from 300 to 480°C, préferably 315 to 425°C, a
hydrogen partial pressure of from 6996 1020786 kPa (1000 to 3000 psig),
preferably 10443 to 17338 kPa (1500 to 2500 psig), a space velocity of from 0.1 to.
10 LHSV, preferably 0.5 to 5 LHSV, and a hydrogeh to feed ratio of from 173 to
1780 m%/m® (1000 to 10000 Scf/B), preferably 356 to 1780 m*/m° (2000 to 10,000

Sct/B).

[0022]  For hydrotreating, the catalysts are ihoée effective for hydrotreating
such as catalysts containing Groﬁp 6 metals (baéed on the IUPAC Periodic Table
format having Groups from 1 to 18), Groups.8-10 metals, and mixtures thereof.
Pref"erfed metals include nickel, tungsten, moiybdenum, cobalt and mixtures
thereof. These metals or mixtures ofmétals are typically'present as 6xides or
sulfides on refi-actory metal oxide supports. The mixture of metals may also be

present as bulk metal catalysts wherein the amount of metal is 30 wt. % or greater,
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based on catalyst. Sultable metal oxide supports include oxides such as srlrca
alumma, silica-aluminas or titania, preferably alumina. Preferred alumlnas are
porous aluminas such as gamma or eta. The amount of metals, either mdnvndually
or in mrxtures ranges from about 0.5 to 35 wt. %, based on the catalyst. In the case |
of preferred mixtures of groups 9-10 metals with group 6 metals, the groups 9-10
metals are present in amounts of from 0.5 to 5 wt. %, based on catalyst and the

" group 6 metals are present in amounts of from 5 to 30 wt. %. The amounts of
metals may be rneasured by methods specified by ASTM for individual metals .
includiug atomic absorption spectroscopy. or inductively coupled pla'sma-atomic :

emission spectrometry.

[0023] Hydrotreating conditions incliide temperatures of from 150 to 400°C,
preferably 200 to 350°C, a hydrogen partial pressure of from 1480 to 20786 kPa
(200 to 3000 psig), preferably 2859 to 13891 kPa (400 to-2000 psig), a space
velocity of frorn 0.1 to 10 hr.! preferably 0.1 to 5 hr. 1 anda hydrogen to feed ratio
of from 89 to 1780 m’*/m° (500 to 10000 scf/B), preferably 178 to 890 m*/m

[0024] Hy'droﬁnishing is a form of mild hydrotreating directed to saturating
any lube range olefins and residual aromatics as well as to removing any remammg
heteroatoms and color bodies. Generally, the hydroﬁmshmg will be carried out at
temperatures from about 150 to 350°C, preferably 180 to 250°C. Total pressures are
typically from 2859 to 20786 kPa (about 400 to 3000 psig). Liquid hourly space '
velocity is typically from 0.1 to 5 hr.”!, preferably 0.5 to 3 hr.”! and hydrogerr treat
gas rates of from 44.5 to 1780 m*/m’ (250 to 10,000 sc/B).

[0025] Hydrofinishing catalysts are those containing Group 6 metals (based on

the IUPAC Periodic Table format having .Groups from 1 to 18), Groups 8-10
metals, and mixtures thereof. Preferred metals include at least one noble metal
having a strong hydrogenatlon function, especially platinum, palladium and
-mixtures thercof. The mixture of metals may also be present as bulk metal catalysts

wherein the amount of metal is 30 wt. % or greater based on catalyst Suxtable
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metal oxide supports iriclude low acidic oxides such as silica, alumina, silica-
aluminas or titania, preferably alumina. The preferred hydrofinishing catalysts for'
aromatics saturation will comprise at least one metal having relatively strong
hydrogenation function on a porous, support Typical support matenals mclude
amorphous or crvstalhne oxide materials such as alumina, sﬂlca and silica-
alumina. The metal content of the catalyst is often as hlgh as-about 20 wenght
percent for non-nioble metals. Noble metals are usually present in amourrts no
greater than about 1 wt. %. A preferred hydrofinishing catalyst is a mesoporous
material belongmg to the M41S class or family of catalysts. The M418 famrly of
catalysts are mesoporous materials having hrgh silica contents whose preparatlon is
further described in J. Amer. Chem. Soc., 1992 114, 10834. Examples included
MCM-41, MCM-48 and MCM-50. Mesoporous refers to catalysts having pore
sizes from 15 to 100 Angstroms A preferred member of this class is MCM-41
whose preparation is described i in United States Patent Number 5,098,684. MCM-
41 is an inorgani c, porous, non-layered phase having a hexagonal arrangement of
uniformly-sized pores. The physical structure of MCM-41 is like a bundle of straws
wherein the opening of the straws (the cell diameter of the pores) ranges from' 15 to
100 Angstroms. MCM-48 has a cubic symmetry and is described for example, in
United States Patent Number 5,198 203 whereas MCM-50 has a lamellar structure.
MCM-41 can be made with different size pore openings in the mesoporous range.
The mesoporous materials may bear a metal hydrogenation component, which is at
least one of Group 8, Group 9 or Group 10 metals. Preferred are noble metals,

especially Group 10 noble metals, most . preferably Pt, Pd or mixtures thereof.

[0026] The further processing of the peroxide decomposition products is
dependent on the proposed use. Ifthe intended end use is as a fuel for internal
combustion engines, then the presence of additional branched paraffins, oxygenates
and aromatics is useful as these products ﬁom peroxide treatment are helpful to the
octane value. On the other hand, if the intended use is as a diesel fuel, then the

presence of aromatics and o:iygenates may not be desirable from the standpoint of
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cetane value and/or partxculates from combustion. F or lubncant oil purposes
aromatics and oxygenates are not desirable as they may result i in poor VI and low

temperature properties or undesirable oxidation products at high’ temperatures.

[0027] - Ifthe feed contains undesirable amounts of oxygen-, sulfur- or -
nitrogen-contaminants, tﬁen the feed when treated with oxygen in the presence of
oil soluble metal catalyst form oxidized species. The oxidized oxygen-, sulfur- and '
| nitrogen- compounds may then be solvent extracted under solvent extraction. '
conditions. Solvent extraction is used to separate aromatics from paraffins, i.c., the
raffinates are rich in paraffins while the extract is rich in aromatics. "I‘he'nitrogen '
and sulfur compounds are oxidized to more polar species which makes them more
readily separable by solvent extraction. Many nitrogen and sulﬁJr' heterocyclic
compounds contain paraffinic side chains making the rafﬁnate/extract separation .
otherwise more difficult. The nitrogen compounds appears as both basic and non-
basic nitrogen species. Non-limiting examples of basic nitrogen species may |
include quinolines and substituted quinolines, and non-limiting examples of non-
basic nitrogen species may include carbazoles and substituted carbazoles. Sulfur |
compounds ’ir'lclude both non-heterocyclic species such as sulfides, polysulfides and’
mercaptans and heterocyclic species. Heterocyclic compounds include thiophene, -
thiophene derivatives, benzothiophene, and benzothiophene derivatives as well as |

mixed sulfur/nitrogen species such as thiazoles.

[0028] Typically, the solvent extracting process involves contacting a lube oil
boiling range stream with an extraction eolvent. The extraction solvent can be any
solvent known that has an affinity for aromatic hydrocarbons in preference to non-
aromatic hydrocarbons. Non-limiting examples of such solvents i_nclv.ide sulfolane,
furfural, phenol, and N-fnethyl pyrrolidone ("NMP"). Furfural, phenol, and NMP

are preferred.

[0029]  The conditions under which the extraction solvent is contacted with the
feedstream can be any conditions known to be effective in the solvent exu'actlon of’

petroleum feedstrcams. In a preferred embodiment, the temperature and pressure
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are selected to prevent complete miscibility of feedstream in the extraction solvent.
Typical extraction process operating ranges for a treat tower with 10-20 trays
include a tower bottoms temperatures from 50-100°C, tower temperature gradients
from 10-30°, water in solvent concentration of less than 5%, and a down tower .
solvent treat between 100-300 vol% on feed. More preferably, these condltlons
would be a tower bottoms temperature from 60-75°C, gradient of 10-20°, water in’
solvent from 1-2' A), and a treat of 125-200 vol.%. '

[0030} . Upgrading processes for petroleum feeds typically involve one or more
steps 1ncludmg solvent extraction, hydrocracking or hydrotreating; catalytic or .
solvent dewaxing and hydrofinishing. The ring opening step may be incorporated
into the upgrading process as 1llustrated in the followmg This is meant to be
examples of the incorporation of nng opening and should not be construed as
limiting. The ring opening in the following proeess sehemes taices place in a ring

opening oxidation vessel br "ROOV".

1. ROOV before extraction to increase yleld by decreasing loss of

. multi-ring species to the extract.

2. ROOV afier extraction and solvent dewaxing to improve oxidation

stability, VI, and possibly swell volume.

3. ROOV after extraction to open rings producing more paraffin-like

species followed by hydrodewaxing to isomerize.

4. ROOY to work with or replace exisﬁing hydroﬁﬁishers used for

color reduction and oxidation stability improvements.

5. Use in conjunction with oxidatiqn technique to improve extraction

in process scheme #1 or with recycle for #2 & #3.

6. ROOV to work in conjunction with cracking to produce long cham

paraffins with high cetane values.

[0031] This invention is further illustrated by the following examples.
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EXAMPLE 1
[0032] - This example relates to immatufe crudes. Examples of immature

crudes include Chad, Peng Lai, and many high neutrahzatlon number crudes
(Balder, Gryphon, Heidrun, etc.), all of which are deemed attractive for future use
due to their cheap cost. This abundance can be confirmed when analyzmg the 4-
ring naphthene content of different crudes, where a peak should be present

. acknowledgmg the fact that biomarkers such as cholestanes are present. Figure 1
shows the output from a GC-FIMS (field ionization mass spectrometry)
measurement of the saturate fraction of DWO (dewaxed oil) processed from three
different crqdes, Balder, Heldrun, and Olmeca. It shows that the Balder and
Heidrun crudes have an abundance of 4-ring naphtheﬁ'es in the Cy7 to C39 regieli
indicative of an immature crude and the presence of biomarkers, not present in a
typical "good" lube crude such as Olmeca (also shown in Flgure 1). Therefore, thxs
invention aims to take advantage of the fact that these immature crudes.will have
longer branches on their naphthene rings than older crudes that have gone through
more extensive blodegradatlon This mvent10n will open up the ring structures of

these molecular species to produce species for improved lubricant properties.

EXAMPLE 2

[0033] . This example is directed to oxidation of a white oil under mild reactlon
conditions. The oxidation was conducted at 125°C and an air flow rate of 500
cc/min in the presence of 500 ppm Cobalt Acetate catalyst on a medicinal grade
white oil with a nominal viscosity of 82 SUS. These samples were analyzed by

. FTIR, which showed the presence of a small amounf of carboxiyl species, although
the signal was not very strong. In addition to FTIR, the samples were further
analyzed by proton NMR, the spectra showed the presence of alcohols and esters.
Furthermore, the level of oxygenates (as derived from the relative contnbutlon to

the overall hydrogen content) increased with the increased severity of the ox1datxon

in the experimental run.
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[0034] The most definitive analysis was.ccl)nducted using GC-FIMS to
understand their molecular composition. It was found that the oxidation caused
almost a 20% decrease in the ratio of the relative amount of ring structured -
molecules to paraffin molecules, as.éhown in Figure 2. Figure 2 shows the
concentration of species during air oxidation with cobalt acetate of the 82N white
oil at 125°C. Likewise, the ratio of the concentration of Z-ring and larger spéciés to
1-ring and paraffin molecules decreased by about 15%. These trends support the |
idea that the oxidation is causing ring opening by the act of breaking down the
larger nnged species into smaller ringed and/or paraffin species m the oil. Thxs
data glves a better justification of the extent of the reaction and final branchmg
achieved during the oxidation. The branching extent and location becomes crucial
when trying to determine the optimal application for this technology. While in
lubes service, it would be most beneficial to produce lbng chained linear molecules
for the VI incentives. But when looking at a fuels scenai‘io there exits the cetane
versus octane quandary. This could be solved by segregatmg the products that may
best suit a boost in cetane or vice versa, for octane. A potential process for
mediating the branch location dilemma could be the use of an acid catalyst such as
Si0,/Al,0; or sulfated zirconia to generate, for example, more methyl branches. .
Additionally, the presence of oxygenétes may help or hinder the préduct properties
and may need to be hydrogenéted in order to truncate the oxygen species. The low
yields in this experiment can be at least in part ai%tribqted to the relatively mild
conditions and non optimum catalyst levels énd solvents e.g. acidic media.
Optimiiing thesie operating parameters are expectéd to lead to much higher yields,
and VT's.-
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CLAIMS:

| 1. A method for selectively ring opeﬁing napﬁtheneé or aromatics in a
petroleum feed containing naphthemc or aromatic rmg specles whlch compnses
combining the pctroleum feed with a catalytically effective amount of an oil soluble
metal catalyst to form a mixture of feed and catalyst, and addmg to the mixture of

feed and catalyst. an oxygen-containing gas under ring opéning conditions.

2. A method for selectively rihg opening naphthenes or aromatics in a
petroleum feed containing naphthenic or aromatic ring species whlch compnses
(a) contacting the feed w1th an oxygen-containing gas, (b) adding to the feed
contacted with oxygen-containing gas a catalytically effective amour_lt of an oil
soluble catalyst and (c) continuing adding‘oxygen-c':ontaining gas under ring.

opening conditions.

3. An upgrading process for upérading a pet'roléum feed which cbmprises
contacting the fized in an upgradmg process incorporating selective ring opemng,
said upgrading including at least one of hydrocracking, hydrotreating, ’
hydrodewaxing, solvent dewaxing, solvent extracting and hydrofinishing, wherein -
selective ring opening is by (a) combining the petroleum feed with a cétalytically
effective amount of an oil soluble metal catalyst to form a mixture of feed and
catalyst, and adding to the mixture of feed and catalyst an oxygen-contamuuzT gas
under ring operung conditions or (b) contacting the feed with an oxygen-contammg
gas, adding to the feed contacted with oxygen-containing gas a catalytically |
effective amount of an oil soluble catalyst and continuing addmg oxygen—

containing gas under ring opening conditions.

4. The process of claims 1 or 2 wherein ring opening conditions for édding .
oxygen-containing gas include temperatures from ambient to 700°C pressures from
atmospheric to 34576 kPa (5000 psig), and treat gas rates up to 534 m3/m (3000
scf/B).
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5. The upgrading process of claim 3 wheréin ring opening conditions for
adding oxygen-containing gas include témperatures from ambient to 700°C,
pressures from atmospheric to 34576 kPa (5000 psig), and treat gas rates up to 534

m*/m® (3000 scf/B).

6. The process of clalms 1t03 wherem the oil soluble metal catalyst

1nclude metals firom Groups 4-12

_ 7. The process of claim 6 wherein the metal include at least one of V,Cr,
Mo, W, Fe, Ni, Co, Pt, Pd, Ru and Mn. |

8. The process of claim 6 wherein the metal soluble catalyst is present in an

amount from 1 to 1000 wppm based on feed.

9. The process of claims 1 to 3 wherein the feed may be feeds for the
production of lubricant oil basestocks or may be feeds for the production of

distillate fuels.

10. The process of claim 3 wherein ring opening is incorporated into the

upgrading process.

11. The process of claim 10 wherein ring opening takes place in a ring

opening vessel which vessel is incorporated into the upgrading process.
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