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POLISHED TURBINE FUEL
FIELD OF THE INVENTION
The invention relates to decontaminated, ultraclean liquid fuel for combustion gas driven
turbines and processes and apparatus {or production of such fuels from crude oils, refinery

residual oils and other contaminated liquid feeds.

DETAILED DESCRIPTION

There is a need for improved methods to make low cost combustion gas turbine fuel from crude
oils and other heavy liquids such as refinery residual oils. There is also a need for inexpensive

liquid turbine fuel which cause less or no turbine corrosion, fouling, and emissions.

Combustion gas driven turbines are widely used in various single cycle and combined cycle
applications for large scale production of electric power. Choice of fuel supply for turbine

combustors determines overall plant efficiency, availability, and emissions.

Investment in large scale turbine driven power plants need certainty of quantity and quality of
fuel supply. Consumers and businesses demand reliable electrical supply from turbine driven

sources.

Turbine degradation and failures due to fuel contamination related problems are extensive.
Contaminated fuels cause serious turbine fouling, corrosion and exhaust gas emissions issues.
Massive equipment failures and extended disruption of electrical supplies to the grid and harm

to the environment result [rom bad fuels.

To seek to avoid presence of contaminates, methane rich natural gas (NG), when available, is
often selected as fuel by turbine designers. However, NG can contain entrained
hydrocarbonaeous solids and other contaminants such as hydrogen sulfide or carbonyl sulfide as
well as air, water, and inert materials such as nitrogen and carbon dioxide that impact
combustion. Also, methane escape raises environmental concerns among some who estimate

that methane has over twenty times the potential impact on alleged atmospheric warming than

C02.
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NG is often not available. Certain regions have limited or no substantial NG reserves or face
prohibitive NG exploration, production or transportation. Gaseous alternatives to NG such as
liquefied natural gas (LNG) and liquefied petroleum gas (LPG) might be considered but long
term uncertainties surrounding compression, storage, and shipment can create unacceptable
investment risks for turbine driven operations. Similar factors apply to use of industrial waste
gases such as blast furnace gas, coke oven gas, refinery fuel gases or use of local naturally
derived liquids such as biofuels containing ethanol from corn, sugar canes and other plants or

biodiesels {rom fats or other materials.

The reality is that “what are available at lowest cost” liquids are used as turbine fuels when NG
is unavailable or other alternatives cannot meet supply requirements, even when such cause
corrosion, fouling, operability and emissions problems. Turbine availability when fired on crude

oils or refinery residual oils does not match that of NG because of corrosion and ash formation.

For example, NG supply is extremely limited in the Hawaiian Islands, USA and in prior art
literature, refinery residual oil is reported having been used in Hawaii as turbine fuel. Also for
various local reasons and priorities, significant quantities of crude oils, refinery residual oils or
contaminated distillates are used as turbine fuels in certain regions of the world such as

Kingdom of Saudi Arabia, Kuwait, Iraq, parts of Africa.

However, energy efficiency has been sacrificed and fuel BTUs are wasted. Contaminated heavy
liquid fuels are avoided for advanced classes of higher efficiency turbines, instead leaving only
firing in less complex lower efficiency turbines. Also, such contaminated fuels are avoided for
efficient combined cycle plants that allow exhaust heat recovery for stream generation;
therefore, conversion of inefficient existing single cycle plants using old art furnaces or turbines

firing crude oils have not been converted to more efficient combined cycle plants.

Contaminants within crude oil and residual fuels comprise, among others, various forms of
sulfur, sodium, vanadium, calcium, silicon, nickel, and aluminum as well as particulate matter

and carbonaceous materials such as asphaltenes and other high molecular, highly viscous, tar-

like aggregates.
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Contaminates lead to corrosion of hot gas path components. Presence of sodium and sulfur leads
to sodium sulfate which corrodes the turbine hot gas path metals. Other alkali metals within
crudes or residuals such as potassium can cause similar alkali-sulfate type corrosion and behave
very similar to sodium. Such attacks are often collectively referred to as ‘sulfidation’.
Sulfidation is rapid in hot gas paths and even relatively low-sulfur fuels contain sufficient sulfur
to enable hot zone corrosion when alkali metals are also present. Corrosion by sulfidation could
be prevented by eliminating presence of all alkali metals but that is not possible with prior art

treatment processes {or crude oils or residual fuels.

Contaminates cause corrosion of combined cycle plants’ heat recovery steam generators
(HRSG). Sulfur compounds react with oxygen to form sulfur dioxide, with subsequent
oxidation to form sulfur trioxide. Sulfur trioxide reacts with water present to form sulfuric acid,
which can condense during HRSG exhaust gas cooling. Sulfuric acid so formed corrodes HRSG
metals and other surfaces. Operating HRSG above dew point temperature minimizes heat

recovery and decreases the thermal efficiency of the power plant.

Contaminates lead to ash formation. Turbine combustion of crude oils or residual oils containing
contaminates such as vanadium, nickel, lead or zinc create metal oxide complexes which
condense on turbine blades and induce surface oxidation and deposits of ash. In the presence of
sodium or other alkali metals and oxygen, metals such as vanadium, lead or zinc create mixed
metal oxide complexes, for example vanadates of vanadium, lead or zinc. Such complexes may
have relatively low melting points and deposit as ash mixture and enhance turbine corrosion,
whereas higher melting point complexes escape (o atmosphere with the flue gas and do not stick

to the Gas Turbine and HRSG components.

Contaminates that form ash particulate matter during burning cause operating issues that require
changes in HRSG materials of construction as well as added apparatus, with related capital and
operating cost. For illustration, ash formation drives changes in HRSG related blowers and
changes in tubes and fins, that seek to reduce ash deposits or to reduce ash collection on cooling

surfaces.
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Contaminates cause emissions. Presence of sulfur and combustor firing issues lead to formation
of SOx, NOx and particulate matter emissions. Regulatory emission limits often reduce or

eliminate liquid turbine fuel selections that are locally available.

Prior art fuel contaminants problems significantly reduce turbine up-time, maintenance cost, and

power plant availability and cause repeated power outages.

Prior art efforts to ameliorate contaminate and ash formation problems include:
(i) shutdown frequently, sometimes as often as weekly, for rapid washing and other

cleaning of affected combustors, blades, and other hot zone elements.

However prior art discussions mention such frequent shutdown, cleaning and restart procedures
cause turbines to suffer repeated thermal stress, metal fatigue shock, and excessive wear. Such
brief periodic cleaning typically does not allow sufficient downtime for major mechanical

repairs or replacement of corroded or fouled parts;

(i) necessity to store or have spare unit in ready status unit for maintenance outage of

affected corroded and fouled unit.

However, such spare systems are capital intensive and thus very rare. Also, significant costs are

still incurred in restoring the affected unit;
(ii1) use of water wash fuel and addition of inhibitors at the turbine site.

Such prior art treatments of contaminated liquid fuels include physical water washing and
separation processes (such as centrifuges) seeking to remove those water-soluble contaminants
that are readily dissolved or otherwise removed. Washing only addresses certain water-soluble
alkali salts and water-extractable particulate matter. The number of washing and separation
stages depends on fuel quantity demand and on amount of alkali content in each differing
untreated fuel type, with a goal to meet contract specifications for each treated fuel. Also,
treatments typically include addition of expensive chemical inhibitors such as magnesium,
chromium or silicon compounds. The objective is to reduce the corrosive effect and ash

deposition caused by oil-soluble trace metals that remain in the fuel after washing and otherwise
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contribute to ash formation at combustion. The inhibitors seek to react with contaminates and
change the composition of the ash to increase its melting point to keep the ash in solid form,

thereby seeking to avoid ash melts and deposits in the turbine.

In addition, such prior art treatments are not generic, instead each treatment process must be
based on analysis of the untreated feed and contract specification for each individual turbine,
which is to use the treated feed. Unexpected variations in feed, if not captured by analysis, can
cause major corrosion issues during small operating intervals. Also, for large power generation
facilities at high peak load operation, fuel feed requirements can be quite large and impose

strains on limited treatment facilities.

(iv) combustion of distillate grade fuel oils, kerosene-type jet fuel or other lighter liquid

fuels.

However, this is an expensive alternative. These fuels are in high demand and are produced
primarily for the transportation market for trucks, buses, airplanes, trains, marine, diesel autos
and other mobile end-uses where alternatives are not readily available. In conventional crude oil
refining, such fuel typically represent less than forty percent of total production from each barrel

of crude oil.

(v) combustion of lower cost residual fuel oils, such as those used in furnaces and certain

marine applications.

However, such increases contamination and resulting corrosion, ash formation and emissions.
During conventional refining, contaminants found in crude oil feeds to distillation concentrate in
distillation bottoms residuals instead of being removed from such residual oils. This
concentration mechanism leads to higher contaminant levels in refining residuals than initial

crude oil feeds to refinery distillation sections

(vi) blending to reduce overall contaminant level and costs, e.g. blend a lower cost
heavier residual fuel oil having high contaminate content with more expensive distillate having

lower levels of contaminant.
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For example, in a description of a prior art combined cycle plant, refinery residual oil is tested
when received and blended with No. 2 diesel oil (as tested against specifications) to reduce the
final blend used as turbine fuel to a maximum 2.75 percent sulfur then allowed by local permits.
Basler, B. and Marx, D., 2001, “Heavy Fuel Operation at Limay Bataan Power Station,”
Proceedings of ASME IGTI Turbo Expo, New Orleans, Louisiana, ASME Paper No. 2001-GT-
0213.

However, refinery residuals and distillate blend components are sold on spot markets. Each
residual and distillate vary based on refinery configurations and their starting crude oil feed
stocks. Fuel purchasers are unable to specify the crude and refinery source of the refinery
residuals and distillate blend components. Significant delivery-to-delivery variations for each
shipment are inevitable. So there are no consistent, uniform supplies of blends of residuals and

distillates for turbine fuel applications.

Analysis of each delivery of each such blend component shipment is costly and sampling is
logistically complex. Operating a blend plant with significant variations in numerous differing
compositions of prospective blend components from different refineries and from different crude
sources is a difficult task, given the need for a relatively stable fuel composition for combustor

efficiency control and optimization.

There is also a significant basic technical hurdle for blending. Blending different crude oil feed
stocks or refinery residual oils from derived from different crude oil feed stocks can disrupt
natural stabilization (e.g. blending highly aromatic with highly paraffinic compositions).
Resulting instability causes particles of asphaltenes and heavy resins to participate out of the
blend and form deposits impacting storage, feed piping, filters, turbine burner nozzles and other

apparatus.

Also, blending does not efficiently address contaminants left in the blends. Such contaminates

remain to contribute to corrosion, ash formation and emissions.

The above background about fuel caused failures further confirms the need to avoid direct firing
in combustion gas turbines of crude oils and other heavy liquids such as refinery residual oils

and confirms the need for fuel causing less corrosion, fouling and emissions.
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Conventional refining is described at section 2.1 of “Available and Emerging Technologies for
Reducing Greenhouse Gas Emissions from the Petroleum Refining Industry”, the United States
Environmental Protection Agency (US EPA). Such paper and references cited therein describe
conventional crude distillation units (CDU) and other conventional refinery apparatus,
operations, and slates of multiple products. Such paper states that “[t]here are three basic types
of refineries: topping refineries, hydroskimming refineries, and upgrading refineries (also
referred to as “conversion” or “complex” refineries). Topping refineries have a crude distillation
column and produce naphtha and other intermediate products, but not gasoline. There are only a
few topping refineries in the U.S., predominately in Alaska. Hydroskimming refineries have
relatively mild conversion units such as hydrotreating units and/or reforming units to produce
finished gasoline products, but they do not upgrade heavier components of the crude oil that exit
near the bottom of the crude distillation column. Some topping/hydroskimming refineries
specialize in processing heavy crude oils to produce asphalt. Upgrading/conversion refineries
have cracking or coking operations to convert long-chain, high molecular weight hydrocarbons
heavy fractions into smaller hydrocarbons that can be used to produce gasoline product,
distillates, and other higher value products and petrochemical feedstocks.” As noted in such
paper, to produce multiple refinery products, such conventional refining systems, have
numerous costly units, are capital intensive and are expensive to power, operate and maintain.
The long standing approach in crude refining has been to focus on separation of crude into
numerous product or product precursor streams, instead of single product of crude, and
processing such numerous streams in many downstream steps to make various grades of
gasoline, kerosene, diesel, jet aviation fuels, and feedstocks for chemicals production and then
apply other heavily contaminated residual oils primarily {or asphalt and coke production or in
some regions to less environmentally friendly such as mazut or high sulfur fuel oils for furnaces

or marine applications.

“An Oil Refinery Walk-through”, American Institute of Chemical Engineers, Chemical
Engineering Progress May 2014, describes conventional refinery operations, including crude
distillation units, wherein the “primary objective of the atmospheric crude fractionator is to
separate the desalted crude oil (specified feed temperature) into fractions, or cuts, based on the
boiling point ranges of the components.” Such target cut-point ranges are based on temperatures
and do not change dictated by the final product specification, but flow rates must change if a

different crude feed is used due to unit design. Each such side cut draw has a target initial
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boiling point and end boiling point to match capabilities of downstream units, for example light
straight run naphtha, heavy straight run naphtha, kerosene/jet range, light atmospheric gas oil,
heavy atmospheric gas oil, and residual oil or reduced crude fed to vacuum distillation unit.
Only a relatively small portion of prior art cuts of each barre] of crude oil feed are efficiently
useful for turbine fuels, and not substantially the entire barrel. The crude oil distillation unit is
the first processing unit in virtually all petroleum refineries. The crude distillation unit is often
referred to as the atmospheric distillation unit or fractionator because it operates at slightly

above atmospheric pressure.

Prior art processes for upgrading extra heavy crudes are not for turbine fuel production. Such
processes have a general theme of feeding extremely poor quality crude into the process to
upgrade the less desirable feed to more commercially desirable crude which can be processed in
conventional refineries. These address converting highly viscous oils from tar sands of Canada,
from Monagas belt in Venezuela and other sources to a synthetic or upgraded crude. Such are
targeted to better compete with normal standard grades commercial crudes available on
worldwide markets. These converted materials are then offered to conventional crude refineries
configured for crudes having normal or typical ranges of crude viscosities, sulfur levels, and the
like. Nlustrative prior art includes Brown et al U.S. Pat. No. 4885080, references which cite
Brown et al and those cited by Brown et al. Such upgrading or synthetic crude process
contemplate their product consumption by conventional refineries and are not tailored for use in

combustion gas turbines.

Such traditional approaches, confirmed by the above refining background, leaves significant
technical and economic voids in the arena of crude oils and turbine fuels. Such voids cause
turbine designers to use the “what are available at lowest cost™ liquids as turbine {uels when NG
is unavailable or other alternatives cannot meet supply requirements, even when such use causes

corrosion, fouling, operability and emissions problems.

BRIEF SUMMARY OF THE INVENTION

We have discovered less complex methods and apparatus to convert crude to a fuel useful as a
turbine or engine fuel. We have also found that we can produce a single liquid carbonaceous
turbine fuel from crude instead of extracting multiple products from crude in the manner of

conventional refining complexities. We have found that fuel produced in accordance with
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methods of this invention are useful in marine or land based engines, combustion gas turbines,

or fired heaters.

We have developed a paradigm shift in how clean fuels are made in that we economically
separate crude based upon levels of sulfur content, not rigid temperature cut points or historic
long standing standard multiple cut classifications. We make as few component cuts as possible
and only further treat such few cuts, in such smallest numbers and amounts as is practical to
meet target fuel specifications for contaminate levels. Sulfur and metals targets for a fuel of this
invention comprise regulatory requirements at location of firing, such as IMO (International
Marine Organization) regulations for coastal and at sea firing by ships, and local emission

regulatory authorities for land based firings.

The polished turbine fuel (PTF) of this invention is a new composition class of crude derivative,
having low levels corrosives, foulants, and other contaminants that are problematic for turbines
and the environment. In lieu of direct firing crude in turbines, crude is polished by this invention
to efficiently remove noxious metals, sulfur and other contaminates to produce a single product
turbine fuel. As used in the specification and claims, “essentially free" or "essentially metal free”
means a fuel comprising from nil (zero) up to 100 ppmwt total metals. However, methods of this
invention can produce fuels with only trace metals content such as 100 ppbwt or less, and also
may include levels are which metals content, if any, can not be accurately measured by on-line

instruments.

Polished turbine fuel can compete with natural gas and diesel since {iring polished turbine fuel
increases turbine availability, reduces maintenance cost, and reduces emissions over direct crude
firing, with elfect approaching reliabilities and emissions levels attained by {iring many grades

of natural gas or expensive diesel grades.

We have thus discovered that we can decontaminate crude in a tailored, extraordinarily efficient

manner, to produce an ultraclean fuel suitable for firing turbines.

This sole fuel product of crude is made with minimal unit operations and apparatus. The fuel is
produced by a novel crude polishing process (CPP) herein described having a low cost apparatus

configuration as a crude polishing complex (CPC).
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Thus, the practice of this invention enables lower capital and operating costs than conventional
refinery complexes. The many additional equipment and additional unit operations used in
refining of crude to produce multiple separate streams are eliminated by this invention because a

single product is produced.

However, CPC of this invention is clearly not a ‘topping refinery’, nor a ‘hydroskimming
refinery’, nor an ‘upgrading refinery’ (or “conversion” or “complex” refinery as discussed in
above US EPA reference. All of such refineries produce numerous hydrocarbon liquid products
whereas CPP of this invention produces only one product fuel. The apparatus configuration of
this invention is relatively simple and very different than conventional refining. Conventional
refineries produce numerous streams, only some of which are suitable for use as turbine fuels.
Opposite thereto, with one or more crude feeds, the process of this invention uses novel

apparatus to make only one liquid polished turbine fuel which is useful as a fuel product.

This invention does not require that all of the crude feed be converted to turbine fuel. A certain
amount of the crude may be use to generate utilities to operate the process. Since this invention
provides a simple way of isolating contaminates from crude and make polished turbine fuel, the
invention leaves contaminant rich streams available for use as a source of energy to supply
power for plant operations and for export. For example, an oxidization system may receive a
portion of contaminant enriched streams within the process. Since such contaminant enriched
streams have high fuel values, they can alternately be used for other plant requirements. In

addition to utilities, the process optionally can produce sulfur as by-product.

The operating conditions of the different unit operations of this inventive process can be
adjusted based on crude hydrocarbon assay, or combinations of crudes, or other alternative
materials selected feed for the operations, and sizing of each apparatus component is impacted

by respective throughputs and anticipated operating severities.

The polish turbine fuel of this invention is especially suited as a replacement fuel for utilities
production facilities consuming crude oil, residual oils, masut and/or high sulfur fuel oil (HSFO)
configured as simple cycle power plants (SCPP) and simple cycle power & water plants

(SCPWP) to enable more efficient operation with substantially lower emissions.
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Variations of the process of this invention can convert any substantially liquid carbonaceous
source of material into usable liquid turbine fuel by directing various types of feeds into
alterative locations within the process complex of this invention. In one variation, suitable
carbon sources include combinations of different crude oils or a single crude with one or more
residual oils or grades of high sulfur fuel oil. In another variation, suitable carbon sources for
such alternative {eed locations include, for example a variation having gasification apparatus fed
with slurries of basis separation zone bottoms or vacuum residuals mixed with particles of coke,
coal, peat or ash from other operations. Also, optional carbon sources may include slurries of

biomass and include wood, canes, corn debris and urban waste.

Variations of embodiments of the crude polishing process of this invention are described by use
of a single crude oil as an example feed; however, other embodiments of this invention may use
one or more crude oils or different contaminated hydrocarbonaeous liquids, either alone or
combined with one or more crude oil feeds. References herein to ‘crude’ include contaminated
crude oils, as well as other contaminated heavy liquids, for illustration, not limitation, refinery
residual oils or high sulfur fuel oils. Contaminants may include compounds containing sulfur,
nitrogen, oxygen as well as metals as complexes and salts. “Sulfur” as used herein means
compounds containing the element, for illustration and not limitation, one or more compounds
selected from group consisting of thiols (RSH), sulfides (RSR’), polysulfides (RSSR’),
thiophenic and alkyl-substituted isomers of thiophenic compounds containing various numbers
of aromatic rings polycyclic aromatic sulfur heterocycles such as thiophene, benzothiophene,

dibenzothiophene, and benzonaphthothiophene and other sulfur containing hydrocarbons.

In this invention, operating conditions are controlled to set targets based upon sulfur or other
contaminate levels of effluent streams, not by non-contaminant related performance criteria.
Opposite thereto, conventional refinery distillation targets are different effluent stream product
performance specifications for various specific different applications. Such conventional
specifications, not related to contaminants, include for example (i) for gasoline, vapor pressure
related to volatility or octane for anti-knock, (ii) for No 2 diesel, cetane number for combustion
speed, or flash point or distillation initial boiling point or (iii) for kerosene, smoke point, flash

point or temperature of 10% distilled maximum or final boiling point.
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In one embodiment, crude is fed to a basic separation unit (BSU). The BSU can be a
fractionating unit operation but the CPP’s BSU differs from prior art refinery atmospheric
convention distillation units (CDU) in many ways for several reasons. First, BSU splits the
crude into only three basic segments based on target contaminate levels within (a) acceptable
low level of contaminants, with a preference for decontaminated to target level, depending of
adjustment of BSU operating conditions, (b) mildly contaminated, for illustration sulfur in the
range of 0.08 to 4 wt.% and (iii) contaminate rich, for illustration sulfur in the range of 2 to 8
wt.%. Opposite thereto, conventional CDU fractionates crude into numerous fractions based on
target hydrocarbon compositions of the desired fractions or operating temperatures. Second,
BSU operating conditions are controlled to set targets based upon contaminate levels of effluent
streams, not by non-contaminant related performance criteria. In one embodiment, a liquid fuel
having a low level of contaminants suitable for use as a turbine fuel is a product of the process
comprising (a) feeding a contaminated carbonaceous liquid feed selected from the group
consisting of one or more of crude oils, refinery residual oils, high sulfur fuel oils, biomass
liquids, or hydrocarbon slurries containing particles of coke, coal, peat or ash to a basic
separation zone which serves as a primary decontaminator, (b) separating said liquid feed in said
zone into a minimum number of basic segments based upon measurement of contaminate levels
of effluent streams, not based upon measurement of hydrocarbon composition, temperature
range or other non-contaminant related separation criteria, (c) adjusting operating conditions of
said separation zone to control separation of feed to form segments having different contaminate
levels to form (1) a reduced contaminate level segment, which without substantial subsequent
treatment, forms a fuel component stream, (2) a mildly contaminated segment which is treated
by hydrogen in the presence of catalyst to form one or more reduced contaminate level fuel
component streams and (3) a contaminate rich segment which is subjected to one or more
additional separation steps to form one or more reduced contaminate level streams, each of
which are treated, either separately or combined, by hydrogen in the presence of catalyst to form
one or more reduced contaminate level fuel component streams, and (d) combining fuel

component streams of c. (1), (2) and (3) to form said product fuel.
BRIEF DESCRIPTION OF THE DRAWINGS

The Figure is a schematic drawing of a process arrangement for treatment of crude oil to

produce a single liquid product useful as a turbine fuel in accordance with this invention.
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DETAILED DESCRIPTION OF THE INVENTION

In one embodiment of this invention, a fuel is formed by combination of three liquid
hydrocarbonaeous flowing streams derived from crude comprising compounds of sulfur. In a
preferred variation, the fuel is formed by substantial continuous combination of such streams as
flowing streams. As used in the specification and claims, "substantially continuous" combining
of flows means combining streams, either directly from production units or {rom reserve storage
of individual streams, in a manner to enable intermixing, and "flow rate" or "rate of flow"
includes an amount of flow to a batch when stream flows are added separately. The flow rate of
each stream to the combination is determined by its respective sulfur content and relative
contribution to overall final sulfur content limit of the combination, taking in consideration flow
rate of each of the other two streams and their respective sulfur content. In one variation, such
streams are formed as precursors for combination by fractionating crude, either with or without
presence of added steam, into at least three liquid fractions F1, F2, and F3 wherein yield cut, as
wt.% of crude feed or other measurement of each fraction, is determined by its sulfur content
such that the sulfur content of fraction F1 is less than that of fraction F2 which is less than
fraction F3. All or portions of fractions F2 and F3 are subsequently treated with hydrogen in the
presence of catalyst at conditions of temperature, hydrogen partial pressure, hydrogen flow rate,
catalytic activity and space velocity sufficient to reduce sulfur content of such streams to at least

target levels or below.

The first unit operation of this invention is a basic separation unit, consisting of one or more
fractionators. Although preferably operated at or near atmospheric pressure in a preferred
embodiment and having distillation capability, the first unit operation is different from
conventional refinery atmospheric crude distillation units which have more stages inside the
column and higher fractionation efficiency. The number of side cuts and hence the rundown
streams quantity and quality are different with the basis separation units operations of this
invention over typical crude distillation since the final product from the process of this invention

is a single composition, a polished turbine fuel.

The feed flash zone temperature of the first unit operation is preferably designed to maximize the
cut for fraction F2 while minimizing entrainment of heavy material and minimizing the amount
of fraction F3 from the bottom of the first unit. In preferred variations, the third fraction F3 is

steam stripped in a stripping section of the first unit to minimize light ends entrainment in such
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third fraction F3 to avoid loading the vacuum overhead ejector system of the second fractionator
unit which operates under reduced pressure. In an illustration of one variation of this invention,
the overhead and side first fraction F1 flow rate of the first fractionator is maximized by increasing
first fractionator boil-up so that fraction F1, becoming untreated stream S1 for combination to the
fuel, has a sulfur content in the range of 0.20 wt.% sulfur, which exceeds the final fuel product
sulfur limit which will preferably be less than 0.05 wt.%, or in the range of 0.05% to 0.1 wi.%;
however, in this variation, diluting flow rates of streams S2 and S3 with relatively low sulfur
content are added the combination based on S1 sulfur level. Levels of sulfur of S3 liquids from
vacuum gas oil hydrotreating can be less than 0.18 wt.% depending on severity of conditions, but
to avoid intense conditions causing ring saturation and loss of heating value, S3 preferably is in
the range of 0.12 wt.% to 0.18 wt.%. S2 from distillate hydrotreating can, for mild conditions, be
readily less than 0.05 wt.%, yet for selected conditions known in the hydrotreating art, S2 sulfur
levels of less than 25 ppmwt can be reached and levels of less than 8 ppmwt can be reached, but
preferable S2 is in the range of 6 to 12 ppmwt. Thus treated S2 and S3 are combined with
untreated stream S1 in applicable amounts based on respective sulfur content so that final fuel
combination meets product fuel specification. Process energy consumption in hydrotreaters
treating fractions F2 and F3 is reduced in relation to whatever amount of fraction F1 bypasses the
hydrotreaters. Also, the minimization of side cuts or run downs minimizes the capital cost of the

first and second fractionators.

Unlike conventional crude distillation, fractionation efficiency or sharpness of cuts is not a
specification for the process or apparatus of this invention nor are multiple rundown streams
since this invention is for making a single finished fuel product {rom feed such as a crude, not
multiple products finely segregated by different boiling ranges. In one embodiment of a
{ractionator of this invention, the [ractionator has an upper, middle and lower zone [or separating
crude oil feed to respective fractions F1, F2 and F3. Such fractionator does not achieve
fractionation efficiency for precise cuts based on temperature, hydrocarbon composition or other
non-contaminant related separation criteria but achieves separations based on contaminate levels
of target fractions F1, F2 and F3, either as one cut for each such fraction or multiple cuts
combined to form each such fraction. When such fractionator is processing the same crude for a
comparative to conventional crude oil distillations processing the same crude, the fractionator of
this inventor can operate at a higher temperature profile in the upper zone. Such different

temperature profile avoids excessive vapor condensation and flooding experienced in the upper
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sections of conventional crude oil distillation caused by sub-cooling and related pressure change
upsets leading to condensation of stripping steam, when used, and avoids excessive liquids
formation and flooding that can occur in conventional crude oil distillations. The fractionator of
this embodiment enables maximizing the quantity of fraction F1 within said upper zone in
relation to fractions F2 and F3, which fraction F1 if within conventional distillation would
include materials within the range {rom light overhead unstabilized whole naphtha (o kerosene
range components or at least a portion of other light distillates. Such maximization of fraction
F1 would minimize quantity of light distillates in fraction F2 reducing load on hydrotreating or
other treatment of fraction F2. It also enables combining all of such materials within the range
from light overhead unstabilized whole naphtha to kerosene range components or at least a
portion of other light distillates in fraction F1 into a single cut leading to fewer rundown systems
over conventional crude oil distillation units that has multiple cuts for such range materials.
Also, such fractionator maximizes quantity of fraction F2 within said middle zone in relation to
fraction F3, which fraction F2 if within conventional distillation would include materials within
the range from a portion of remaining heavier portion of light distillates and middle and heavy
distillates, which maximization enables combining said remaining heavier portion of light
distillates and middle and heavy distillates in fraction F2 in a single cut leading to fewer
rundown systems over conventional crude oil distillation units that has multiple cuts for such
materials. Such fewer number of rundowns decreases pressure drop across the fractionator
column due to reduced rundown streams, and reduced number of trays, hence decreases the feed
flash zone pressure, and hence decreases the flash zone temperature, with corresponding
reduction in column furnace duty which reduces energy consumption compared to conventional

crude distillation.

In one variation, {raction F1 is precursor for stream S1, fraction F2 is precursor f{or stream S2,
fraction F3 is precursor for stream S3, and streams S1, S2 and S3 are combined to form a fuel,
useful as a polished turbine fuel, having a maximum 0.1 wt.% sulfur content and contains less
than 100 ppmwt total metals, and more preferably 0.1 to 1.0 ppmwt total metals. Preferred
fractionation includes overhead partial condensation of condensable entrained light gases to
form at least a portion of fraction F1 but without need for added investment in stabilization steps
to remove butanes and other lighter components, with the intent that condensable portions of
liquefiable petroleum gases from crude source become part of the final fuel product. Addition of

such stabilization is a permitted variation, yet adds capital costs not essential for production for
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primary turbine fuel product. Preferably yield cut of fraction F1 is maximized so that when
fraction F1 is not subsequent treated for sulfur removal or reduction but is combined with at
least a portion of each fraction F2 and 3 which portions treated to remove or reduce sulfur
content, the final sulfur content target specification or sulfur limit of the combination is not
exceeded. Fraction F1 can be essentially free of sulfur, metals and other contaminates or can
contain relatively low levels of sulfur. In a variation, at least a portion of fractions 2 and 3 are
each subsequently treated, by hydrotreating or other desulfurization means, to reduce sulfur
content so that each treated portion has a sulfur content of less than 50 ppmwt. In another
variation, at least a portion of fractions 2 and 3 are each subsequently treated, by hydrotreating
or other desulfurization means, to reduce sulfur content so that treated fraction F2 has extremely
low sulfur in the range of less than 10 ppmwt or less and treated fraction F3 has higher sulfur
than fraction F2 such as in range of about 0.12 to 0.18 wt.%. Useful conventional hydrotreating
apparatus, catalyst, process configurations and conditions are discussed in Chapter 7 of
Colorado School of Mines, Refining series, which one skilled in the hydrotreating art may apply
and adjust for hydrotreating the applicable portions of fractions 2 and 3 with hydrogen in the
presence of catalyst under hydrotreating conditions, and streams derived from such fractions, in
the practice of the hydrotreating aspects of this invention to achieve target stream S2 and S3

reduced sulfur and metals contents.

In addition to sulfur, the crude may comprise other contaminants containing metals such as
vandanium, nickel, lead, and zinc and others that cause corrosion or form foulants, as well as
foulants of asphaltenes families, and in variations of this invention, crude feed rate and
fractionation conditions are adjusted such that substantially all such contaminates are
concentrated in fraction F3. In one embodiment of this invention, fractionating conditions are
adjusted such that (i) fraction F1 forms untreated stream S1 having sulfur content X1 and is
essentially free of metals, (ii) fraction F2 when subsequently treated with hydrogen in the
presence of catalyst under conditions adjusted to forms stream S2 having reduced sulfur content
X2 and is essentially free of metals. Fractionation includes overhead partial condensation of
condensable entrained light gases but without added stabilization steps to remove butanes and
other lighter components, an extremely low level of sulfur and almost nil level of other
contaminants, and (iii) fraction F3, at least a portion of which when subsequently treated with
hydrogen in the presence of catalyst under conditions more severe than the treatment of fraction

F2 to form stream S3 having significant reduced sulfur content X3 and has very low levels of
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metals. When such hydrotreated streams 2 and 3 are combined with untreated stream S1, the
combination forms a fuel suitable for use as a polished turbine fuel, having a total sulfur content
Stand flow rate determined by flow rate of stream S1 of sulfur content X1, flow rate of stream
S2 of sulfur content X2 and flow rate of stream S3 of sulfur content X3, In one variation,
fraction F1 has a sulfur content in the range of about 0.2 wt.% to 0.25 wt.% to form stream S1,
fraction F2 has a sulfur content in the range of about about less than 10 ppmwt after treating to
form stream S2 and fraction F3 after treating forms stream S3 which has a sulfur content in the

range of about 0.12 t0 0.18 wt.%

In another variation, a fuel is formed by subjecting fraction F3, prior to hydrotreating, to vacuum
distillation at reduced hydrocarbon partial pressures, either with or without presence of added
steam, to form one or more (i) light or heavy vacuum gas oil side streams, or combinations
thereof and (ii) vacuum residue which does not boil at said reduced pressures. One or more of
said (i) light or heavy vacuum gas oil side streams, or combinations thereof may have a sulfur
content in the range of about 0.1 to 5.0 wt.% prior to subsequent treating and are directed to
hydrotreating and then are separately hydrotreated in a different zone than fraction F2 and under
more intense hydrotreating conditions than fraction F2 to form stream S3 has a sulfur content in
the range of about 0.12 to 0.18 wt.% and which is essentially metal free or contains substantially
nil metal content of about 0.1 ppmwt. In an alternative, if the sulfur content of the lightest
vacuum gas oil side stream has sulfur content less than or within the range of fraction F2 prior to
subsequent treating, then such gas oil stream can be combined with fraction F2 for subsequent

treating and contribute to stream S2.

In one variation, the vacuum residue is directed to solvent deasphalting where it mixed with one
or more solvents, preferably paraffinic of 3 to 7 carbon numbers, to enable precipitation out of
solution asphaltenes or other residue heavy components to produce (i) one or more deasphalted
oils which have reduce levels of contaminants and (ii) a highly contaminated pitch stream that
contains the majority of metal, asphaltenes, and other contaminants of the original crude feed.

In a variation, at least one deasphalted oil stream is fed to the fraction F3 hydrotreater either
separately or combined with one or more of the vacuum gas oil side streams fed to fraction F3
hydrotreater, and is hydrotreated to form a portion of stream S3. When stream S3 so formed is
combined with streams 1 and 2, a fuel useful as turbine fuel is formed. The pitch stream is useful

as feed to delayed or continuous coker, a gasification unit, or asphalt production. In a preferred
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variation, the pitch stream is fed to a gasification unit which converts the pitch stream to
synthesis gas consisting of hydrogen and carbon monoxide and purifies the hydrogen which is

directed to hydrogenation of components forming streams 2 and 3.

Various conditions of “mild conditions” of hydrotreating are described in US Patent 6,228,254
to Jossens et al, and such term as used herein means conditions of temperature, hydrogen partial
pressure, hydrogen flow rate, catalytic activity and space velocity being adjusted sufficiently to
reduce sulfur less to less than 50 ppmwt. More “severe conditions™ of hydrotreating, and such
term as used herein means where conditions of temperature, hydrogen partial pressure, hydrogen
flow rate, catalytic activity and space velocity are adjusted sufficient to reduce sulfur to much
lower levels than mild conditions yet to substantially avoiding ring saturation. Considerations of
sulfur compound structure are discussed in "New Approaches to Deep Desulfurization for Ultra-
Clean Gasoline and Diesel Fuels: An Overview" by Song, Fuel Chemistry Division Preprints
2002, 47(2), 439. Very deep sulfur removal may be possible by alternative routes discussed in
"Clean Fuels and Catalysis Program, The Energy Institute, and Department of Energy & Geo-
Environmental Engineering", by Xiaoliang Ma et al The Pennsylvania State University, AAD
Document Control Center, M/S 921-107 National Energy Technology Center, US Department of
Energy Institute. However, “deep sulfur removal” level as used herein means where
hydrotreating conditions, whether mild or severe, include appropriate hydrogen quantity and
partial pressure, are adjusted to reduce sulfur level to the range of 10 ppmwt or less.
"Revamping Diesel Hydrotreaters For Ultra-Low Sulfur Using IsoTherming Technology" by
Ackerson et al discusses unit design, catalyst choices, hydrogen consumption, and other
operating conditions for sulfur removal by hydrogenation to produce a product containing less
than 8 ppm sulfur by use of a high activity Ni/Mo catalyst. "Optimizing Hydroprocessing
Catalyst Systems for Hydrocracking and Diesel Hydrotreating Applications, Flexibility Through
Catalyst" by Shiflet et al, page 6 Advanced Refining Technologies Catalagram Special Edition
Issue No.113/2013 also discusses hydroprocessing to 10 ppm or less levels using high activity
CoMo catalyst to remove unhindered sulfur and a high activity NiMo catalyst for remaining

sterically hindered sulfur.

The Figure gives a general overview of another embodiment of this invention and shows in
simplified form the major components of process operation for production of a single liquid

product suitable for use as a fuel. A stream of contaminated crude oil comprising sulfur and
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metals enters the process via line 2 after pretreatment such as desalting, which is preferred for
crude oil. In this example, the crude feed 2 can be a single crude oil or blends of one or more

crude oils or a blend of a crude oil with high sulfur fuel oil.

Said crude is fractionated, with or without presence of added steam, into three liquid fractions
F1, F2 and F3. In the embodiment shown in the Figure, fraction F1 passes without treatment via
line 10 to combination zone 600. Fraction F2 passes via line 20 to hydrotreating unit 300 to
produce treated stream S2 which is directed via line 60 to combination zone 600. Feed rate to
and conditions of hydrotreating unit 300 are adjusted so that treated steam S2 has a sulfur
content less than 10 ppmwt and a total metals content the range of less than 100 ppmwt or which
is essentially metal free depending on severity of hydrotreating. Fraction F3 is directed via line
30 to an additional separation step in vacuum fractionation unit 200. From basic separation unit
100, entrained light gases pass overhead via line 4 and overhead partial condensation of
condensable entrained light gases occurs during fractionation without added stabilization steps
to remove butanes and other lighter components and pass via line 8 to combine with flows at
line 10 to form a portion of fraction F1. The light hydrocarbon gases of line 4 from upper zone
of unit 100 may be concentrated via line 6, separated and distributed as needed; for example,
separated into wet gases (such as propane and butane) or liquefied petroleum gas and dry gases
(such as ethane and methane) through a series of distillation columns and one or more of such
gases can be used to fire furnaces for other process unit operations. Ancillary apparatus details
are not shown but may include, for example, a reflux drum and associated water boot to remove
the condensing steam associated with the overhead contributed mainly from stripping steam that
optionally may have been fed to bottom zone of unit 100 and any associated side strippers, and
the reflux control apparatus for adjustment of the temperature of the overhead temperature by
use of reflux sourced from such reflux drum. At line 10, fraction 1 includes a first side cut drawn
at lower stage at line 10 than the overhead stage at line 4 and 8 producing the overhead vapor,
for example at lines 4 and 6, which first cut is combined with condense overhead 8. Non-
condensable light gases pass overhead via line 6 where such may be recovered for use to furnace
operations. In the variation shown in the Figure, basic separation includes vacuum fractionation
and fraction F3 is passed via line 30 and subjected to vacuum distillation in unit 200 at reduced
hydrocarbon partial pressures, either with or without presence of added steam, to form at least
one vacuum gas oil effluent stream at line 40 and to form at least one vacuum residual stream at

line 50. To adjust sulfur levels, the fraction F3 in line 30 can be supplemented by a blending
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high sulfur fuel oil (not shown) and the vacuum residual stream at line 50 can be supplemented

by a blending high sulfur fuel oil or alternative residual oil from another source, not shown.

In another variation (not shown), at least a portion of fraction F3 can be directly passed to
hydrotreater 400. In the variation shown in the Figure, the vacuum gas oil stream portion of
Fraction F3 is directed via line 40 to hydrotreating unit 400 and separately hydrotreated in a
different zone than fraction F2 and under more intense hydrotreating conditions than fraction F2
to form at least a portion of stream S3. Fractionating conditions of unit 200 are adjusted so that
vacuum gas oil effluent stream at line 40 has a sulfur content in the range of about 0.5 wt.% to 5
wt.% prior to subsequent treating in unit 400. Hydrotreated portion of Fraction F3 is directed via
line 70 to become part of hydrotreater effluent stream S3 that is directed via line 70 to combination
zone 600. Feed rates to and hydrotreating conditions of unit 400 are adjusted for stream S3 to have
a sulfur content in the range of about 0.12 to 0.18 wt.% and a total metals content the range of
about less than 0.1 ppmwt to 1 ppmwt, which is within essentially metal free. The vacuum
fractionation unit 200 also forms a vacuum residue effluent stream portion of Fraction F3 at line
50 which does not substantially boil at said reduced hydrocarbon partial pressures and is directed
via line 50 to solvent deasphalting unit operation 500. In the Figure, the vacuum residue is mixed
in unit 500 with one or more solvents to form a solution in a manner that enables precipitation out
of said solution much of the asphaltenes and other residue heavy components to form (1) a highly
contaminated pitch stream at line 90 that contains the majority of metals of the original
contaminated crude oil feed, which is directed via line 90 to other uses or disposal and (2) a
substantially solvent soluble deasphalted oil at line 80 which has reduced asphaltene content and
a total metals content the range of not less than about 2 ppmwt and not more than 20 ppmwt is
passed via line 80 to hydrotreater 400 and hydrotreated to form treated portion of fraction F3 that
forms at least a portion of stream S3. In one variation (not shown) high sulfur fuel oil or other

heavy residual oil is added to the solvent separation unit, either alone or with the vacuum residue.

In fractionating unit 100, yield cut, as wt.% of crude feed 2 or other measure, of each fraction F1
at line 10, F2 at line 20 and F3 at line 30 is determined by its sulfur content such that sulfur
content of fraction F1 at line 10 is less than that of fraction F2 at line 20 which is less than sulfur
content of fraction F3 at line 30. Also, by adjusting operation conditions of fractionating units
100 and 200 substantially all metals are concentrated in the portion of fraction F3 at line 50.

Yield cut of fraction F1 at line 10 is maximized based on sulfur content of the combination
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product stream 600 made by combining flows of (i) the portion of fraction F2 which is
hydrotreated to reduce sulfur content to less than about less than 10 ppmwt to form stream S2 at
line 60 and (ii) the one or more portions of fraction F3 at lines 40 and 80 which are hydrotreated
in zone 400 to form stream S3 at line 70 having reduced sulfur content of less than about0.12 to
0.18 wt.% and (iii) untreated fraction F1 having a sulfur content less than about 0.2 to 0.25 to
form stream S1 at line 10 to combination 600 where the final sulfur content of the combination
600 of streams S1 of line 10, S2 of line 60 and S3 of line 70 does not exceed total sulfur content
limit specification or target of said fuel. Suitable online measuring devices for rapid analysis of
sulfur content are commercially available, for illustration not limitation, such as “EDXRF/XRF
for Sulfur” and others available from Applied Rigaku Technologies, Inc., Austin, Texas, which

measures ranges of 0.02 to 6.0 wt.% sulfur.

In one variation of this embodiment, the sulfur content of fraction F1 at line 10 is measured to
ensure it does not exceed its operating specification limit, and fraction F1 is directed, without
further treatment, as stream S1 in line 10 continuously to the combination zone 600. Also, the
sulfur content of untreated streams at lines 20 and 30 are measured. For illustration, after
measuring the sulfur content of fraction F3 at line 30, fraction F3 can directed to one or more
additional separation zones 200 and 500 to separate fraction F3 by one or more process steps
into two or more portions, each of which portion can be subsequently treated for sulfur removal,
with treatment type and severity being select based upon feed sulfur content. In another
variation, sulfur content of streams 40 and 80 are measured and hydrotreating conditions of units
300 and 400 are adjusted to produce treated stream S2 at line 60 having a target sulfur content of
less than 10 ppmwt, preferably in the range of about 5 to 10 ppmwt, and treated stream S3 at line
70 having a target sulfur content of less than 0.18 wt.% in the range of about 0.12 to 0.18 wt.%.
Steams S1 at line 10, S2 at line 60, and S3 at line 70 are substantially continuous combined in
said combination zone 600 in a manner so that the (i) flow rate of each stream to the
combination is determined by its respective sulfur content and related contribution to overall
final sulfur content target limit of the combination, taking into consideration flow rate of each of
the other two streams and their respective sulfur content; and (ii) fractionation unit 100 yield cut
of untreated fraction F1 is maximized in a manner whereby the final sulfur content limit of the

combination at line 600 is not exceeded.
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In a variation also illustrated by the Figure, the yield cut of fraction F1 is maximized to enable
reduction of flow rates of fractions F2 and F3 and corresponding loads on hydrotreating units
300. Crude feed rate 2, fractionating conditions at units 100 and 200, and relative effluent flow
rates of fractions F1, F2 and F3 are adjusted so that when fraction F1 is not subsequently treated
for sulfur removal or reduction but is combined with treated portions of each fraction F2 and F3,
which portions are treated to remove or reduce sulfur content in units 300 and 400 to form
treated streams S2 at line 60 and S3 at line 70, the final sulfur content target specification or
sulfur limit of the product fuel at line 600 of combined streams S1, S2, and S3 is not exceeded.
If sulfur content of final fuel combination 600 is exceeded or target sulfur limit for fraction F1
for use in combination when considering sulfur content and flow rates of steams S2 and S3, then
either conditions of fractionating unit 100 or 200 or subsequent treating conditions, whether of
hydrotreating units 300 or 400 or alternative treating unit 500 by solvent separation, are
adjusted, depending on which condition adjustments are most economical to achieve sulfur
levels at or lower than interim and final target sulfur specification limits, such as a final fuel
product total sulfur content limit of about 0.05 to 0.1 wt.%. Alternatively, if sulfur content of
fraction F1 causes final product 600 sulfur content to approach or exceed its sulfur limit, a
portion of fraction F1 or one of the side cuts forming fraction F1 can be directed from line 10 via
line 14 to hydrotreating unit 300 and hydrotreated to return overall final product sulfur content
600 to its target. In a preferred variation hydrotreaters 300 and 400 each have demetallization
materials or a guard bed which are sized as known by persons skilled in the art. The objective of
such guard bed is to capture, reduce or impair contaminants and reduce the corrosive effect and

ash deposition caused by oil-soluble trace metals that contribute to ash formation at combustion.

The Figure also illustrates another variation in which vacuum distillation at 200 separates
fraction F3 at line 30 into two portions at line 40 and line 50 and one of such portions at 50 is
further separated by solvent separation unit 500 into two additional portions at lines 80 and 90.
The portions of fraction F3 at lines 40 and 80 are directed to hydrotreating zone 400 and
hydrotreating conditions of 400 are adjusted for such portions to produce treated stream S3
having a sulfur content in the range of about 0.12 to 0.18 wt.%. The treated portions are
combined or directed via line 70 to the combination zone 600 as part of stream S3. The
contaminant rich remaining portions of fraction F3 forming pitch stream 90 which is not
hydrotreated and is directed via line 90 to alternative processing such as downstream units for

hydrogen, power or other utilities generation or other uses such as in asphalt.
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In a preferred variation when the crude comprises contaminants containing asphaltenes, the
crude feed rate 2 and fractionation conditions of units 100 and 200 or alternative separation
process conditions of unit 500 such as solvent separation or deasphalting are adjusted such that
substantially all such asphaltenes or other residual contaminated are concentrated in remaining
portions of fraction F3 at line 90 which portion is not directed to hydrotreating to avoid fouling
or other adverse impact on hydrotreating catalyst. Also, for hydrotreating considerations, portion
of fraction F2 can be directed via line 44 to hydrotreating zone 400 to form part of stream S3 at
line 70. Preferably the pitch stream 90 is used as feed to a gasification unit, or asphalt
production, or a boiler. In one variation, portions of fraction F3 which are not hydrotreated,
whether as a heavy residual oil or a heavier pitch resulting from solvent deasphalting are used as
feed to a gasification unit which converts such to synthesis gas consisting of CO and hydrogen,
which hydrogen is then purified and directed to hydrogenation in zones 300 and 400 of portions
of fractions F2 and F3 forming streams S2 at line 60 and S3 at line 70. In variations, gasification
unit operations can include acid gas treatment steps to recover molten sulfur as a byproduct and

a combined cycle power plant to use synthesis gas in production of electricity.

Other variations of the embodiment illustrated in the Figure are part of this invention. In one
variation, the fractionation unit 100 can have multiple cuts or rundowns forming fraction F1 in
line 10, or multiple rundowns forming fraction F2 in line 20 or rundowns and bottoms streams

forming fraction F3 in line 30.

Such multiple cuts or randowns forming fraction F1 can be taken economically whereby they
contain essentially no metals and very small level of sulfur and nitrogen compared to the rest of
the cuts from the basic separation zones or fractionating units 100 and 200, and without further
processing can be sent directly to the [inished product stream 600. For illustration, not
limitation, adjusting fractionating conditions of units 100 or 200, or both, to maximize the
amount of upper zone low level contaminate or decontaminated fraction F1 minimizes the
amount of low boiling portions of the contaminated midrange fraction F2 load on hydrotreater
300 while maximizing the high boiling portion of F2 fraction to minimize F3. Such adjustment
facilitates a single side cut for fraction F2 leading to less rundown systems and lower costs over

multiple cuts.
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As illustrated by the figure, in this invention, one target liquid fuel is the product of crude feed.
Opposite thereto, in conventional crude oil distillation units as part of a full-fledged refinery,
there are numerous products and related numerous distillation specifications requiring more
trays to achieve fractionation efficiency essential to achieve such numerous product cuts and
specifications. Since fractionation efficiency is not a focus of importance of this invention, the
fractionators of this invention do not need as many trays to achieve basic rough cut separation or
fractionation, and thus may have less trays as well as less complex and less costly trays. Fewer
separation trays corresponds shorter column height and fewer required cuts, all leading to lower
capital cost. By operating the process and apparatus of this invention for maximization of first
fractionator upper zone quantity within fraction F1, versus that in upper zones of conventional
crude distillation, would include materials that with conventional distillation would be lighter
overhead unstabilized whole naphtha and a portion of heavier kerosene components, which
bypasses subsequent hydrotreating or other treatment. Such broad range within fraction F1
enables for the same processed crude as a comparative, a higher temperature profile in the upper
zone for the first fractionator of this invention as compared to a conventional crude oil
distillation units tower. Another advantage of such higher temperature profile of this invention is
that such avoids condensation experienced in the upper sections of conventional crude columns
caused by sub-cooling and pressure upsets leading to stripping steam condensing in the upper
stages of conventional crude columns. In addition, capital investment is further reduced by
avoiding costs of naphtha stabilization columns. Such higher temperature profile in the upper
zone enables different cuts of the crude in lower fractionating zones. When compared to
conventional distillation, for example, maximizing in fraction F1 a portion of what might
otherwise fall within lighter kerosene range materials would minimize amount of light distillates
and enable combining remaining light, middle and heavier distillates range materials in fraction
F2 in a single cut leading Lo fewer rundown systems and lower costs over conventional crude oil
distillation units that has multiple cuts. Also, having a higher temperature profile of first
fractionation unit enables eliminating or minimizing rundown streams and their associated pump
around systems and pump around associated trays by combining mid-range sulfur containing
cuts. For example, hydrocarbon streams that might otherwise be within conventional ranges of a
heavier kerosene range materials, light distillate, middle and heavier distillate of convention
crude distillation, may be combined into one common cut as fraction F2, and such reduces the
equipment list of the first fractionator and further reduces capital cost turbine fuel product. By

dropping the number of side cuts and the pump around associated with them we decrease
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pressure drop across the fractionator column due to reduced rundown streams, and hence the
feed flash zone pressure, and hence the flash zone temperature, with corresponding reduction in
column furnace duty which reduces energy consumption compared to conventional crude

distillation.

Preferred final fuel product contains 0.1 wt.% sulfur or less, but such fuel sulfur content can be
adjusted by unit operations to be more or less. The sulfur removal by the combined unit operations
as illustrated in the Figure can be much lower than 0.1 wt.% sulfur, or to meet market needs for
fuels having a sulfur content in excess of 0.1 wt.% sulfur such those for marine applications
ranging from 3.5 wt.% sulfur or lower. Fuel sulfur content adjustments may be made by adjusting
unit operations of this inventive process based on either allowable sulfur feed content limits or
sulfur emission levels from turbine systems firing fuels of this invention or corrosion issues of

such turbines using such fuels.

Although the various embodiments of the invention have been described, it is to be understood
that they are meant to be illustrative only and not limiting. It is apparent that the present
invention has broad application to production of fuels having low levels of sulfur and other
contaminants. Certain features may be changed without departing from the spirit or scope of the
present invention. Accordingly, the invention is not to be construed as limited to the specific
embodiments or examples discussed but only as defined in the appended claims or substantial

equivalents of the claims.
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Statements of invention

1. A fuel (600) having a sulfur content limit is formed by combination of three liquid
hydrocarbonaeous streams (10, 60, 70) wherein:

a. flow rate of each stream (10, 60, 70) to the combination (600) is determined by its
respective sulfur content and related contribution to overall final sulfur content limit of the
combination, taking into consideration flow rate of each of the other two streams and their
respective sulfur content, and

b. such streams are formed by {ractionating (100) crude (2), either with or without presence
of added steam, into three liquid fractions F1 (10), F2 (20), and F3 (30) wherein yield cut, as
wt.% of crude feed, of each fraction is determined by its sulfur content such that sulfur content
of fraction F1 (10) is less than that of fraction F2 (20) which is less than fraction F3 (30),

c. fraction F2 (20) is subsequently treated (300), and two portions (40, 80) of fraction F3
(30), one being a portion (80) from solvent separation (500), are subsequently treated (400), for
each treated stream (60, 70) to have a sulfur content of less than the fuel sulfur content limit and

d. yield cut of fraction F1 (10) is maximized and remains untreated and when combined
with treated fraction F2 (60) and treated portions (70) of fraction F3 (30), the final sulfur content

limit 600 of the combination is not exceeded.

2. A fuel in accordance with Claim 1 formed wherein fractionation includes overhead
partial condensation of condensable entrained light gases but without added stabilization steps to

remove butanes and other lighter components.

3. A fuel in accordance with Claim 1 formed wherein the crude comprises contaminants
containing metals or asphaltenes and crude feed rate and fractionation conditions are adjusted

such that substantially all such contaminates are concentrated in {raction F3 and

a. fraction F1 forms untreated stream S1 having sulfur content X1 and having less than 1

ppmwt metals,
b. fraction F2 when subsequently treated with hydrogen in the presence of catalyst under

conditions adjusted to form stream S2 having reduced sulfur content X2 and having less than 1

ppmwt metals; and
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c. fraction F3, at least a portion of which when subsequently treated with hydrogen in
the presence of catalyst under conditions adjusted to form stream S3 having reduced sulfur
content X3 and having less than 1 ppmwt metals; and

d. where X1>X2 and X3>X2 and streams S1, S2 and S3 are combined to form said fuel.

4. A fuel in accordance with Claim 1 wherein fraction F2 has a sulfur content, % mass of
crude, greater than 0.1 wt.% prior to subsequent treating and sulfur content of 6 to 25 ppmwt

after treating.

5. A fuel in accordance with Claim 1 wherein fraction F3 has a sulfur content, % mass of

crude, greater than (.1 wt.% prior to subsequent treating and sulfur content of 0.12 wt.% to 0.18

wt.% after treating.

6. A fuel in accordance with Claim 1 wherein fraction F3 (30) is:
a. subjected to vacuum distillation (200) at reduced hydrocarbon partial pressures,
either with or without presence of added steam, to form:

(i) one or more light and heavy vacuum gas oil side streams (40) having a sulfur
content, % mass of crude, in the range of about 0.1 to 5 wt.% prior to subsequent treating, which
are directed to hydrotreating (400) and then are separately treated with hydrogen in the presence
of catalyst in a different zone (400) than fraction F2 and under different hydrotreating conditions
than fraction F2 to form stream S3 (70) having less than 1 ppmwt metals; and

(i1) vacuum residue (50) which does not boil at said reduced pressures is directed
to solvent deasphalting (500) where mixed with one or more paraffinic solvents, asphaltenes and
other residue heavy components are precipitated out of solution to produce

(A) areduced contaminant deasphalted oil (80)
which is fed to the fraction F3 hydrotreater (400) either separately or combined with one or more
of the vacuum gas oil side streams of 6.a.1 (40) above, and

(B) a highly contaminated pitch stream (90) that contains the majority of
metal, asphaltenes, and other contaminants of the original crude feed (2); and

b. stream S3 (70) so formed is combined with streams S1 (10) and S2 (60) to form said
fuel.
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7. A fuel in accordance with Claim 6 wherein said pitch stream is used as feed to a

gasification unit, boiler, or asphalt production.

8. A fuel in accordance with Claim 6 wherein said pitch stream is fed to a gasification unit
which converts the pitch stream to synthesis gas consisting of hydrogen and CO and purifies the

hydrogen which is directed to hydrogenation of components forming streams S2 and S3.

9. A fuel in accordance with Claim 6 which is a polished turbine fuel formed by the
combination of steams S1, S2 and S3 and has a maximum 0.1 wt. % sulfur content and contains

less than 1 ppmwt metals.

10. Use of a fuel produced in accordance with the process of Claim 1 in marine or land

based engines, combustion gas turbines, or fired heaters.

11. A method to convert a contaminated crude oil (2) comprising sulfur and metals, with or
without presence of added feed steams, to a fuel having a sulfur content limit characterized in
that the crude is fractionated into three liquid fractions F1 (10), F2 (20), and F3 (30, 40) and at
least a portion of fraction F2 (60) and a portion fraction F3 are hydrotreated (70) wherein
fractionating (100, 200) and hydrotreating (300, 400) conditions are adjusted such that:

a. overhead partial condensation of condensable entrained light gases (4) occurs during
fractionation (100) without added stabilization steps to remove butanes and other lighter
components to form a portion of fraction F1 (8, 10),

b. each fraction of crude is determined by its wt.% sulfur content such that sulfur
content of fraction F1 (10) is less than that of fraction F2 (20) which is less than fraction F3
(30),

c. substantially all metals are concentrated in fraction F3 (30);

d. yield cut of fraction F1 (10) is maximized based on sulfur content of a combination
product stream made by combining flows of (i) a portion of fraction F2 (20) which is
hydrotreated (300) to reduce sulfur content to less than 25 ppmwt to form stream S2 (60) and (ii)
portions of fraction F3 (40, 80) which are hydrotreated (400) to reduce sulfur content to less than
0.12 to 0.18 wt.% to form stream S3 (70) and (iii) untreated fraction F1 having a sulfur content

less than 0.25 wt.% to form stream S1 (10) where the final sulfur content limit of the
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combination (600) of streams S1 (10), S2 (20) and S3 (30) does not exceed total sulfur content

limit of said fuel.

12. A method in accordance with Claim 11 wherein, prior to hydrotreating any portion of
fraction F3,

substantially all of fraction F3 is subjected to vacuum distillation at reduced hydrocarbon partial
pressures, either with or without presence of added steam, to form:

a. at least one vacuum gas oil effluent stream (40) having a sulfur content, % mass of
crude, in the range of about 0.1 wt.% to 5 wt.% prior to subsequent treating, which stream is
directed to hydrotreating (400) and hydrotreated in a different zone than fraction F2 hydrotreater
(300) and under more intense hydrotreating conditions than fraction F2 to form at least a portion
of stream S3 (70) which has a sulfur content in the range of 0.12 wt.% to 0.18 wt.% and contains
less than 1 ppmwt metals; and

b. a vacuum residue effluent stream (50) which does not substantially boil at said
reduced hydrocarbon partial pressures which residue is directed to solvent deasphalting (500)
and mixed with one or more solvents to form a solution in a manner that enables precipitation
out of said solution asphaltenes and other residue heavy components to form:

(i) a highly contaminated pitch stream (50) that contains the majority of metals of
the original contaminated crude oil feed; and
(ii) a deasphalted oil (80) that forms a portion of stream S3 (70) and is either
(A) combined with a non-hydrotreated portion of fraction F3 and such
combination is hydrotreated to form at least a portion of stream S3 or
(B) hydrotreated and combined with a separately hydrotreated portion of

fraction F3 to form at least a portion of stream S3.

13. A method in accordance with Claim 11 comprising:

a. measuring the sulfur content of fraction F1 and without further treatment, directing
fraction F1 continuously to said combination,

b. measuring the sulfur content of fraction F2 and directing fraction F2 to a
hydrotreating zone and adjusting hydrotreating conditions for fraction F2 to produce treated
stream S2 having a sulfur content of less than 10 ppmwt and directing treated stream S2

continuously in all or in part to said combination zone,
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c. measuring the sulfur content of fraction F3 and directing fraction F3 to a separation
zone to separate fraction F3 by one or more process steps into two or more portions,

(i) first portion which is to be hydrotreated which are directed to a hydrotreating
zone and adjusting hydrotreating conditions for such portions to produce treated stream S3
having a sulfur content of less than 0.18 wt.% and directing treated stream S3 continuously to
said combination zone and

(ii) second portions which are not hydrotreated.

d. continuously combining steams S1, S2, and S3 in said combination zone, wherein

(1) flow rate of each stream to the combination is determined by its respective
sulfur content and related contribution to overall final sulfur content limit of the combination,
taking in consideration flow rate of each of the other two streams and their respective sulfur
content; and

(ii) yield cut of untreated fraction F1 is maximized in a manner whereby the final

sulfur content limit of the combination is not exceeded,;

14. A method in accordance with Claim 11 wherein the crude comprises contaminants
containing asphaltenes and crude feed rate and fractionation conditions are adjusted such that
substantially all such asphaltenes are concentrated in last portion of fraction F3 which is not

hydrotreated.

15. A method in accordance with Claim 11 wherein said pitch stream is used as feed to a

gasification unit, boiler, or asphalt production.

16. A method in accordance with Claim 11 wherein said pitch stream is used as feed to a
gasification unit which converts the pitch to synthesis gas consisting of CO and hydrogen, which
hydrogen is directed to hydrogenation of portions of fractions F2 and F3 forming streams S2 and

S3.

17. A fuel produced in accordance with the process of Claim 11 having a sulfur content limit

selected at or below regulatory requirements at location of firing.
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18. A fuel produced by the method of Claim 11 formed by combination of steams S1, S2 and
S3 which is useful as a polished turbine fuel having a maximum 0.1 wt.% sulfur content and less

than 0.1 ppmwt metals content.

19. Use of a fuel produced in accordance with the process of Claim 11 in marine or land based

engines, combustion gas turbines, or fired heaters.

20. A liquid fuel (600) having a low level of contaminants and suitable for use as a turbine fuel
characterized in that it is a product of the process comprising:

a. feeding a contaminated hydrocarbonaeous flowing feed (2) selected from the group
consisting of one or more of crude oils, refinery residual oils, high sulfur fuel oils, biomass
liquids, or hydrocarbon oil slurries containing particles of coke, coal, peat or ash to a basic
separation zone which serves as a primary decontaminator,

b. separating said liquid feed in said zone into a minimum number of basic segments (10,
20, 30) based upon measurement of contaminate levels of effluent streams, not based upon
measurement of hydrocarbon composition, temperature range or other non-contaminant related
separation criteria,

c. adjusting operating conditions of said separation zone (100) to control separation of
feed to form segments having different contaminate levels to form:

(i) a reduced contaminate level segment (100), which without substantial
subsequent treatment, forms a fuel component stream (10),

(ii) a contaminated segment (20) which is treated (300) by hydrogen in the
presence of catalyst to form one or more reduced contaminate level fuel component streams (60)
and

(iii) a contaminate rich segment (30) which is subjected to one or more additional
separation steps (200, 500) to form one or more reduced contaminate level streams (40, 80),
each of which are treated (400), either separately or combined, by hydrogen in the presence of
catalyst to form one or more reduced contaminate level fuel component streams (70), and

d. combining fuel component streams of c.(i) (10), c.(ii) (60) and c.(iii) (70) to form said

fuel (600).

21. Use of a fuel produced in accordance with the process of Claim 20 in marine or land based

engines, combustion gas turbines, or fired heaters.
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22. A fractionator (100) having upper, middle and lower zones for separating crude oil feed
characterized in that such fractionator does not achieve fractionation efficiency for precise target
cuts based on temperature, hydrocarbon composition or other non-contaminant related separation
criteria but achieves feed separation to respective fractions F1 (10), F2 (20) and F3 (30) based on
contaminate levels of target fractions F1, F2 and F3, either as one cut for each such fraction or
multiple cuts combined o form each such fraction, which fractionator has, when processing the
same crude for a comparative to conventional crude oil distillations processing such same crude,
a higher temperature profile in the upper zone which:

a. avoids excessive vapor condensation and flooding experienced in the upper sections of
conventional crude oil distillation caused by sub-cooling and related pressure change upsets
leading to condensation of stripping steam and excessive liquids formation in the upper zone of
conventional crude oil distillations,

b. maximizes quantity of fraction F1 within said upper zone in relation to fractions F2
and F3, which fraction F1 if within conventional distillation would include materials within the
range from light overhead unstabilized whole naphtha to kerosene range components or at least a
portion of other light distillates, such maximization of fraction F1 would minimize quantity of
light distillates in fraction F2 and enables combining all of such materials within the range from
light overhead unstabilized whole naphtha to kerosene range components or at least a portion of
other light distillates in fraction F1 in a single cut leading to fewer rundown systems over
conventional crude oil distillation units that has multiple cuts for such materials,

¢. maximizes quantity of fraction F2 within said middle zone in relation to fraction F3,
which fraction F2 if within conventional distillation would include materials within the range
from a portion of remaining heavier portion of light distillates and middle and heavy distillates,
which maximization enables combining said remaining heavier portion of light distillates and
middle and heavy distillates in fraction F2 in a single cut leading (o fewer rundown systems over
conventional crude oil distillation units that has multiple cuts for such materials, or

d. decreases pressure drop across the fractionator column due to reduced rundown
streams, and reduced number of trays, hence decreases the feed flash zone pressure, and hence
decreases the flash zone temperature, with corresponding reduction in column furnace duty

which reduces energy consumption compared to conventional crude distillation.



CLAIMS

1. A fuel (600) having a sulfur content limit is formed by combination of three liquid

hydrocarbonaeous streams (10, 60, 70) wherein

a. flow rate of each stream (10, 60, 70) to the combination (600) is determined by its
respective sulfur content and related contribution to overall final sulfur content limit of the
combination, taking into consideration flow rate of each of the other two streams and their

respective sulfur content, and

b. such streams are formed by fractionating (100) crude (2), either with or without
presence of added steam, into three liquid fractions F1 (10), F2 (20), and F3 (30) wherein
yield cut, as wt.% of crude feed, of each fraction is determined by its sulfur content such that
sulfur content of fraction F1 (10) is less than that of fraction F2 (20) which is less than
fraction F3 (30),

c. fraction F2 (20) is subsequently treated (300), and two portions (40, 80) of fraction
F3 (30), one being a portion (80) from solvent separation (500), are subsequently treated
(400), for each treated stream (60, 70) to have a sulfur content of less than the fuel sulfur

content limit and

d. yield cut of fraction F1 (10) is maximized in relation to fractions F2 and F3,
maximizing in fraction F1 a portion of what might otherwise fall within lighter kerosene range
materials to minimize amount of light distillates in fraction F2, and remains untreated and
when combined with treated fraction F2 (60) and treated portions (70) of fraction F3 (30), the

final sulfur content limit of the combination (600) is not exceeded.

2. A fuel in accordance with Claim 1 formed wherein said yield cut of fraction F1(10) is
maximized within a range from light overhead unstabilized whole naphtha to kerosene range
components or at least a portion of other light distillates by overhead partial condensation of
condensable entrained light gases but without added stabilization steps to remove butanes

and other lighter components.

3. A fuel in accordance with Claim 1 formed wherein the crude comprises contaminants
containing metals or asphaltenes and crude feed rate and fractionation conditions are
adjusted such that substantially all such contaminates are concentrated in fraction F3 and
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a. fraction F1 forms untreated stream S1 having sulfur content X1 and essentially

metal free,

b. fraction F2 when subsequently treated with hydrogen in the presence of catalyst
under conditions adjusted to form stream S2 having reduced sulfur content X2 and

essentially metal free; and

c. fraction F3, at least a portion of which when subsequently treated with hydrogen in
the presence of catalyst under conditions adjusted to form stream S3 having reduced sulfur

content X3 and essentially metal free; and

d. where X1>X2 and X3>X2 and streams S1, S2 and S3 are combined to form said

fuel.

4, A fuel in accordance with Claim 1 wherein fraction F2 has a sulfur content, % mass
of crude, greater than 0.1 wt.% prior to subsequent treating and sulfur content of 6 to 25

ppmwt after treating.

5. A fuel in accordance with Claim 1 wherein said combination (600) contains 0.1 wt.%
sulfur or less but such fuel sulfur content can be adjusted by unit operations to be more or

less.
6. A fuel in accordance with Claim 1 wherein fraction F3 (30) is

a. subjected to vacuum distillation (200) at reduced hydrocarbon partial
pressures, either with or without presence of added steam, to form:

(i) one or more light and heavy vacuum gas oil side streams (40) having a
sulfur content, % mass of crude, in the range of about 0.1 to 5 wt.% prior to subsequent
treating, which are directed to hydrotreating (400) and then are separately treated with
hydrogen in the presence of catalyst in a different zone (400) than fraction F2 and under
different hydrotreating conditions than fraction F2 to form stream S3 (70) having less than 1
ppmwt metals; and

(i) vacuum residue (50) which does not boil at said reduced pressures is
directed to solvent deasphalting (500) where mixed with one or more paraffinic solvents,
asphaltenes and other residue heavy components are precipitated out of solution to produce
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(A) areduced contaminant deasphalted oil (80)
which is fed to the fraction F3 hydrotreater (400) either separately or combined with one or
more of the vacuum gas oil side streams of 6.a.1 (40) above, and

(B) a highly contaminated pitch stream (90) that contains the majority

of metal, asphaltenes, and other contaminants of the original crude feed (2); and

b. stream S3 (70) so formed is combined with streams S1 (10) and S2 (60) to form

said fuel.

7. A fuel in accordance with Claim 6 wherein said pitch stream is used as feed to a

gasification unit, boiler, or asphalt production.

8. A fuel in accordance with Claim 6 wherein said pitch stream is fed to a gasification
unit which converts the pitch stream to synthesis gas consisting of hydrogen and CO and
purifies the hydrogen which is directed to hydrogenation of components forming streams S2
and S3.

9. A fuel in accordance with Claim 6 which is a polished turbine fuel formed by the
combination of steams S1, S2 and S3 and has a maximum 0.1 wt. % sulfur content and

contains less than 1 ppmwt metals.

10. Use of a fuel produced in accordance with the process of Claim 1 in marine or land

based engines, combustion gas turbines, or fired heaters.

11. A process to make a fuel (600) having a sulfur content limit by combination of three
liquid hydrocarbonaeous streams (10, 60, 70) wherein:

a. flow rate of each stream (10, 60, 70) to the combination (600) is determined by its
respective sulfur content and related contribution to overall final sulfur content limit of the
combination, taking into consideration flow rate of each of the other two streams and their
respective sulfur content, and

b. such streams are formed by fractionating (100) crude (2), either with or without
presence of added steam, into three liquid fractions F1 (10), F2 (20), and F3 (30) wherein
yield cut, as wt.% of crude feed, of each fraction is determined by its sulfur content such that
sulfur content of fraction F1 (10) is less than that of fraction F2 (20) which is less than

fraction F3 (30),
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c. fraction F2 (20) is subsequently treated (300), and two portions (40, 80) of fraction
F3 (30), one being a portion (80) from solvent separation (500), are subsequently treated
(400), for each treated stream (60, 70) to have a sulfur content of less than the fuel sulfur

content limit and
d. vyield cut of fraction F1 (10) is maximized in relation to fractions F2 and F3,

maximizing in fraction F1 a portion of what might otherwise fall within lighter kerosene range
materials to minimize amount of light distillates in fraction F2, and remains untreated and
when combined with treated fraction F2 (60) and treated portions (70) of fraction F3 (30), the
final sulfur content limit of the combination (600) is not exceeded.

12. A process to make a fuel in accordance with Claim 11 formed wherein said yield cut
of fraction F1(10) is maximized within a range from light overhead unstabilized whole
naphtha to kerosene range components or at least a portion of other light distillates by
overhead partial condensation of condensable entrained light gases but without added

stabilization steps to remove butanes and other lighter components.

13. A process to make a fuel in accordance with Claim 11 formed wherein the crude
comprises contaminants containing metals or asphaltenes and crude feed rate and
fractionation conditions are adjusted such that substantially all such contaminates are
concentrated in fraction F3 and

a. fraction F1 forms untreated stream S1 having sulfur content X1 and essentially

metal free,
b. fraction F2 when subsequently treated with hydrogen in the presence of catalyst

under conditions adjusted to form stream S2 having reduced sulfur content X2 and

essentially metal free; and
c. fraction F3, at least a portion of which when subsequently treated with hydrogen in

the presence of catalyst under conditions adjusted to form stream S3 having reduced sulfur

content X3 and essentially metal free; and
d. where X1>X2 and X3>X2 and streams S1, S2 and S3 are combined to form

said fuel.

14. A process to make a fuel in accordance with Claim 11 said combination (600) is
formed by processing crude to a single product of unit operations including untreated direct
F1 and indirect treated F2 and indirect treated F3.
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15 A process to make a fuel in accordance with Claim 11 wherein said combination (600)
contains 0.1 wt.% sulfur or less but such fuel sulfur content can be adjusted by unit

operations to be more or less.

16. A process to make a fuel in accordance with Claim 11 wherein fraction F3 (30) is:
a. subjected to vacuum distillation (200) at reduced hydrocarbon partial pressures,
either with or without presence of added steam, to form:

(i) one or more light and heavy vacuum gas oil side streams (40) having a
sulfur content, % mass of crude, in the range of about 0.1 to 5 wt.% prior to subsequent
treating, which are directed to hydrotreating (400) and then are separately treated with
hydrogen in the presence of catalyst in a different zone (400) than fraction F2 and under
different hydrotreating conditions than fraction F2 to form stream S3 (70) having less than 1
ppmwt metals; and

(i) vacuum residue (50) which does not boil at said reduced pressures is
directed to solvent deasphalting (500) where mixed with one or more paraffinic solvents,
asphaltenes and other residue heavy components are precipitated out of solution to produce
a reduced contaminant deasphalted oil (80) which is fed to the fraction F3 hydrotreater (400)
either separately or combined with one or more of the vacuum gas oil side streams of 6.a.1
(40) above, and

(B) a highly contaminated pitch stream (90) that contains the majority
of metal, asphaltenes, and other contaminants of the original crude feed (2); and
b. stream S3 (70) so formed is combined with streams S1 (10) and S2 (60) to form

said fuel.

17. A process to make a fuel in accordance with Claim 16 wherein said pitch stream is

used as feed to a gasification unit, boiler, or asphalt production.

18. A process to make a fuel in accordance with Claim 16 wherein said pitch stream is
fed to a gasification unit which converts the pitch stream to synthesis gas consisting of
hydrogen and CO and purifies the hydrogen which is directed to hydrogenation of

components forming streams S2 and S3.

19. A process in accordance with Claim 16 to make a polished turbine fuel formed by the
combination of steams S1, S2 and S3 having a maximum 0.1 wt. % sulfur content and

contains less than 1 ppmwt metals.
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20. A fuel (600) having a sulfur content limit is formed by combination of three liquid
hydrocarbonaeous streams (10, 60, 70) wherein:

a. flow rate of each stream (10, 60, 70) to the combination (600) is determined by its
respective sulfur content and related contribution to overall final sulfur content limit of the
combination, taking into consideration flow rate of each of the other two streams and their
respective sulfur content, and

b. such streams are formed by fractionating (100) crude (2), either with or without
presence of added steam, into three liquid fractions F1 (10), F2 (20), and F3(30) wherein
yield cut, as wt.% of crude feed, of each fraction is determined by its sulfur content such that
sulfur content of fraction F1 (10) is less than that of fraction F2 (20) which is less than
fraction F3 (30),

c. fraction F2 (20) is subsequently treated (300), and two portions (40, 80) of fraction
F3 (30), one being a portion (80) from solvent separation (500), are subsequently treated
(400), for each treated stream (60, 70) to have a sulfur content of less than the fuel sulfur
content limit,

wherein said crude (2) comprises contaminants containing metals or asphaltenes
and crude feed rate and fractionation conditions are adjusted such that substantially all such
contaminates are concentrated in fraction F3 and fraction F1 forms untreated stream S1
having sulfur content X1 and essentially metal free and fraction F2 when subsequently
treated with hydrogen in the presence of catalyst under conditions adjusted to form stream
S2 having reduced sulfur content X2 and essentially metal free; and fraction F3, at least a
portion of which when subsequently treated with hydrogen in the presence of catalyst under
conditions adjusted to form stream S3 having reduced sulfur content X3 and essentially
metal free and wherein X1>X2 and X3>X2 and streams S1, S2 and S3 are combined to form
said fuel, and

d. yield cut of fraction F1 (10) is maximized in relation to fractions F2 and F3,
maximizing in fraction F1 a portion of what might otherwise fall within lighter kerosene range
materials to minimize amount of light distillates in fraction F2, and remains untreated and
when combined with treated fraction F2 (60) and treated portions (70) of fraction F3 (30), the
final sulfur content limit of the combination (600) is not exceeded.
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