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(57) ABSTRACT 
Methods of producing a total product are described. A 
method includes contacting a feed With a hydrogen source in 
the presence of one or more inorganic salt catalysts and 
steam to produce a total product; and controlling contacting 
conditions such that the conversion of feed to hydrocarbon 
gas and hydrocarbon liquid in the total product is between 
5% and 50%, based on the molar amount of carbon in the 
feed. 
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METHODS FOR PRODUCING A TOTAL PRODUCT 
WITH SELECTIVE HYDROCARBON 

PRODUCTION 

CROSS REFERENCE TO RELATED 
APPLICATION 

[0001] This application claims the bene?t of US. Provi 
sional Application 60/805,579 ?led Jun. 22, 2006, the entire 
disclosure of Which is hereby incorporated by reference. 

FIELD OF THE INVENTION 

[0002] The present invention generally relates to systems 
and methods for treating feed, and to compositions that are 
produced, for example, using such systems and methods. 

DESCRIPTION OF RELATED ART 

[0003] Crudes that have one or more unsuitable properties 
that do not alloW the crudes to be economically transported, 
or processed using conventional facilities, are commonly 
referred to as “disadvantaged crudes”. 

[0004] Disadvantaged crudes often contain relatively high 
levels of residue. Such crudes tend to be dif?cult and 
expensive to transport and/or process using conventional 
facilities. High residue crudes may be treated at high tem 
peratures to convert the crude to coke. Alternatively, high 
residue crudes are typically treated With Water at high 
temperatures to produce less viscous crudes and/or crude 
mixtures. During processing, Water removal from the less 
viscous crudes and/or crude mixtures may be dif?cult using 
conventional means. 

[0005] Disadvantaged crudes may include hydrogen de? 
cient hydrocarbons. When processing hydrogen de?cient 
hydrocarbons, consistent quantities of hydrogen generally 
need to be added, particularly if unsaturated fragments 
resulting from cracking processes are produced. Hydroge 
nation during processing, Which typically involves the use of 
an active hydrogenation catalyst, may also be needed to 
inhibit unsaturated fragments from forming coke. Processes 
such as reforming that are used to produce hydrogen are 
generally endothermic and, typically, require additional 
heat. Hydrogen and/or heat is costly to produce and/or costly 
to transport to treatment facilities. 

[0006] Coke may form and/ or deposit on catalyst surfaces 
at a rapid rate during processing of disadvantaged crudes. It 
may be costly to regenerate the catalytic activity of a catalyst 
contaminated by coke. High temperatures used during 
regeneration may also diminish the activity of the catalyst 
and/or cause the catalyst to deteriorate. 

[0007] Disadvantaged crudes may include acidic compo 
nents that contribute to the total acid number (“TAN”) of the 
feed. Disadvantaged crudes With a relatively high TAN may 
contribute to corrosion of metal components during trans 
porting and/or processing of the disadvantaged crudes. 
Removal of acidic components from disadvantaged crudes 
may involve chemically neutraliZing acidic components 
With various bases. Altemately, corrosion-resistant metals 
may be used in transportation equipment and/or processing 
equipment. The use of corrosion-resistant metal often 
involves signi?cant expense, and thus, the use of corrosion 
resistant metal in existing equipment may not be desirable. 
Another method to inhibit corrosion may involve addition of 
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corrosion inhibitors to disadvantaged crudes before trans 
porting and/or processing of the disadvantaged crudes. The 
use of corrosion inhibitors may negatively affect equipment 
used to process the crudes and/or the quality of products 
produced from the crudes. 

[0008] Disadvantaged crudes may contain relatively high 
amounts of metal contaminants, for example, nickel, vana 
dium, and/or iron. During processing of such crudes, metal 
contaminants, and/or compounds of metal contaminants, 
may deposit on a surface of the catalyst or the void volume 
of the catalyst. Such deposits may cause a decline in the 
activity of the catalyst. 

[0009] Disadvantaged crudes often include organically 
bound heteroatoms (for example, sulfur, oxygen, and nitro 
gen). Organically bound heteroatoms may, in some situa 
tions, have an adverse effect on catalysts. Alkali metal salts 
and/or alkaline-earth metal salts have been used in processes 
for desulfuriZation of residue. These processes tend to result 
in poor desulfuriZation ef?ciency, production of oil insoluble 
sludge, poor demetalliZation e?iciency, formation of sub 
stantially inseparable salt-oil mixtures, utiliZation of large 
quantities of hydrogen gas, and/or relatively high hydrogen 
pressures. 

[0010] Some processes for improving the quality of crude 
include adding a diluent to disadvantaged crudes to loWer 
the Weight percent of components contributing to the dis 
advantaged properties. Adding diluent, hoWever, generally 
increases costs of treating disadvantaged crudes due to the 
costs of diluent and/or increased costs to handle the disad 
vantaged crudes. Addition of diluent to a disadvantaged 
crude may, in some situations, decrease stability of such 
crude. 

[0011] US. Pat. Nos. 3,847,797 to Pasternak et al.; 3,948, 
759 to King et al.; 3,957,620 to Fukui et al.; 3,960,706 to 
McCollum et al.; 3,960,708 to McCollum et al.; 4,119,528 
to Baird, Jr. et al.; 4,127,470 to Baird, Jr. et al.; 4,437,980 to 
Heredy et al.; and 4,665,261 to MaZurek; all of Which are 
incorporated herein by reference, describe various processes 
and systems used to treat crudes. U.S. Published Application 
Nos. 20050133405; 20050133406; 20050135997; 
20050139512; 20050145536; 20050145537; 20050145538; 
20050155906; 20050167321; 20050167322; 20050167323; 
20050170952; and 20050173298 to Wellington et al. all of 
Which are incorporated herein by reference, describe contact 
of a feed in the presence of a catalyst to produce a crude 
product. The process, systems, and catalysts described in 
these patents, hoWever, have limited applicability because of 
many of the technical problems set forth above. 

[0012] In sum, disadvantaged crudes generally have unde 
sirable properties (for example, relatively high residue, a 
tendency to corrode equipment, and/or a tendency to con 
sume relatively large amounts of hydrogen during treat 
ment). Other undesirable properties include relatively high 
amounts of undesirable components (for example, relatively 
high TAN, organically bound heteroatoms, and/or metal 
contaminants). Such properties tend to cause problems in 
conventional transportation and/or treatment facilities, 
including increased corrosion, decreased catalyst life, pro 
cess plugging, and/or increased usage of hydrogen during 
treatment. Thus, there is a signi?cant economic and techni 
cal need for improved systems, methods, and/or catalysts for 
conversion of disadvantaged crudes into crude products With 
properties that are more desirable. 



US 2007/0295647 A1 

SUMMARY OF THE INVENTION 

[0013] Inventions described herein generally relate to sys 
tems and methods for contacting a feed With one or more 
catalysts to produce a total product comprising a crude 
product and, in some embodiments, non-condensable gas. 
Inventions described herein also generally relate to compo 
sitions that have novel combinations of components therein. 
Such compositions can be obtained by using the systems and 
methods described herein. 

[0014] In certain embodiments, the invention provides a 
system for producing a total product, comprising: a contact 
ing Zone, the contacting Zone being con?gured to ?uidiZe a 
supported inorganic salt catalyst in the presence of a feed, 
steam and a hydrogen source to produce the total product; a 
regeneration Zone con?gured to receive at least a portion of 
the supported inorganic salt catalyst from the contacting 
Zone and remove at least a portion of contaminants from the 
supported inorganic salt catalyst; and a recovery Zone, the 
recovery Zone being con?gured to receive combustion gas 
from the regeneration Zone, Wherein the recovery Zone is 
con?gured to separate at least a portion of inorganic salts 
from the combustion gas. 

[0015] In certain embodiments, the invention provides a 
method of producing total product, comprising: providing a 
feed to a contacting Zone; providing an inorganic salt 
catalyst to the contacting Zone; contacting the inorganic salt 
catalyst With the feed in the presence of a hydrogen source 
and steam in the contacting Zone; producing a total product 
and a used inorganic salt catalyst; heating the used inorganic 
salt catalyst to remove at least a portion of contaminants 
from the inorganic salt catalyst, Wherein a combustion gas is 
produced during the heating of the used inorganic salt 
catalyst; and recovering inorganic salts from the combustion 
gas. 

[0016] In certain embodiments, the invention provides a 
method of producing total product, comprising: providing a 
feed to a contacting Zone; providing an inorganic salt 
catalyst to the contacting Zone; contacting the inorganic salt 
catalyst With the feed in the presence of a hydrogen source 
and steam such that the inorganic salt catalyst becomes 
?uidized in the contacting Zone; and producing a total 
product. 
[0017] In certain embodiments, the invention provides a 
method of producing a total product, comprising: providing 
a feed to a contacting Zone; providing a supported inorganic 
salt catalyst to the contacting Zone; contacting the supported 
inorganic salt catalyst With the feed in the presence of a 
hydrogen source and steam in the contacting Zone; and 
producing the total product. 
[0018] In certain embodiments, the invention provides a 
method of producing a crude product, comprising: providing 
a feed to a contacting Zone, Wherein the feed has at total 
content, per gram of feed, of at least 0.9 grams of hydro 
carbons having a boiling range distribution between 3430 C. 
and 5380 C.; providing a supported inorganic salt catalyst to 
the contacting Zone; contacting the supported inorganic salt 
catalyst With the feed in the presence of a hydrogen source 
and steam such that the supported inorganic salt catalyst 
becomes ?uidized; and producing a total product that 
includes a crude product, and the crude product having a 
total content of at least 0.2 grams per gram of crude product 
of hydrocarbon have a boiling range distribution between 
2040 C. and 3430 C. 
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[0019] In certain embodiments, the invention provides a 
method of producing a total product, comprising: contacting 
a feed With a hydrogen source in the presence of one or more 
inorganic salt catalysts and steam to produce a total product; 
and controlling contacting conditions such that the conver 
sion of feed to hydrocarbon gas and hydrocarbon liquid is 
betWeen 5% and 50%, based on the molar amount of carbon 
in the feed. 

[0020] In certain embodiments, the invention provides a 
method of producing a total product, comprising: contacting 
a feed With light hydrocarbons in the presence of one or 
more inorganic salt catalysts and steam to produce a total 
product; and controlling contacting conditions such that at 
least 50% of the light hydrocarbons are recovered; and 
producing a total product, Wherein a ratio of atomic hydro 
gen to carbon (H/C) in the total product is betWeen 80% and 
120% of the atomic H/C of the feed. 

[0021] In certain embodiments, the invention provides a 
method of producing a total product, comprising: providing 
a feed to a contacting Zone; providing a supported inorganic 
salt catalyst to the contacting Zone; contacting the supported 
inorganic salt catalyst With the feed in the presence of a 
hydrogen source and steam in the contacting Zone at a 
temperature of at most 10000 C. and a total operating 
pressure of at most 4 MPa; and producing the total product. 

[0022] In certain embodiments, the invention provides a 
method of producing a total product, comprising: continu 
ously contacting a feed With a hydrogen source in the 
presence of one or more inorganic salt catalysts and steam 
to produce a total product, Wherein the feed has at least 0.02 
grams of sulfur, per gram of feed; and producing a total 
product that includes that includes coke and the crude 
product, Wherein the crude product has a sulfur content of at 
most 90% of the sulfur content of the feed and the content 
of coke is at most 0.2 grams, per gram of feed. 

[0023] In further embodiments, features from speci?c 
embodiments may be combined With features from other 
embodiments. For example, features from the any one of the 
series of embodiments may be combined With features from 
any of the other series of embodiments. 

[0024] In further embodiments, total products are obtain 
able by any of the methods and systems described herein. 

[0025] In further embodiments, additional features may be 
added to the speci?c embodiments described herein. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0026] Advantages of the present invention Will become 
apparent to those skilled in the art With the bene?t of the 
folloWing detailed description and upon reference to the 
accompanying draWings in Which: 
[0027] FIG. 1 is a schematic of an embodiment of a 
contacting system for contacting the feed With a hydrogen 
source in the presence of one or more catalysts to produce 
the total product. 

[0028] FIG. 2 is a schematic of another embodiment of a 
contacting system for contacting the feed With a hydrogen 
source in the presence of one or more catalysts to produce 
the total product. 

[0029] FIG. 3 is a schematic of an embodiment of a 
contacting system for ?uidly contacting the feed With a 
hydrogen source in the presence of one or more catalyst to 
produce the total product. 
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[0030] FIG. 4 is a schematic of another embodiment of a 
contacting system for ?uidly contacting the feed With a 
hydrogen source in the presence of one or more catalyst to 
produce the total product. 

[0031] FIG. 5 is a schematic of an embodiment of a 
separation Zone in combination With a contacting system. 

[0032] FIG. 6 is a schematic of an embodiment of a 
blending Zone in combination With a contacting system. 

[0033] FIG. 7 is a schematic of an embodiment of a 
separation Zone, a contacting system, and a blending Zone. 

[0034] FIG. 8 is a schematic of an embodiment of multiple 
contacting systems. 
[0035] FIG. 9 is a schematic of an embodiment of an ionic 
conductivity measurement system. 

[0036] FIG. 10 is a graphical representation oflog l0 plots 
of ion currents of emitted gases of an inorganic salt catalyst 
versus temperature, as determined by TAP. 

[0037] FIG. 11 is a graphic representation of log plots of 
the resistance of inorganic salt catalysts and an inorganic salt 
relative to the resistance of potassium carbonate versus 
temperature. 

[0038] FIG. 12 is a graphic representation of log plots of 
the resistance of a Na2CO3/K2CO3/Rb2CO3 catalyst relative 
to resistance of the potassium carbonate versus temperature. 

[0039] FIG. 13 is a graphical representation of Weight 
percent of coke, liquid hydrocarbons, and gas versus various 
hydrogen sources produced from embodiments of contact 
ing the feed With the inorganic salt catalyst. 

[0040] FIG. 14 is a graphical representation of Weight 
percentage versus carbon number of crude products pro 
duced from embodiments of contacting the feed With the 
inorganic salt catalyst. 
[0041] FIG. 15 is a tabulation of components produced 
from embodiments of contacting the feed With inorganic salt 
catalysts, a metal salt, or silicon carbide. 

[0042] FIG. 16 is a graphical representation of product 
selectivity versus calcium oxide, magnesium oxide, Zirco 
nium oxide, and silicon carbide. 

[0043] FIG. 17 is a tabulation of components produced 
from embodiments of contacting the feed With a supported 
inorganic salt catalyst and an E-Cat. 

[0044] FIG. 18 is a graphical representation of compo 
nents produced from embodiments of contacting the feed 
With a supported inorganic salt catalyst and an E-Cat. 

[0045] While the invention is susceptible to various modi 
?cations and alternative forms, speci?c embodiments 
thereof are shoWn by Way of example in the draWings and 
Will herein be described in detail. The draWings may not be 
to scale. It should be understood that the draWings and 
detailed description thereto are not intended to limit the 
invention to the particular form disclosed, but on the con 
trary, the intention is to cover all modi?cations, equivalents, 
and alternatives falling Within the spirit and scope of the 
present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0046] The above problems may be addressed using sys 
tems, methods, and catalysts described herein. For example, 
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a feed and an inorganic salt catalyst may be provided to a 
contacting Zone. Contact of the inorganic salt catalyst With 
the feed may be performed such that the inorganic salt 
catalyst becomes ?uidized in the contacting Zone and a total 
product is produced. 

[0047] Certain embodiments of the inventions are 
described herein in more detail. Terms used herein are 
de?ned as folloWs. 

[0048] “Alkali metal(s)” refer to one or more metals from 
Column 1 of the Periodic Table, one or more compounds of 
one or more metals from Column 1 of the Periodic Table, or 
mixtures thereof. 

[0049] “Alkaline-earth metal(s)” refer to one or more 
metals from Column 2 of the Periodic Table, one or more 
compounds of one or more metals from Column 2 of the 
Periodic Table, or mixtures thereof. 

[0050] “AMU” refers to atomic mass unit. 

[0051] “ASTM” refers to American Standard Testing and 
Materials. 

[0052] “Asphaltenes” refers to organic materials that are 
found in crudes that are not soluble in straight-chain hydro 
carbons such as n-pentane or n-heptane. Asphaltene, in some 
embodiments, include aromatic and naphthenic ring com 
pounds containing heteroatoms. 

[0053] Atomic hydrogen percentage and atomic carbon 
percentage of feed, crude product, naphtha, kerosene, diesel, 
and VGO are as determined by ASTM Method D5291. 

[0054] “API gravity” refers to API gravity at 15.50 C. API 
gravity is as determined by ASTM Method D6822. 

[0055] “Bitumen” refers to one type of crude produced 
and/or retorted from a hydrocarbon formation. 

[0056] Boiling range distributions for the feed and/ or total 
product are as determined by ASTM Methods D5307, unless 
otherWise mentioned. Content of hydrocarbon components, 
for example, paraf?ns, iso-paraf?ns, ole?ns, naphthenes and 
aromatics in naphtha are as determined by ASTM Method 
D6730. Content of aromatics in diesel and VGO is as 
determined by IP Method 368/90. Content of aromatics in 
kerosene is as determined by ASTM Method D5186. 

[0057] “Bronsted-LoWry acid” refers to a molecular entity 
With the ability to donate a proton to another molecular 
entity. 
[0058] “Bronsted-LoWry base” refers to a molecular entity 
that is capable of accepting protons from another molecular 
entity. Examples of Bronsted-LoWry bases include hydrox 
ide (OH'), Water (H2O), carboxylate (RCO2_), halide (Br', 
Cl‘, F‘, I‘), bisulfate (HSOJ), and sulfate ($042‘). 

[0059] “Catalyst” refers to one or more supported cata 
lysts, one or more unsupported catalysts, or mixtures 
thereof. 

[0060] “Carbon number” refers to the total number of 
carbon atoms in a molecule. 

[0061] “Coke” refers to solids containing carbonaceous 
solids that are not vaporiZed under process conditions. The 
content of coke is as determined by mass balance. The 
Weight of coke is the total Weight of solid minus the total 
Weight of input catalysts. 
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[0062] “Content” refers to the Weight of a component in a 
substrate (for example, a crude, a total product, or a crude 
product) expressed as Weight fraction or Weight percentage 
based on the total Weight of the substrate. “Wtppm” refers 
to parts per million by Weight. 

[0063] “Diesel” refers to hydrocarbons With a boiling 
range distribution betWeen 260° C. and 343° C. (500-650° 
F.) at 0.101 MPa. Diesel content is as determined by ASTM 
Method D2887. 

[0064] “Distillate” refers to hydrocarbons With a boiling 
range distribution betWeen 204° C. and 343° C. (400-650° 
F.) at 0.101 MPa. Distillate content is as determined by 
ASTM Method D2887. Distillate may include kerosene and 
diesel. 

[0065] 
[0066] “Feed” refers to a crude, disadvantaged crude, a 
mixture of hydrocarbons, or combinations thereof that are to 
be treated as described herein. 

[0067] “Freeze point” and “freeZing point” refer to the 
temperature at Which formation of crystalline particles 
occurs in a liquid. A freeZing point is as determined by 
ASTM D2386. 

[0068] “GC/MS” refers to gas chromatography in combi 
nation With mass spectrometry. 

[0069] “Hard base” refers to anions as described by Pear 
son in Journal ofAmerican Chemical Society, 1963, 85, p. 
3533, Which is incorporated by reference herein. 

[0070] “H/C” refers to a Weight ratio of atomic hydrogen 
to atomic carbon. H/C is as determined from the values 
measured for Weight percentage of hydrogen and Weight 
percentage of carbon by ASTM Method D5291. 

[0071] “Heteroatoms” refer to oxygen, nitrogen, and/or 
sulfur contained in the molecular structure of a hydrocarbon. 
Heteroatoms content is as determined by ASTM Methods 
E385 for oxygen, D5762 for nitrogen, and D4294 for sulfur. 

[0072] “Hydrogen source” refers to hydrogen, and/or a 
compound and/ or compounds When in the presence of a feed 
and the catalyst react to provide hydrogen to one or more 
compounds in the feed. A hydrogen source may include, but 
is not limited to, hydrocarbons (for example, C1 to C6 
hydrocarbons such as methane, ethane, propane, butane, 
pentane, naphtha), Water, or mixtures thereof. A mass bal 
ance is conducted to assess the net amount of hydrogen 
provided to one or more compounds in the feed. 

[0073] “Inorganic salt” refers to a compound that is com 
posed of a metal cation and an anion. 

[0074] “IP” refers to the Institute of Petroleum, noW the 
Energy Institute of London, United Kingdom. 

“DSC” refers to differential scanning calorimetry. 

[0075] “Iso-para?ins” refer to branched-chain saturated 
hydrocarbons. 

[0076] “Kerosene” refers to hydrocarbons With a boiling 
range distribution betWeen about 204° C. and about 260° C. 
(400-500° F.) at 0.101 MPa. Kerosene content is as deter 
mined by ASTM Method D2887. 

[0077] “LeWis acid” refers to a compound or a material 
With the ability to accept one or more electrons from another 
compound. 
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[0078] “LeWis base” refers to a compound and/or material 
With the ability to donate one or more electrons to another 
compound. 
[0079] “Light Hydrocarbons” refer to hydrocarbons hav 
ing carbon numbers in a range from 1 to 6. 

[0080] “Liquid mixture” refers to a composition that 
includes one or more compounds that are liquid at standard 
temperature and pressure (25° C., 0.101 MPa, hereinafter 
referred to as “STP”), or a composition that includes a 
combination of one or more compounds that are liquid at 
STP With one or more compounds that are solid at STP. 

[0081] “Micro-Carbon Residue” (“MCR”) refers to a 
quantity of carbon residue remaining after evaporation and 
pyrolysis of a substance. MCR content is as determined by 
ASTM Method D4530. 

[0082] “Naphtha” refers to hydrocarbon components With 
a boiling range distribution betWeen 38° C. and 204° C. 
(100-400° F.) at 0.101 MPa. Naphtha content is as deter 
mined by ASTM Method D2887. 

[0083] “Ni/V/Fe” refers to nickel, vanadium, iron, or 
combinations thereof. 

[0084] “Ni/V/Fe content” refers to Ni/V/Fe content in a 
substrate. Ni/V/Fe content is as determined by ASTM 
Method D5863. 

[0085] “Nm3/m3” refers to normal cubic meters of gas per 
cubic meter of feed. 

[0086] “Nonacidic” refers to LeWis base and/or Bronsted 
LoWry base properties. 

[0087] “Non-condensable gas” refers to components and/ 
or a mixture of components that are gases at standard 
temperature and pressure (25° C., 0.101 MPa, hereinafter 
referred to as “STP”). 

[0088] “n-Para?ins” refer to normal (straight chain) satu 
rated hydrocarbons. 

[0089] “Octane number” refers to a calculated numerical 
representation of the antiknock properties of a motor fuel 
compared to a standard reference fuel. A calculated octane 
number of naphtha is as determined by ASTM Method 
D6730. 

[0090] “Ole?ns” refer to compounds With non-aromatic 
carbon-carbon double bonds. Types of ole?ns include, but 
are not limited to, cis, trans, terminal, internal, branched, and 
linear. 

[0091] “Periodic Table” refers to the Periodic Table as 
speci?ed by the International Union of Pure and Applied 
Chemistry (IUPAC), November 2003. 

[0092] “Polyaromatic compounds” refer to compounds 
that include tWo or more aromatic rings. Examples of 
polyaromatic compounds include, but are not limited to, 
indene, naphthalene, anthracene, phenanthrene, ben 
Zothiophene, and dibenZothiophene. 

[0093] “Residue” refers to components that have a boiling 
range distribution above 538° C. (1000° F.) at 0.101 MPa, as 
determined by ASTM Method D5307. 

[0094] “Semiliquid” refers to a phase of a substance that 
has properties of a liquid phase and a solid phase of the 
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substance. Examples of semiliquid inorganic salt catalysts 
include a slurry and/or a phase that has a consistency of, for 
example, ta?fy, dough, or toothpaste. 

[0095] “SCFB” refers to standard cubic feet of gas per 
barrel of feed. 

[0096] “Spent hydroprocessing catalyst” refers to any 
catalyst that is no longer considered acceptable for use in a 
hydrotreating and/or a hydrocracking catalytic process. 
Spent hydroprocessing catalysts include, but are not limited 
to, nickel sul?de, vanadium sul?de, and/or molybdenum 
sul?de. 

[0097] “Superbase” refers to a material that can deproto 
nate hydrocarbons such as para?ins and ole?ns under reac 
tion conditions. 

[0098] “TAN” refers to a total acid number expressed as 
milligrams (“mg”) of KOH per gram (“g”) of sample. TAN 
is as determined by ASTM Method D664. 

[0099] 
[0100] “VGO” refers to components With a boiling range 
distribution betWeen about 343° C. and about 538° C. 
(650-1000° F.) at 0.101 MPa. VGO content is as determined 
by ASTM Method D2887. 

[0101] “WHSV” refers to a Weight of feed/unit time 
divided by a volume of catalyst expressed as hours-l. 

“TAP” refers to temporal-analysis-of-products. 

[0102] All referenced methods are incorporated herein by 
reference. In the context of this application, it is to be 
understood that if the value obtained for a property of the 
composition tested is outside of the limits of the test method, 
the test method may be recalibrated to test for such property. 
It should be understood that other standardized testing 
methods that are considered equivalent to the referenced 
testing methods may be used. 

[0103] Crudes may be produced and/or retorted from 
hydrocarbon containing formations and then stabiliZed. 
Crudes are generally solid, semi-solid, and/or liquid. Crudes 
may include crude oil. Stabilization may include, but is not 
limited to, removal of non-condensable gases, Water, salts, 
or combinations thereof, from the crude to form a stabiliZed 
crude. Such stabiliZation may often occur at, or proximate 
to, the production and/or retorting site. 

[0104] StabiliZed crudes typically have not been distilled 
and/ or fractionally distilled in a treatment facility to produce 
multiple components With speci?c boiling range distribu 
tions (for example, naphtha, distillates, VGO, and/or lubri 
cating oils). Distillation includes, but is not limited to, 
atmospheric distillation methods and/or vacuum distillation 
methods. Undistilled and/or unfractionated stabiliZed crudes 
may include components that have a carbon number above 
4 in quantities of at least 0.5 grams of components per gram 
of crude. Examples of stabiliZed crudes include Whole 
crudes, topped crudes, desalted crudes, desalted topped 
crudes, or combinations thereof. “Topped” refers to a crude 
that has been treated such that at least some of the compo 
nents that have a boiling point beloW 35° C. at 0.101 MPa 
are removed. Typically, topped crudes have a content of at 
most 0.1 grams, at most 0.05 grams, or at most 0.02 grams 
of such components per gram of the topped crude. 

[0105] Some stabiliZed crudes have properties that alloW 
the stabiliZed crudes to be transported to conventional 
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treatment facilities by transportation carriers (for example, 
pipelines, trucks, or ships). Other crudes have one or more 
unsuitable properties that render them disadvantaged. Dis 
advantaged crudes may be unacceptable to a transportation 
carrier, and/or a treatment facility, thus imparting a loW 
economic value to the disadvantaged crude. The economic 
value may be such that a reservoir that includes the disad 
vantaged crude that is deemed too costly to produce, trans 
port, and/or treat. 

[0106] Properties of disadvantaged crudes may include, 
but are not limited to: a) TAN of at least 0.5; b) viscosity of 
at least about 0.2 Pa~s; c) API gravity ofat most 19; d) a total 
Ni/V/Fe content of at least 0.00005 grams or at least 0.0001 
grams of Ni/V/Fe per gram of crude; e) a total heteroatoms 
content of at least 0.005 grams of heteroatoms per gram of 
crude; f) a residue content of at least 0.01 grams of residue 
per gram of crude; g) an asphaltenes content of at least 0.04 
grams of asphaltenes per gram of crude; h) a MCR content 
of at least 0.02 grams of MCR per gram of crude; or i) 
combinations thereof. In some embodiments, disadvantaged 
crude may include, per gram of disadvantaged crude, at least 
0.2 grams of residue, at least 0.3 grams of residue, at least 
0.5 grams of residue, or at least 0.9 grams of residue. In 
certain embodiments, disadvantaged crude has about 0.2 
0.99 grams, about 0.3-0.9 grams, or about 0.4-0.7 grams of 
residue per gram of disadvantaged crude. In certain embodi 
ments, disadvantaged crudes, per gram of disadvantaged 
crude, may have a sulfur content of at least 0.001 grams, at 
least 0.005 grams, at least 0.01 grams, at least 0.02 grams, 
at least 0.03 grams, or at least 0.04 grams. In some embodi 
ments, disadvantaged crudes may have a nitrogen content of 
at least 0.001 grams, at least 0.005 grams, at least 0.01 
grams, or at least 0.02 grams per gram of disadvantaged 
crude. 

[0107] Disadvantaged crudes may include a mixture of 
hydrocarbons having a range of boiling points. Disadvan 
taged crudes may include, per gram of disadvantaged crude: 
at least 0.001 grams, at least 0.005 grams, or at least 0.01 
grams of hydrocarbons With a boiling range distribution 
betWeen about 200° C. and about 300° C. at 0.101 MPa; at 
least 0.001 grams, at least 0.005 grams, or at least 0.01 
grams of hydrocarbons With a boiling range distribution 
betWeen about 300° C. and about 400° C. at 0.101 MPa; and 
at least 0.001 grams, at least 0.005 grams, or at least 0.01 
grams of hydrocarbons With a boiling range distribution 
betWeen about 400° C. and about 700° C. at 0.101 MPa, or 
combinations thereof. 

[0108] In some embodiments, disadvantaged crudes may 
also include, per gram of disadvantaged crude, at least 0.001 
grams, at least 0.005 grams, or at least 0.01 grams of 
hydrocarbons With a boiling range distribution of at most 
200° C. at 0.101 MPa in addition to higher boiling compo 
nents. Typically, the disadvantaged crude has, per gram of 
disadvantaged crude, a content of such hydrocarbons of at 
most 0.2 grams, or at most 0.1 grams. 

[0109] In certain embodiments, disadvantaged crudes may 
include, per gram of disadvantaged crude, up to 0.9 grams, 
or up to 0.99 grams of hydrocarbons With a boiling range 
distribution of at least 300° C. In certain embodiments, 
disadvantaged crudes may also include, per gram of disad 
vantaged crude, at least 0.001 grams of hydrocarbons With 
a boiling range distribution of at least 650° C. In certain 
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embodiments, disadvantaged crudes may include, per gram 
of disadvantaged crude, up to about 0.9 grams, or up to about 
0.99 grams of hydrocarbons With a boiling range distribution 
betWeen about 3000 C. and about 10000 C. In some embodi 
ments, disadvantaged crudes include at least 0.1 grams, at 
least 0.5 grams, at least 0.8 grams, or at least 0.99 grams of 
asphaltenes per gram of disadvantaged crude. Disadvan 
taged crudes may include from about 0.01 grams to about 
0.99 grams, from about 0.1 grams to about 0.9 grams, or 
from about 0.5 grams to about 0.8 grams of asphaltenes per 
gram of disadvantage crude. Examples of disadvantaged 
crudes that can be treated using the processes described 
herein include, but are not limited to, crudes from the 
folloWing countries and regions of those countries: Canadian 
Alberta, Venezuelan Orinoco, U.S. southern Californian and 
north slope Alaska, Mexico Bay of Campeche, Argentinean 
San Jorge basin, Brazilian Santos and Campos basins, China 
Bohai Gulf, China Karamay, Iraq Zagros, Kazakhstan Cas 
pian, Nigeria Offshore, United Kingdom North Sea, Mada 
gascar northwest, Oman, and Netherlands Schoonebek. 

[0110] Treatment of disadvantaged crudes may enhance 
the properties of the disadvantaged crudes such that the 
crudes are acceptable for transportation and/or treatment. 
The feed may be topped as described herein. The crude 
product resulting from treatment of the feed, using methods 
described herein is suitable for transporting and/ or re?ning. 
Properties of the crude product are closer to the correspond 
ing properties of West Texas Intermediate crude than the 
feed, or closer to the corresponding properties of Brent crude 
than the feed, and thereby have enhanced economic value 
relative to the economic value of the feed. Such crude 
product may be re?ned With less or no pre-treatment, 
thereby enhancing re?ning efficiencies. Pre-treatment may 
include desulfurization, demetallization, and/or atmospheric 
distillation to remove impurities from the crude product. 

[0111] Methods of contacting a feed in accordance With 
inventions are described herein. Additionally, embodiments 
to produce products With various concentrations of naphtha, 
kerosene, diesel, and/or VGO, Which are not generally 
produced in conventional types of processes, are described. 

[0112] In some embodiments, feeds that have boiling point 
distributions from about 100 C. to 12000 C. (for example, 
asphaltenes, VGO, kerosene, diesel, naphtha, or mixtures 
thereof) may be contacted in accordance With the systems, 
methods and catalysts described herein. The feed may 
include, per gram of feed, at least 0.01 grams, at least 0.1 
grams, at least 0.5 grams or at least 0.9 grams of a mixture 
of hydrocarbons having boiling point distributions With an 
initial boiling point above 5380 C. In some embodiments, 
the feed may include, per gram of feed, from about 0.01 
grams to about 0.9 grams, from about 0.1 grams to about 0.8 
grams, from about 0.5 grams to about 0.7 grams of a mixture 
of hydrocarbons having boiling point distributions With an 
initial boiling point above 5380 C. 

[0113] Hydrocarbon mixtures that have at least 0.01 
grams, at least 0.1 grams, at least 0.5 grams, at least 0.8 
grams, or at least 0.99 grams of VGO per gram of hydro 
carbon mixture, may be treated in accordance With the 
system and methods described herein to produce various 
amounts of naphtha, kerosene, diesel, or distillate. A hydro 
carbon mixture having, per gram of hydrocarbon mixture, 
from about 0.01 grams to about 0.99 grams, from about 0.05 
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grams to about 0.9 grams, from about 0.1 grams to about 0.8 
grams, from about 0.2 grams to about 0.7 grams, or from 
about 0.3 grams to about 0.6 grams of VGO may be treated 
to produce various products having a boiling point distri 
bution loWer than the boiling point distribution of VGO. 

[0114] The feed may be contacted With a hydrogen source 
in the presence of one or more of the catalysts in a contacting 
zone and/ or in combinations of tWo or more contacting 
zones. 

[0115] In some embodiments, the hydrogen source is 
generated in situ. In situ generation of the hydrogen source 
may include the reaction of at least a portion of the feed With 
the inorganic salt catalyst at temperatures in a range from 
about 200-1200o C., about 300-1000o C., about 400-9000 C., 
or about 500-8000 C. to form hydrogen and/or light hydro 
carbons. In situ generation of hydrogen may include the 
reaction of at least a portion of the inorganic salt catalyst that 
includes, for example, alkali metal formate. 

[0116] The total product generally includes gas, vapor, 
liquids, or mixtures thereof produced during the contacting. 
The total product includes the crude product that is a liquid 
mixture at STP and, in some embodiments, hydrocarbons 
that are not condensable at STP. In some embodiments, the 
total product and/or the crude product may include solids 
(such as inorganic solids and/or coke). In certain embodi 
ments, the solids may be entrained in the liquid and/or vapor 
produced during contacting. 

[0117] A contacting zone typically includes a reactor, a 
portion of a reactor, multiple portions of a reactor, or 
multiple reactors. Examples of reactors that may be used to 
contact a feed With a hydrogen source in the presence of 
catalyst include a stacked bed reactor, a ?xed bed reactor, a 
continuously stirred tank reactor (CSTR), a spray reactor, a 
plug-?oW reactor, and a liquid/ liquid contactor. Examples of 
a CSTR include a ?uidized bed reactor and an ebullating bed 
reactor. 

[0118] Contacting conditions typically include tempera 
ture, pressure, feed ?oW, total product How, residence time, 
hydrogen source ?oW, or combinations thereof. Contacting 
conditions may be controlled to produce a crude product 
With speci?ed properties. 

[0119] Contacting temperatures may range from about 
200-8000 C., about 300-7000 C., or about 400-6000 C. In 
embodiments in Which the hydrogen source is supplied as a 
gas (for example, hydrogen gas, methane, or ethane), a ratio 
of the gas to the feed Will generally range from about 
1-16,100 Nm3/m3, about 2-8000 Nm3/m3, about 3-4000 
Nm3/m3, or about 5-320 Nm3/m3 . Contacting typically takes 
place in a pressure range betWeen about 0.1-20 MPa, about 
1-16 MPa, about 2-10 MPa, or about 4-8 MPa. In some 
embodiments in Which steam is added, a ratio of steam to 
feed is in a range from about 0.01-10 kilograms, about 
0.03-5 kilograms, or about 0.1-1 kilogram of steam, per 
kilogram of feed. A How rate of feed may be suf?cient to 
maintain the volume of feed in the contacting zone of at least 
10%, at least 50%, or at least 90% of the total volume of the 
contacting zone. Typically, the volume of feed in the con 
tacting zone is about 40%, about 60%, or about 80% of the 
total volume of the contacting zone. In some embodiments, 
WHSV in a contacting zone ranges from about 0.1 to about 
30 h_l, about 0.5 to about 20 h_l, or about 1 to about 10 h_l. 
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In some embodiments, contacting may be done in the 
presence of an additional gas, for example, argon, nitrogen, 
methane, ethane, propanes, butanes, propenes, butenes, or 
combinations thereof. 

[0120] FIG. 1 is a schematic of an embodiment of con 
tacting system 100 used to produce the total product as a 
vapor. The feed exits feed supply 101 and enters contacting 
Zone 102 via conduit 104. A quantity of the catalyst used in 
the contacting Zone may range from about 1 gram to 1000 
grams, about 2 grams to 500 grams, about 3 grams to 200 
grams, about 4 grams to 100 grams, about 5 grams to 50 
grams, about 6 grams to 80 grams, about 7 grams to 70 
grams, or about 8 grams to 60 grams, per 100 grams of feed 
in the contacting Zone. In some embodiments, contacting 
Zone 102 includes one or more ?uidized bed reactors, one or 

more ?xed bed reactors, or combinations thereof. 

[0121] In certain embodiments, a diluent may be added to 
the feed to loWer the viscosity of the feed. In some embodi 
ments, the feed enters a bottom portion of contacting Zone 
102 via conduit 104. In certain embodiments, the feed may 
be heated to a temperature of at least 100° C. or at least 300° 
C. prior to and/or during introduction of the feed to con 
tacting Zone 102. Typically, the feed may be heated to a 
temperature in a range from about 100-500° C. or about 
200-400° C. 

[0122] In some embodiments, the catalyst is combined 
With the feed and transferred to contacting Zone 102. The 
feed/catalyst mixture may be heated to a temperature of at 
least 100° C. or at least 300° C. prior to introduction into 
contacting Zone 102. Typically, the feed may be heated to a 
temperature in a range from about 200-500° C. or about 
300-400° C. In some embodiments, the feed/catalyst mix 
ture is a slurry. In certain embodiments, TAN of the feed 
may be reduced prior to introduction of the feed into the 
contacting Zone. For example, When the feed/catalyst mix 
ture is heated at a temperature in a range from about 
100-400° C. or about ZOO-300° C., alkali salts of acidic 
components in the feed may be formed. The formation of 
these alkali salts may remove some acidic components from 
the feed to reduce the TAN of the feed. 

[0123] In some embodiments, the feed is added continu 
ously to contacting Zone 102. Mixing in contacting Zone 102 
may be suf?cient to inhibit separation of the catalyst from 
the feed/catalyst mixture. In certain embodiments, at least a 
portion of the catalyst may be removed from contacting Zone 
102, and in some embodiments, such catalyst is regenerated 
and re-used. In certain embodiments, fresh catalyst may be 
added to contacting Zone 102 during the reaction process. 

[0124] In some embodiments, the feed and/ or a mixture of 
feed With the inorganic salt catalyst is introduced into the 
contacting Zone as an emulsion. The emulsion may be 
prepared by combining an inorganic salt catalyst/Water 
mixture With a feed/surfactant mixture. In some embodi 
ments, a stabiliZer is added to the emulsion. The emulsion 
may remain stable for at least 2 days, at least 4 days, or at 
least 7 days. Typically, the emulsion may remain stable for 
30 days, 10 days, 5 days, or 3 days. Surfactants include, but 
are not limited to, organic polycarboxylic acids (Tenax 
2010; MeadWestvaco Specialty Product Group; Charleston, 
S.C., U.S.A.), C21 dicarboxylic fatty acid (DIACID 1550; 
MeadWestvaco Specialty Product Group), petroleum sul 
fonates (Hostapur SAS 30; Clarient Corporation, Charlotte, 
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NC, U.S.A.), Tergital NP-40 Surfactant (Union Carbide; 
Danbury, Conn., U.S.A.), or mixtures thereof. StabiliZers 
include, but are not limited to, diethyleneamine (Aldrich 
Chemical Co.; Milwaukee, Wis., U.S.A.) and/or monoetha 
nolamine (J. T. Baker; Phillipsburg, N.J., USA). 

[0125] Recycle conduit 106 may couple conduit 108 and 
conduit 104. In some embodiments, recycle conduit 106 
may directly enter and/or exit contacting Zone 102. Recycle 
conduit 106 may include How control valve 110. FloW 
control valve 110 may alloW at least a portion of the material 
from conduit 108 to be recycled to conduit 104 and/or 
contacting Zone 102. In some embodiments, a condensing 
unit may be positioned in conduit 108 to alloW at least a 
portion of the material to be condensed and recycled to 
contacting Zone 102. In certain embodiments, recycle con 
duit 106 may be a gas recycle line. FloW control valves 110 
and 110' may be used to control How to and from contacting 
Zone 102 such that a constant volume of liquid in the 
contacting Zone is maintained. In some embodiments, a 
substantially selected volume range of liquid can be main 
tained in the contacting Zone 102. A volume of feed in 
contacting Zone 102 may be monitored using standard 
instrumentation. Gas inlet port 112 may be used to alloW 
addition of the hydrogen source and/or additional gases to 
the feed as the feed enters contacting Zone 102. In some 
embodiments, steam inlet port 114 may be used to alloW 
addition of steam to contacting Zone 102. In certain embodi 
ments, an aqueous stream is introduced into contacting Zone 
102 through steam inlet port 114. 

[0126] In some embodiments, at least a portion of the total 
product is produced as vapor from contacting Zone 102. In 
certain embodiments, the total product is produced as vapor 
and/or a vapor containing small amounts of liquids and 
solids from the top of contacting Zone 102. The vapor is 
transported to separation Zone 116 via conduit 108. The ratio 
of a hydrogen source to feed in contacting Zone 102 and/or 
the pressure in the contacting Zone may be changed to 
control the vapor and/ or liquid phase produced from the top 
of contacting Zone 102. In some embodiments, the vapor 
produced from the top of contacting Zone 102 includes at 
least 0.5 grams, at least 0.8 grams, at least 0.9 grams, or at 
least 0.97 grams of crude product per gram of feed. In 
certain embodiments, the vapor produced from the top of 
contacting Zone 102 includes from about 08-099 grams, or 
about 0.9-0.98 grams of crude product per gram of feed. 

[0127] Used catalyst and/or solids may remain in contact 
ing Zone 102 as by-products of the contacting process. The 
solids and/ or used catalyst may include residual feed and/or 
coke. 

[0128] In separation unit 116, the vapor is cooled and 
separated to form the crude product and gases using standard 
separation techniques. The crude product exits separation 
unit 116 and enters crude product receiver 119 via conduit 
118. The resulting crude product may be suitable for trans 
portation and/ or treatment. Crude product receiver 119 may 
include one or more pipelines, one or more storage units, one 

or more transportation vessels, or combinations thereof. In 
some embodiments, the separated gas (for example, hydro 
gen, carbon monoxide, carbon dioxide, hydrogen sul?de, or 
methane) is transported to other processing units (for 
example, for use in a fuel cell or a sulfur recovery plant) 
and/or recycled to contacting Zone 102 via conduit 120. In 














































