
WO 2014/085009 	 PCT/US2013/067197 

- 1 - 

CHARACTERIZATION AND PREDICTION OF JET FUEL QUALITY 

FIELD OF THE INVENTION 

[0001] 	This 	invention relates to methods 	for predicting the 	quality of 

kerosene and/or jet fuel fractions. 

BACKGROUND 

[0002] 	Currently, petroleum fractions used for jet fuel must satisfy the 

requirements specified in ASTM D1655. 	One of the more difficult tests to 

satisfy is the jet fuel thermal oxidation test as described in ASTM D3241. 

Unfortunately, currently available techniques have limited value in predicting 

whether a potential jet fuel fraction will be able to satisfy the test(s) specified in 

ASTM D3241. 	Once a fraction is found to meet all of the specifications from 

ASTM D1655, it is conventionally assumed that a jet fuel fraction will remain 

stable over time and therefore will remain within the specification limits and not 

need subsequent testing for requalification for use. 

[0003] 	Conventional methods for hydroprocessing a petroleum fraction to 

form 	jet 	fuel 	rely 	on 	trial-and-error 	in 	order 	to 	identify 	appropriate 

hydroprocessing conditions. 	Such a trial-and-error process is used each time a 

new petroleum slate is selected for forming a feed for processing as a jet fuel. 

SUMMARY 

[0004] 	In an embodiment, a method for preparing a jet fuel or kerosene 

product is provided. The method includes determining a thermal breakpoint and 
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one or more of a sulfur content, a nitrogen content, an aromatics content, and an 

API gravity for a first kerosene fraction; assigning weights for a plurality of 

compositional groups for the first kerosene fraction based on the determined 

thermal breakpoint and the determined one or more of a sulfur content, a 

nitrogen 	content, 	an 	aromatics 	content, 	and 	an 	API 	gravity; 	selecting 

hydroprocessing conditions for the first kerosene fraction based on the assigned 

weights for the plurality of compositional groups, the determined one or more of 

a sulfur content, a nitrogen content, an aromatics content, and an API gravity, 

and a model for correlating a thermal breakpoint of a kerosene fraction with a) 

the one or more of a sulfur content, a nitrogen content, an aromatics content, and 

an API gravity, and b) weights for the plurality of compositional groups; and 

hydroprocessing the first kerosene fraction using the selected hydroprocessing 

conditions, wherein the model for correlating a thermal breakpoint of a kerosene 

fraction with a) the one or more of a sulfur content, a nitrogen content, an 

aromatics content, and an API gravity, and b) weights for the plurality of 

compositional groups is constructed based on measured thermal breakpoints for 

a plurality of kerosene fractions, measured values for the one or more of a sulfur 

content, a nitrogen content, an aromatics content, and an API gravity for the 

plurality of kerosene fractions, and weights for the plurality of compositional 

groups for the plurality of kerosene fractions. 

[0005] 	Optionally, the method can include construction of the model. In such 

an embodiment, the method can further include measuring the thermal 

breakpoint for the plurality of kerosene fractions; measuring the one or more of a 

sulfur content, a nitrogen content, an aromatics content, and an API gravity for 

the plurality of kerosene fractions; analyzing the plurality of kerosene fractions 

to determine weights for the plurality of compositional groups within each 

kerosene fraction; and constructing the model for correlating the thermal 

breakpoint of a kerosene fraction with a) the one or more of a sulfur content, a 
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nitrogen content, an aromatics content, and an API gravity, and b) weights for 

the plurality of compositional groups. 	In some embodiments, the method for 

analyzing the plurality of kerosene fractions to determine weights for the 

plurality of compositional groups is Fourier transform ion cyclotron resonance 

mass spectrometry. 

BRIEF DESCRIPTION OF THE FIGURES 

[0006] 	The patent or application file contains at least one drawing executed in 

color. 	Copies of this patent or patent application publication with color 

drawing(s) will be provided by the Office upon request and payment of the 

necessary fee. 

[0007] 	FIGURE 1 shows an example of compositional group information 

determined by Fourier transform ion cyclotron resonance mass spectrometry. 

(COLOR) 

DETAILED DESCRIPTION OF THE EMBODIMENTS 

Overview 

[0008] 	Conventionally, the factors that cause a given kerosene sample to pass 

or fail a thermal breakpoint and/or thermal stability test at a given temperature 

are not well understood. 	It is known that hydrotreating of a kerosene sample 

tends to improve the breakpoint temperature for the sample. However, setting 

optimal hydrotreating conditions to allow a potential jet fuel (kerosene) feed to 

pass a desired thermal breakpoint and/or breakpoint stability specification has 

been historically a difficult trial and error process for each particular feed. 	For 

example, two kerosene feeds that appear to be similar under conventional 
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methods of characterization can have widely different thermal breakpoint and/or 

breakpoint stability behavior. 	Due to the long time period required for at least 

some types of thermal breakpoint and/or stability testing, a method allowing for 

predication of jet fuel behavior based on common analytical techniques available 

in a refinery setting is desirable. 

[0009] 	In various embodiments, systems and methods are provided for 

characterizing kerosene fractions (such as potential jet fuel fractions) in order to 

determine whether the fractions will satisfy a desired thermal breakpoint 

specification. Additionally, hydrotreating conditions can be determined that will 

result in a hydrotreated kerosene fraction that satisfies the desired thermal 

breakpoint specification. 

[0010] 	In order to predict whether a kerosene fraction will satisfy a thermal 

breakpoint specification and/or predict hydroprocessing conditions that will 

result in a hydrotreated kerosene sample that satisfies the thermal breakpoint 

specification, a library of data containing reference kerosene samples can be 

acquired using a variety of characterization methods. The data for the reference 

kerosene samples is preferably based on measurements performed on kerosene 

or jet fractions from a plurality of crude sources. Alternatively, a library can be 

constructed of reference kerosene samples derived from a single crude source for 

use in predicting properties of a specific type of kerosene fraction. A first type 

of data or characterization in the library can be various thermal breakpoint 

values for kerosene samples. For a given sample, thermal breakpoint values can 

be generated for a sample as initially received as well as for a sample after 

various amounts of hydroprocessing. 

[0011] 	A second type of characterization corresponds to bulk physical 

properties for a reference sample, such as sulfur content, nitrogen content, API 

gravity, aromatics content, or other readily characterized values for a kerosene 
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sample. Preferably, the characterization of physical properties can be limited to 

properties that are readily obtained in a non-laboratory setting, such as a refinery 

setting. 	Examples of readily obtained properties in a refinery setting include 

sulfur content, nitrogen content, API gravity, and/or aromatics content. 	It is 

noted that the API gravity and the aromatics content for a kerosene sample 

provide somewhat similar information. 	Therefore, it may be desirable to use 

only one of the API gravity and the aromatics content for a given sample. 	In 

some embodiments, the physical properties of a kerosene sample used for the 

second type of characterization are sulfur content, nitrogen content, and API. 

Other types of data that could be used in the second type of characterization 

include the trace metals content or the oxygen content for a kerosene sample. 

Currently, measurement of trace metals content or oxygen content as part of the 

second type of characterization is not preferred, due to the higher complexity 

and/or greater time required to obtain these values using conventional methods. 

[0012] 	The above characterization values are complemented in the library by 

a third type of characterization of samples, which is performed using Fourier- 

Transform Ion Cyclotron Resonance mass spectroscopy (FTICR). 	Using 

FTICR, individual compounds within a kerosene sample can be identified both 

in terms of composition and quantity. This allows for a detailed qualitative and 

quantitative understanding of the types of molecules present in a kerosene 

sample, including compounds that contain heteroatoms other than carbon and 

hydrogen. 	Additionally, the changes in the amounts of these contaminant 

species can be investigated before and after various amounts of hydroprocessing. 

Based on the detailed information about the compounds within a sample, the 

compounds can be organized into compositional groups based on the number 

and type of heteroatoms in the compounds. 

[0013] 	Another variation for using compositional information to construct a 

model for predicting hydrotreating conditions is to use a different definition for 
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the compositional groups when analyzing FTICR data. 	For example, another 

way to define compositional groups is based on a "Z class" for the compositional 

groups. 	The Z class is a number based on the concept that the basic ratio of 

carbon to hydrogen in a hydrocarbon is one carbon per two hydrogens. The Z 

class represents the deviation of the ratio of carbon to hydrogen in a compound. 

For example, an alkane has a Z class of +2, since an alkane has a basic formula 

of C1H2„ 2. A compound with one degree of unsaturation and/or one closed ring 

structure, such as an alkene or a single ring cycloalkane, has a Z class of zero. 

As more degrees of unsaturation and/or additional rings are included in a 

compound, the Z class will continue to decrease. For example, benzene has a Z 

class -6, corresponding to one ring structure plus three degrees of unsaturation. 

It is noted that the presence of heteroatoms may also contribute to the Z class 

number of a compound. A compositional group definition based on Z class can 

be used instead of or as a complement to the heteroatom type compositional 

groups described above. Particularly for a model where multiple types of crudes 

are used to form kerosene fractions, a large number of data points can be 

available. 	For such a model, selecting compositional groups based on both the 

type of heteroatoms in a compound and the Z class of compound can allow for a 

more refined model while still limiting the model to a manageable amount of 

data. Still another alternative is to not use the heteroatom identities, and instead 

construct 	compositional 	groups 	based 	solely 	on 	one 	or 	more 	Z 	class 

identifications as determined from FTICR data. 	Yet another alternative is to 

include components based on one or more individual compounds. 

[0014] 	The detailed information from FTICR can be combined with the 

physical property and thermal breakpoint / breakpoint stability measurements to 

determine a correlation. Although FTICR provides more detailed information, 

the nature of FTICR makes the technique difficult to incorporate into a refinery 

(or other non-laboratory) setting. Instead, the FTICR information can be used to 



WO 2014/085009 
	

PCT/US2013/067197 

-7 

construct a model for evaluating kerosene fractions based on values that are 

more 	readily 	obtained, 	such 	as 	breakpoint 	temperature 	and 	other bulk 

compositional/physical properties. 

[0015] 	For example, the thermal breakpoint, bulk physical properties, and 

FTICR data for a plurality of reference samples can be stored for use in a model. 

The plurality of reference samples preferably include at least some samples that 

are related based on the samples being derived from the same kerosene source. 

However, these related samples can still differ based on the amount and/or 

severity of hydrotreatment performed on the sample. 

[0016] 	When 	the 	model 	is 	used 	for 	prediction 	of 	the 	amount 	of 

hydroprocessing necessary for a new sample, the new sample is initially 

compared to the plurality of samples already in the database. This comparison is 

made, for example, based on the initial nitrogen, sulfur, API (and/or aromatics), 

and thermal breakpoint values for the new sample. By comparing with existing 

samples, a set of FTICR information is predicted for the new sample. 	The 

predicted FTICR information can then be used along with the nitrogen, sulfur, 

and API (and/or aromatics) values to select hydroprocessing conditions that will 

result in a thermal breakpoint / breakpoint stability for the hydroprocessed 

product that will satisfy the requirements in ASTM D1655. 

Stability Testing for Proposed Jet Fuel Products 

[0017] 	In the discussion herein, references to a "breakpoint" or "thermal 

breakpoint" are references to a JFTOTTM type thermal breakpoint as defined by 

ASTM D3241. 	(JFTOT refers to a jet fuel thermal oxidation test defined in 

ASTM D3241. 	JFTOT is currently a registered trademark of Petroleum 

Analyzer Company.) 	Jet fuel products are typically qualified, with regard to 

thermal stability, using an ASTM standard test (ASTM D3241) to determine if 
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the product properties satisfy the thermal stability specifications in ASTM 

D1655. 	The ASTM D3241 test is a "pass/fail" type test, meaning that a 

proposed jet fuel fraction is either qualified or not qualified for use. 	Similarly, 

references to a "breakpoint stability" are references to a JFTOTTM type 

breakpoint stability, as understood with reference to ASTM D3241 and/or 

ASTM D1655. 

[0018] 	Jet fuel products are generally tested using thermal breakpoint testing 

procedures that are defined in ASTM D3241. 	The test involves flowing a jet 

fuel sample in an elevated temperature environment over a metal heater tube 

under specified conditions. For example, a jet fuel sample can be passed from a 

reservoir over a metal heater tube at a temperature of 265°C and at a pressure of 

about 500 psig (3.44 MPag). 	The output from the metal heater tube is then 

passed through a differential pressure filter. The flow rate from the reservoir is 

typically maintained at a constant value, such as 3.0 ml/min for a set period of 

time, such as 150 minutes. After the test, the deposits on the metal heater tube 

are evaluated for color and pattern. This establishes a "tube rating" for the test. 

The maximum pressure drop across the filter is also determined. A proposed jet 

fuel sample is deemed to pass the test if both the tube rating and pressure drop 

values are satisfactory. 

[0019] 	One option is to test a jet fuel sample at a single temperature, such as 

265°C, to qualify the sample for use. 	Common temperatures used as a target 

temperature for qualifying a sample for use include 260°C, 265°C, 270°C, 

275°C, or 280°C. 	Another option is to determine a breakpoint for the sample. 

To identify a breakpoint, a series of tests are performed at temperatures that 

differ by an interval of 5°C. At lower temperatures, the jet fuel sample will pass 

the tube rating (deposits) and pressure drop tests. 	As the temperature is 

increased, a temperature interval will eventually be reached where the sample 

has satisfactory tube rating and pressure drop values at the temperature on the 
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lower side of the interval while failing one or both of the tube rating and 

pressure drop portions of the test on the high temperature side of the interval. 

The lower temperature of the pair of temperatures corresponding to the interval 

is defined as the breakpoint for the sample. 	In other words, the breakpoint 

temperature is a temperature where any further temperature increase is likely to 

result in failure of the sample to pass the test defined in ASTM D3241. 

[0020] 	The breakpoint for a potential jet fuel or kerosene sample can be 

determined at various times. 	One time period for determining a thermal 

breakpoint is prior to hydroprocessing, while another time is after some amount 

of hydroprocessing. Still another time for determination of a breakpoint is after 

a sample has aged. 	This allows the method for determining a breakpoint 

temperature to be expanded to provide an improved method for determining the 

breakpoint stability of a sample. Although some jet fuel is used relatively soon 

after production at a refinery, it is desirable for a jet fuel sample to be stable for 

periods of a year or even longer. The breakpoint stability of an aged sample can 

be tested by determining whether an aged sample still satisfies a desired 

breakpoint specification. 

[0021] 	Of course, one method for determining whether a potential jet fuel 

remains suitable for use after aging for a year is to use a brute force method. For 

example, a jet fuel can be stored for six months or a year at 20°C and then tested 

using an appropriate ASTM method. 	While this type of aging allows for 

accurate determination of breakpoint stability, the time required for this type of 

testing is not usually practical. Another option is to use some type of accelerated 

aging, such as by aging a sample at a temperature greater than 20°C for a shorter 

period of time. 	For example, aging a sample at about 43°C for a week is 

considered to be equivalent to aging a sample at 20°C for a month. (See ASTM 

D4625.) Thus, accelerated aging can be performed by storing a sample at 43°C 

(or another suitable temperature of at least about 40°C) for a desired period of 
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time. Aging for a period of at least about 6 weeks roughly corresponds to aging 

for 6 months, while aging for a period of 12 weeks roughly corresponds to aging 

for a year. After aging, the breakpoint temperature for the aged sample can be 

determined using an appropriate ASTM method, in order to evaluate the 

breakpoint stability of the sample. 

[0022] 	In addition to verifying that an aged sample meets a breakpoint 

temperature specification, the amount of change in breakpoint temperature after 

aging can also be valuable. 	After aging, a sample may have a breakpoint 

temperature that, from an absolute value standpoint, still satisfies a desired 

breakpoint temperature specification. 	However, a sharp drop in breakpoint 

temperature for a sample after aging indicates a sample that may be unreliable 

after storage. 	Thus, in addition to the absolute breakpoint temperature for an 

aged sample, in some embodiments a kerosene fraction can be characterized as 

having an unsatisfactory breakpoint stability over time when the breakpoint for 

the sample changes by more than 10°C after 1 year of storage and/or under 

conditions that simulate a year of storage at standard temperature of about 20°C. 

Alternatively, a kerosene fraction having an unsatisfactory breakpoint stability 

can correspond to a kerosene fraction where the breakpoint changes by more 

than 6°C after 6 months of storage and/or under conditions that simulate 6 

months of storage. 

[0023] 	For example, a sample with a breakpoint of 275°C before aging and a 

breakpoint of 265°C after aging for 12 weeks at 43°C is still suitable for use as a 

jet fuel, even though the breakpoint for the sample has decreased. 	In this 

situation, the breakpoint of the sample has changed by 10°C or less during the 

equivalent of aging for 1 year. By contrast, a sample with a breakpoint of 280°C 

before aging and a breakpoint of 265°C after aging for 12 weeks at 43°C may or 

may not be suitable for use as a jet fuel. In this example, the breakpoint of the 

aged sample still satisfies the ASTM D3241 breakpoint requirement. However, 
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year may indicate a sample that will continue to degrade in an unacceptable 

manner. 

[0024] 	More generally, sample stability can be tested by first determining a 

breakpoint for jet fuel product samples by increasing the testing temperature for 

samples of the potential product. After identifying the break point, one or more 

samples of the jet fuel product can be aged at a temperature above 40°C for at 

least 6 weeks, such as for at least 10 weeks or at least 12 weeks. Examples of 

suitable testing temperatures are 43°C as described in ASTM D4625, 65°C as 

described in CRC report CA-43-98, or 95°C as described in ASTM D2274. 

Preferably, the aging temperature is about 43°C. After aging, the breakpoint for 

an aged sample of the jet fuel product is determined again to verify that the jet 

fuel product sample still passes the tube rating and pressure drop tests at a 

sufficiently high temperature to qualify for use as a jet fuel product. 

Feedstocks and Hydroprocessing 

[0025] 	In some embodiments, a feedstock for forming a jet fuel corresponds 

to a fraction of a crude oil that has a suitable boiling range. 	One example of a 

suitable boiling range for a jet fuel is a fraction with an initial boiling point of 

least about 284°F (140°C) and a final boiling point of less than about 572°F 

(300°C). A feedstock for forming a jet fuel may have a narrower and/or higher 

boiling range, to account for any conversion of a feedstock that may occur 

during hydroprocessing. The sulfur content of a suitable jet fuel fraction is 3000 

wppm or less, such as about 1500 wppm or less or about 500 wppm or less. 

[0026] 	Traditionally, kerosene fractions used for jet fuel have been derived 

from mineral crudes. Alternative crude sources such as pre-refined crudes have 

been avoided due to uncertainties about the breakpoint stability of such feeds. In 
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some embodiments, kerosene fractions derived from such alternative sources 

may be included as part of a jet fuel. 	Potential alternative sources include, but 

are not limited to, kerosenes derived from pre-refined crudes and/or derived 

from biological sources. 

[0027] 	Traditionally, fractions derived from a cracking type process, such as 

an output stream from a fluid catalytic cracking unit, a coker, or a visbreaking 

unit, have not been used for forming a jet fuel. 	Conventionally, it is believed 

that petroleum fractions derived from a cracking process will have poor stability 

and therefore will not be able to satisfy JFTOT requirements after long periods 

of storage. In some embodiments, kerosene fractions derived from cracking type 

processes may be included as part of a jet fuel. Potential sources include, but are 

not limited to, kerosenes derived from outputs of cracking processes, such as 

fluid catalytic cracking processes, coking processes, or other thermal cracking 

processes such as visbreaking. 

[0028] 	One option for upgrading a kerosene fraction (such as a kerosene 

fraction corresponding to a potential jet fuel fraction) is to hydroprocess the 

kerosene fraction, such as by hydrotreatment. A wide range of hydroprocessing 

conditions are potentially suitable for use, as even mild hydroprocessing 

conditions may produce a benefit in the properties of the jet fuel fraction. 

During hydroprocessing, a feedstock that is partially or entirely composed of a 

jet 	fuel boiling 	range 	fraction 	is 	treated 	in 	a hydrotreatment 	(or 	other 

hydroprocessing) reactor that includes one or more hydrotreatment (or other 

hydroprocessing) stages or beds. 	Optionally, the reaction conditions in the 

hydrotreatment stage(s) can be conditions suitable for reducing the sulfur content 

of the feedstream, such as conditions suitable for reducing the sulfur content of 

the feedstream to about 3000 wppm or less, or about 1000 wppm or less, or 

about 500 wppm or less. Additionally or alternately, the reaction conditions in 

the hydrotreatment stages can be conditions suitable for improving the JFTOT 



WO 2014/085009 
	

PCT/US2013/067197 

- 13 - 

breakpoint temperature for a sample independent of or as a complement to any 

reduction in the sulfur content. The reaction conditions can include an LHSV of 

0.1 to 20.0 hr-1, a hydrogen partial pressure from about 50 psig (0.34 MPag) to 

about 3000 psig (20.7 MPag), a treat gas containing at least about 50% 

hydrogen, and a temperature of from about 400°F (204°C) to about 800°F 

(427°C). Preferably, the reaction conditions include an LHSV of from about 0.3 

to about 5 hr-1, a hydrogen partial pressure from about 100 psig (0.69 MPag) to 

about 1000 psig (6.9 MPag), and a temperature of from about 450°F (232°C) to 

about 600°F (316°C). 	Preferably, the hydrotreatment conditions selected for 

treating a potential jet fuel fraction are selected to be sufficiently severe to 

satisfy 	desired 	specifications 	without 	over-processing 	the 	fraction. 

Hydroprocessing a potential jet fuel fraction beyond the minimum amount 

necessary to meet a specification will typically still result a product the meets 

desired specifications, but in a lower yield. 

[0029] 	Optionally, a hydrotreatment reactor can be used that operates at a 

relatively low total pressure values, such as total pressures less than about 800 

psig (5.5 MPag). 	For example, the pressure in a stage in the hydrotreatment 

reactor can be at least about 200 psig (1.4 MPag), or at least about 300 psig (2.1 

MPag), or at least about 400 psig (2.8 MPag), or at least about 450 psig (3.1 

MPag). The pressure in a stage in the hydrotreatment reactor can be about 700 

psig (4.8 MPag) or less, or about 650 psig (4.5 MPag) or less, or about 600 psig 

(4.1 MPa) or less. 

[0030] 	The 	catalyst in a hydrotreatment 	stage 	can be 	a conventional 

hydrotreating catalyst, such as a catalyst composed of a Group VIB metal 

(Group 6 of IUPAC periodic table) and/or a Group VIII metal (Groups 8 — 10 of 

IUPAC periodic table) on a support. 	Suitable metals include cobalt, nickel, 

molybdenum, tungsten, or combinations thereof. 	Preferred combinations of 
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metals include nickel and molybdenum or nickel, cobalt, and molybdenum. 

Suitable supports include silica, silica-alumina, alumina, and titania. 

[0031] 	In 	an 	embodiment, 	the 	amount 	of treat gas 	delivered to 	the 

hydrotreatment stage can be based on the consumption of hydrogen in the stage. 

The treat gas rate for a hydrotreatment stage can be from about two to about five 

times the amount of hydrogen consumed per barrel of fresh feed in the stage. A 

typical hydrotreatment stage can consume from about 50 SCF/B (8.4 m3/m3) to 

about 1000 SCF/B (168.5 m3/m3) of hydrogen, depending on various factors 

including the nature of the feed being hydrotreated. Thus, the treat gas rate can 

be from about 100 SCF/B (16.9 m3/m3) to about 5000 SCF/B (842 m3/m3). 

Preferably, the treat gas rate can be from about four to about five time the 

amount of hydrogen consumed. Note that the above treat gas rates refer to the 

rate of hydrogen flow. If hydrogen is delivered as part of a gas stream having 

less than 100% hydrogen, the treat gas rate for the overall gas stream can be 

proportionally higher. 

Characterization of Kerosene Samples with FTICR 

[0032] 	Kerosene or jet fuel boiling range samples can be characterized using 

a variety of techniques. As noted above, breakpoint and/or breakpoint stability 

can be measured for a kerosene or jet fuel fraction using appropriate ASTM 

methods. 	Compositional analysis can also be performed, such as analysis to 

determine the sulfur content, nitrogen content, and API gravity (and/or aromatics 

content) of a sample. 

[0033] 	FTICR can be used to complement the information derived from the 

above characterization techniques. 	Briefly, FTICR is a particular type of mass 

spectrometry that allows for detailed resolution of the composition of a sample. 

Unlike many types of mass spectrometry, an ion cyclotron resonance mass 
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spectrometer does not detect species based on collisions with a detector. Instead, 

after forming ions from the species in a sample, the ions are trapped within the 

magnetic field, resulting in a cyclotron as the ions traverse an (approximately) 

circular path within the magnetic field. The speed of each ion varies depending 

on the mass at a given energy. 	This speed differences allows the electric field 

generated by different ions traveling in the magnetic field to be detected and 

distinguished. 	This 	time-domain electric 	signal is 	converted by Fourier 

transform into frequency-domain signals that correspond to the different types of 

ions in the magnetic field. 	This allows for detailed differentiation between the 

compounds within a sample. 

[0034] 	FIG. 1 shows an example of the types of compositional details that can 

be identified using FTICR mass spectrometry. 	FIG. 1 shows output data from 

performing FTICR on a kerosene boiling range sample. 	In FIG. 1, several 

different types of axes are shown. 	Each row in FIG. 1 corresponds to a 

compositional class of compounds categorized based on the number and type of 

heteroatoms, such as 1 nitrogen (top row) or 2 nitrogens, an oxygen, and a 

sodium (bottom row). 	Each column in FIG. 1 corresponds to the kerosene 

sample after various amounts of hydrotreating. The first column corresponds to 

a raw kerosene cut before hydroprocessing. The unprocessed kerosene fraction 

has a nitrogen content of 28. 	As the columns move to the right, the columns 

show the same type of kerosene cut after successively larger amounts of 

hydrotreatment. 	As a result, the amount of total nitrogen in the kerosene cuts 

decreases moving to the right in the table. 

[0035] 	Each box also has an individual horizontal and vertical axis. 	The 

horizontal axis for each individual box corresponds to the Z class of the 

molecules in the box. The vertical axis within each box represents the molecular 

weight of the compounds within the box. 	Optionally, a signal intensity within 
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the box can be used to represent the number of compounds for a given 

combination of Z class and molecular weight. 

[0036] 	As shown in FIG. 1, the compositional data available from FTICR 

provides an opportunity to characterize compounds within a kerosene fraction at 

a wide range of granularities, including characterization of compounds as 

individual compounds or as a member of various types of compositional classes. 

In particular, the amounts of each type of impurity molecule, such as species 

containing nitrogen, sulfur, oxygen, and or sodium, can be characterized. 	The 

characterization can further include grouping of compounds based on molecular 

weight, such as by molecular weight within a compositional class. 

[0037] 	The detailed compositional information generated using FTICR can be 

used to build a model that correlates the detailed compositional information with 

measured thermal breakpoint and breakpoint stability values. As an initial step 

in building a model, the sulfur, nitrogen, API (or aromatics), and optionally other 

physical properties of kerosene sample can be obtained, along with thermal 

breakpoint and/or breakpoint stability values for the sample. 	The sample can 

also be characterized using FTICR, to obtain detailed compositional information 

as shown in FIG. 1. 	It is noted that the FTICR data will preferably include 

information beyond the common types of physical properties that can be readily 

obtained in a refinery setting. For example, the physical properties may include 

only the sulfur, nitrogen, and API (or aromatics) contents for a sample. 	These 

physical property values represent bulk values for the sample, and do not 

provide further insight about how functional groups are arranged within 

compounds in the sample. 	By contrast, the FTICR data can expand both the 

types of atoms that are characterized and the amount of detail available for the 

characterized atoms. For example, the results from an FTICR analysis can also 

include information about the presence of sodium and oxygen. Additionally, the 

FTICR data can provide more detailed information about how nitrogen, sulfur, 
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aromatics, sodium and/or oxygen are distributed in the various compounds 

within a sample. This initial step can be repeated for a plurality of samples. The 

samples can include raw or virgin kerosene samples as well as kerosene samples 

after some amount of hydrotreatment. 	Preferably at least some of the samples 

are related in the sense of being derived from the same kerosene source but 

differing based on the amount of hydrotreatment the sample has been exposed 

to. 	By obtaining a plurality of samples, a library can be accumulated of 

reference samples. 

[0038] 	Optionally but preferably, at least a portion of the reference samples 

can also include information about whether an aged version of the sample 

satisfies the specifications in ASTM D1655 for breakpoint stability. If sufficient 

information about aged samples is present, the model can be used to predict 

hydroprocessing conditions that allow hydroprocessed sample to satisfy both the 

thermal breakpoint and breakpoint stability requirements. 

[0039] 	The total nitrogen and thermal breakpoint values shown in FIG. 1 

provide an example of the difficulties associated with building a model for 

predicting 	breakpoint 	values 	without 	having 	the 	detailed 	compositional 

information provided by FTICR. As shown in FIG. 1, increasing the amount of 

hydrotreatment decreases the amount of nitrogen remaining in a kerosene sample 

in a somewhat regular manner. However, the thermal breakpoint temperature of 

the sample does not increase monotonically with decreasing nitrogen content 

and/or with increasing hydroprocessing time. 	For example, for a kerosene 

sample (1st  column) with an initial nitrogen content of 28 wppm and an initial 

thermal breakpoint of 248°C, an intermediate amount of hydrotreatment (3rd  

column) results in a breakpoint temperature of 293°C and a nitrogen content of 

11 wppm. Further hydrotreatment (4th  column) reduces the nitrogen content to 5 

wppm, but the thermal breakpoint drops to 283°C. 	Still more hydrotreatment 

reduces the nitrogen content to 1 wppm and returns the thermal breakpoint to 
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293°C. 	This 	demonstrates 	that the 	correlation between nitrogen and/or 

hydroprocessing severity is not a simple linear relationship. By using FTICR, 

information at a more detailed level of granularity is available. 	This allows for 

construction of a model based on compositional groups within a sample, and 

therefore also allows components to be included in a model that represent how 

the 	interaction 	of various 	compositional 	groups 	influences 	the 	thermal 

breakpoint for a sample. 

Constructing a Model using Compositional Information 

[0040] 	In various embodiments, one goal is to use a hydroprocessing model 

to predict the hydroprocessing conditions that are needed to achieve a desired 

thermal breakpoint for a kerosene sample. 	Such a hydroprocessing model can 

include a plurality of components. Based on empirical data from prior FTICR 

analysis of kerosene samples (or other techniques for determining detailed 

composition information), the model can include a plurality of components that 

correspond to various compounds that may be present within a kerosene sample. 

As shown in the FTICR example in FIG. 1, compounds containing a nitrogen 

atom and a sulfur atom or other combinations of heteroatoms can be detected. 

This composition information can be used to assign values to the corresponding 

components in a model. The components can represent compounds that contain 

various heteroatoms or other functional groups that can be identified based on 

FTICR data, such as compounds that include one or more nitrogen atoms, sulfur 

atoms, sodium atoms, oxygen atoms, aromatic rings, and/or non-aromatic rings. 

These 	compounds 	can be represented by the 	components 	as 	individual 

compounds, as compositional groups, as groups based on Z class, or in any other 

convenient method. 

[0041] 	The model can be thought of as corresponding to two types of 

relationships between data. A first relationship describes a relationship between 
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thermal breakpoint, physical properties that are readily measured, and FTICR 

data values. This relationship can be described conceptually as 

(1) N + API (or aromatics) + S + FTICR <--> thermal breakpoint 

[0042] 	The above conceptual relationship can be captured in the model by 

using a plurality of components to represent the measured values in various 

ways. 	Some of the components can represent the influence of the physical 

properties on the thermal breakpoint of a sample. 	Other components can 

represent the influence of individual compounds and/or compositional groups on 

thermal breakpoint. Still other components can represent how the interaction of 

compounds and/or compositional groups with each other impacts the thermal 

breakpoint. Coefficients for the various components can be fit so that the model 

matches measured values for reference samples. 	Relationship (1) can also be 

used to predict the components corresponding to FTICR data if the nitrogen, 

API, sulfur, and thermal breakpoint values for a sample are known. 

[0043] 	Based on the empirical data, the model can also include a second type 

of relationship describing how components are modified based on various 

hydroprocessing conditions. A relationship can be determined for how each type 

of individual compound and/or compositional group represented in the model is 

changed during hydroprocessing, and additional components can be added to the 

model to describe this change. The components related to how hydroprocessing 

impacts the compositional groups in the model can be derived from the reference 

library, or this information can be derived from characterization of other samples 

independent of the reference library. 	This second type of relationship can be 

described conceptually as 

(2) N + API + S + FTICR(„t)  + Hydroprocessing Model* 	<--> thermal 

breakpoint -(,roduct) 
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[0044] 	This second relationship can be used to predict the hydroprocessing 

conditions needed to achieve a desired thermal breakpoint. 	Depending on the 

embodiment, a hydroprocessing model can include thousands of components to 

represent the various interactions that occur within a kerosene sample to 

determine 	thermal 	breakpoint, 	and 	to 	further 	capture 	the 	impact 	of 

hydroprocessing on the compounds / compositional groups with a kerosene 

sample. As an example, a suitable model for correlating thermal breakpoint with 

compositional group data and capturing the impact of hydroprocessing on the 

compositional groups can potentially include thousands of components. Such a 

model could include about 500 components or more that represent the detailed 

compositional information that is provided by FTICR for compounds and/or 

compositional groups. 

[0045] 	As noted above, the parameters or coefficients for the components in 

the model can be fit to combinations of measured initial thermal breakpoint 

values, compositional information prior to hydroprocessing, hydroprocessing 

conditions, thermal breakpoint values after hydroprocessing, and compositional 

information after hydroprocessing. 	The combinations of measured values are 

based on the library of measured or characterized reference kerosene samples. 

[0046] 	As an example, several types of characterization can be performed on 

the kerosene 	fractions 	corresponding to 	reference 	samples prior to 	(and 

optionally after) hydrotreatment. 	Some or all of these characterizations can be 

performed 	on 	each 	available 	sample. 	The 	characterizations 	include 

determination of thermal breakpoint according to ASTM 3241 and/or ASTM 

D1655; determination of thermal breakpoint for a sample aged according to 

ASTM D4625 or D2274; determination of total sulfur, nitrogen, and API gravity 

and/or aromatics; and determination of compositional groups based on FTICR. 

For the determination of compositional groups, in this example the compounds 

in a sample are classified based on the following groups: 	1 N (meaning one 
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nitrogen); 2 N; 3 N; 1 0 (oxygen); 2 0; 1 N plus 1 S (sulfur); 1 S plus 1 0; 1 N 

plus 1 0; 1 N plus 2 0; 2 0 plus 1 Na (sodium); 3 0 plus 1 Na; 4 0 plus 1 Na; 

1 S plus 1 0 plus 1 Na; and 1 N plus 2 0 plus 1 Na. 	Other molecules are 

classified in an "other category" but are not directly of interest for the 

construction of the model. 	The components based on compositional groups in 

the model can then be determined based on the amounts of each compositional 

group in the model, cross-terms representing the interaction of two or more 

compositional groups, or any other component that is convenient to define. 	In 

alternative embodiments, one or more other compositional groups could be used 

in place of or in addition to the specified listing above, and/or one or more of the 

above compositional groups could be eliminated to reduce the overall number of 

compositional groups. 	In this example, compositional groups based on a 

particular Z class are not used, but groups based on Z class can be used in place 

of or in addition to other types of compositional groups. 	Still another option is 

to include components that are based on individual compounds, as opposed to 

just using components based on compositional groups and/or Z classes. 

[0047] 	After constructing a hydroprocessing model for a kerosene fraction, 

the model can be used to predict hydroprocessing conditions that are needed to 

achieve a desired final thermal breakpoint value. As described above, the library 

of kerosene samples includes a plurality of samples with measured sulfur, 

nitrogen, API, thermal breakpoint values, and FTICR compositional data. 

Optionally, the FTICR compositional data can already be converted to be in the 

form of the components for the model. Alternatively, the FTICR compositional 

data can be in a raw form, and then used to construct component values after 

assignment of FTICR values to a new reference compound. 	Optionally but 

preferably, the plurality of samples can also include breakpoint stability values. 

This library can be used as a series of reference points. 
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[0048] 	When a prediction of the amount of hydroprocessing for a kerosene 

sample is desired, physical properties (such as sulfur, nitrogen, and API gravity) 

can be obtained for the new sample along with a thermal breakpoint and/or 

breakpoint stability. These measured properties can then be compared with the 

reference samples in the library. If the measured properties for the new sample 

match the properties for a reference sample, the FTICR compositional data / 

components for the reference sample can be assigned to the new sample. If there 

is not a sufficiently close match, FTICR values can be assigned to the new 

sample based on some type of average of the properties of reference samples that 

have similar properties to the new sample. For example, a group of two or more 

nearest neighbor reference samples can be identified. Reference samples can be 

identified as nearest neighbors based on a similarity of the thermal breakpoint, 

sulfur content, nitrogen content, aromatics content, and/or API gravity of a 

reference sample as compared to the corresponding measured values for the new 

sample. 	Any convenient threshold value can be used for determining that a 

value for a reference sample is similar to a value for the new sample. 	For 

example, a threshold can be based on a percentage of the value for the new 

sample, so that a reference sample with a value that differs by less than 5%, such 

as by less than 2%, is considered a nearest neighbor. 	Optionally, a reference 

sample can be required to have at least two values that fall within the threshold 

in order to qualify as a nearest neighbor for a new sample. Optionally, a limited 

number of reference samples can be selected as nearest neighbors based on a 

similarity for any given value. 	For example, the number of reference samples 

identified as nearest neighbors based on thermal breakpoint can be limited to the 

closest two thermal breakpoint values less than the measured value for the new 

sample and the closest two thermal breakpoint values greater than the measured 

value for the new sample. More generally, any convenient method can be used 

to identify reference samples that are sufficiently similar to the new sample 

based on the measured values for the new sample. 
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[0049] 	The nearest neighbor reference sample values can then be combined in 

some type of weighted average or by interpolation to provide a group of 

properties that roughly matches the measured properties for the new sample. 

Preferably, the combination of the reference samples results in a weighted 

average of the thermal breakpoint and the physical properties for the average of 

reference samples that differs from the corresponding measured properties of the 

new sample by less than a tolerance value, such as differing by less than 5% for 

each measured property for the new sample. 	Based on the coefficients of the 

weighted average and/or the interpolation, a corresponding set of compositional 

data / components can be assigned to the new sample. 	Without the reference 

library of samples that have FTICR data to provide compositional information / 

components, this assignment of component values to a new sample would not be 

possible. 

[0050] 	One of the benefits of being able to assign the compositional 

information / component values based on the reference library is that more 

detailed compositional information can be associated with a new sample. 	For 

example, the FTICR compositional data can include information about the 

weight percentage of species containing oxygen or sodium heteroatoms. 

Without the reference library of samples, a simple measurement of sulfur, 

nitrogen, API gravity and/or aromatics, and thermal breakpoint would not 

provide any information about such additional heteroatoms. 	Additionally, the 

FTICR information associated with the new sample provides more detailed 

information about the 	specific 	nature 	of what types 	of species 	contain 

heteroatoms, such as the correlation between heteroatoms and aromatics and/or 

Z class. 

[0051] 	After assigning the compositional values / components corresponding 

to FTICR type data to a new reference compound, the thermal breakpoint value 

does not need to be used during the prediction of the hydroprocessing 



WO 2014/085009 
	

PCT/US2013/067197 

- 24 - 

conditions. 	Instead, the nitrogen content, sulfur content, API gravity (or 

aromatics content), and the assigned component values (optionally calculated 

from 	compositional 	values) 	are 	used 	as 	inputs 	for 	determining 	the 

hydroprocessing conditions that will cause the sample to satisfy a desired 

thermal breakpoint. 	Preferably, the hydrotreating conditions determined from 

the model will also correspond to conditions that produce a kerosene sample 

with a desired breakpoint stability, based on the ability of an aged sample to 

satisfy a thermal breakpoint specification and/or the ability of the aged sample to 

have a thermal breakpoint temperature that is sufficiently similar to the thermal 

breakpoint of the sample prior to aging. 

[0052] 	The scope of the model can be tailored to match the available 

reference samples. One option is to build a model for kerosene fractions derived 

from a single crude source. For example, whole or partial crudes extracted from 

a single mineral source, and that undergo similar pre-processing at an extraction 

site, are typically expected to have similar compositional profiles. 	Thus, 

kerosene fractions derived from a single crude source would also be expected to 

have a similar profile. As a result, it is expected that a model can be constructed 

by acquiring a library of data based on the single crude source. The library can 

include thermal breakpoint information, breakpoint stability information, and 

FTICR compositional data for raw kerosene fractions derived from a crude 

source and corresponding hydrotreated kerosene fractions after various amounts 

of hydrotreatment. Preferably, other data such as total sulfur, total nitrogen, API 

gravity and/or aromatics content, and/or other characterization data can also be 

included. 

Selection of Hydroprocessing Conditions for Kerosene Fractions 

[0053] 	Once a model is constructed, several options are available for using 

the model. For example, after building the model, a new kerosene fraction can 
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be distilled or otherwise separated from a new delivery of the whole or partial 

crude from the identified source. In a laboratory setting, one option would be to 

use FTICR to characterize the new kerosene fraction. 	A thermal breakpoint 

could also be determined. 	Based on the FTICR data, the components 

corresponding to compositional groups could be directly determined. 	The 

amount of hydroprocessing needed to meet a desired breakpoint specification 

can be predicted based on the model. The new kerosene fraction could then be 

hydrotreated according to the conditions calculated from the model. 	By 

selecting hydrotreatment conditions based on the model, the hydrotreating 

conditions can be selected to generate a hydrotreated kerosene product that 

satisfies a desired thermal breakpoint specification while using a minimum 

hydrotreating severity. 	Of course, the thermal breakpoint and/or breakpoint 

stability of the hydrotreated kerosene fraction can be verified by testing 

according to an appropriate ASTM method. 

[0054] 	While the above laboratory setting method is effective, most refineries 

do not currently have access to the equipment necessary for performing FTICR 

characterization of a sample. Thus, it would be preferable to be able to employ 

the model based on values that can be obtained more easily, such as based on 

only an initial thermal breakpoint, a nitrogen content, a sulfur content, and an 

API gravity (and/or aromatics content). 

[0055] 	In situations where measured FTICR data is not available for a new 

sample, the hydroprocessing conditions can be predicted by first using the model 

to select or derive component values for the FTICR type compositional data in 

the model that can be assigned to the new sample. 	As described above, the 

measured thermal breakpoint, nitrogen content, sulfur content, and API gravity 

(and/or aromatics content) can be used to select (and optionally calculate) 

component values for components in the model based on compositional groups 

and/or individual compounds. 	In effect, the thermal breakpoint, nitrogen 
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content, sulfur content, and API gravity are used to select / predict a likely set of 

FTICR data. The FTICR data does not need to correspond to all data that would 

be generated during an FTICR test. Instead, the data can just correspond to the 

compositional group data needed for determining the components in the model. 

This selection or prediction is made by identifying one or more similar reference 

samples in the reference library, and then using some type of interpolation or 

linear combination to match the nearest neighbor samples with the new sample. 

The same interpolation or linear combination is then applied to the component 

values for the nearest neighbor reference sample(s) to derive component values 

for assignment to the new sample. 

[0056] 	After selecting (including deriving) components for the FTICR type 

data in the model to assign to the new sample, the nitrogen content, sulfur 

content, API gravity, 	and assigned components 	are used to predict the 

hydroprocessing conditions to achieve the desired thermal breakpoint. 	The 

initial thermal breakpoint is implicitly included in the selected components, so 

the thermal breakpoint does not need to be included when predicting the 

hydroprocessing conditions. 	The model is then used to predict the type of 

hydroprocessing conditions that are needed to reduce the component values to a 

level so that the component values, sulfur, nitrogen, and API gravity correspond 

to a reference sample (or combination of reference samples) that will satisfy the 

desired thermal breakpoint. 	The predicted hydroprocessing conditions can 

include a hydroprocessing temperature, a hydroprocessing pressure, a length of 

hydroprocessing time (such as space velocity), and/or any other convenient 

conditions. 	If desired, the model can be used in a manner where one or more 

hydroprocessing conditions remain fixed at a default value while the other 

values are selected to achieve a desired thermal breakpoint. 	For example, a 

default pressure and/or a default catalyst activity can be selected, so that 
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determining the hydroprocessing conditions corresponds to selecting a reaction 

temperature and a run length. 

[0057] 	It is noted that this second type of situation is still referred to above as 

using a single, unified model. 	However, whether the model is considered a 

single model, a pair of models, 	or a plurality of models is not critical. 

Regardless of how the model(s) are viewed, the FTICR individual compound 

and/or compositional group data is the factor that allows for prediction of 

thermal breakpoint values for a kerosene sample. 	Thus, even though different 

functional forms may be used in a laboratory versus a refinery setting, the 

description herein will 	refer 	to 	these 	as 	a 	single 	model 	for predicting 

hydrotreatment conditions to produce kerosene with desired thermal breakpoint 

specifications. 

[0058] 	With regard to modeling kerosene fractions to predict hydrotreatment 

conditions, it is preferable to initially construct the model using a database that is 

representative of how the model will be used. Constructing a model for use with 

kerosene fractions from a single crude source is an example of this. 	A model 

constructed based on data from a single crude source should be effective for 

predictions for other kerosene fractions from the same crude source. However, 

limiting the model to a single crude source limits the value of the model, as a 

new model needs to be developed each time a new crude source is considered. 

[0059] 	Expanding the model to incorporate kerosene fractions derived from 

multiple crude sources can greatly expand the value of the model. However, it is 

still desirable to have a model that is commensurate in scope with the types of 

kerosene fractions that the model will be applied to. 	For example, if kerosene 

fractions from only conventional (mineral) fractions are used to construct the 

model, the performance of the model may be questionable when applied to 

kerosene fractions derived from non-traditional sources, such as biological 
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sources or pre-refined crudes. 	This does not mean that a model constructed 

based on conventional kerosene fractions cannot be applied to other types of 

fractions. Rather, if the model is not commensurate in scope with the kerosene 

fractions it is applied to, there may be greater uncertainty about the predicted 

hydrotreating conditions. 

[0060] 	A model that incorporates kerosene fractions based on multiple crude 

sources can be developed in a manner similar to a model for a single crude 

source. For initial construction of the model, kerosene fractions derived from a 

plurality of crude sources are characterized before hydrotreatment and after 

various amounts of hydrotreatment. The kerosene fractions are characterized for 

thermal breakpoint and optionally breakpoint stability. 	The kerosene fractions 

are also characterized using FTICR to identify compositional groups in the 

kerosene fractions, as described above. Additionally, the kerosene fractions are 

characterized for other physical properties, such as sulfur content, nitrogen 

content, aromatics content, and/or API gravity. 

[0061] 	In a first portion of the model, the compositional groups are used in 

combination with the breakpoint and other characterization data to generate a 

model for predicting breakpoint values. A second portion of the model can also 

be created based on a more limited set of observables, such as model based on 

sulfur, nitrogen, aromatics, and initial thermal breakpoint temperature. 	As 

described above, this second model may include non-linear terms and/or terms 

involving multiple compositional variables. 	The model can then be used to 

predict the hydrotreating conditions needed to produce a hydrotreated kerosene 

product that satisfies a desired thermal breakpoint specification. 
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Variations on Compositional Model 	— Model Feedback and Alternative 

Compositional Groups 

[0062] 	As noted above, after initial construction of a model, it is expected 

that predictions of hydrotreating conditions will be based on data other than 

FTICR measurements. 	When hydrotreatment is performed, the hydrotreated 

kerosene can be characterized for thermal breakpoint and basic compositional 

information, such as total sulfur, nitrogen, aromatics, and/or API gravity. As a 

result, additional thermal breakpoint and basic compositional data will be 

generated without corresponding FTICR measurements. 	This additional data 

can be used to provide feedback for the model. 

[0063] 	During use of the model, an initial thermal breakpoint will be 

determined for a kerosene fraction. 	Additionally, at least a sulfur content, 

nitrogen content, and API gravity (and/or aromatics content) will also be 

determined 	for 	the 	kerosene 	fraction. 	After hydrotreatment, 	a thermal 

breakpoint value and the sulfur, nitrogen, API gravity, and/or aromatics can be 

determined for the hydrotreated kerosene. 	This additional information is not 

used to modify the format of the model, but it can be used to update coefficients. 

For example, one or more additional sets of data can be incorporated by 

assigning the additional data sets an appropriate weight relative to the existing 

coefficients for the model. As with determination of an initial fit for coefficients 

for the model, a variety of options are available for updating the model 

coefficients. 

Additional Embodiments 

[0064] 	Embodiment 1. A method for preparing a jet fuel or kerosene product, 

comprising: 	determining a thermal breakpoint and one or more of a sulfur 

content, a nitrogen content, an aromatics content, and an API gravity for a first 
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kerosene fraction; assigning weights for a plurality of compositional groups for 

the first kerosene fraction based on the determined thermal breakpoint and the 

determined one or more of a sulfur content, a nitrogen content, an aromatics 

content, and an API gravity; selecting hydroprocessing conditions for the first 

kerosene 	fraction 	based 	on 	the 	assigned 	weights 	for 	the 	plurality 	of 

compositional groups, the determined one or more of a sulfur content, a nitrogen 

content, an aromatics content, and an API gravity, and a model for correlating a 

thermal breakpoint of a kerosene fraction with a) the one or more of a sulfur 

content, a nitrogen content, an aromatics content, and an API gravity, and b) 

weights for the plurality of compositional groups; and hydroprocessing the first 

kerosene fraction using the selected hydroprocessing conditions, wherein the 

model for correlating a thermal breakpoint of a kerosene fraction with a) the one 

or more of a sulfur content, a nitrogen content, an aromatics content, and an API 

gravity, and b) weights for the plurality of compositional groups is constructed 

based on measured thermal breakpoints for a plurality of kerosene fractions, 

measured values for the one or more of a sulfur content, a nitrogen content, an 

aromatics content, and an API gravity for the plurality of kerosene fractions, and 

weights for the plurality of compositional groups for the plurality of kerosene 

fractions. 

[0065] 	Embodiment 2. 	The method of Embodiment 1, further comprising: 

measuring the thermal breakpoint for the plurality of kerosene fractions; 

measuring the one or more of a sulfur content, a nitrogen content, an aromatics 

content, and an API gravity for the plurality of kerosene fractions; analyzing the 

plurality of kerosene 	fractions to determine weights 	for the plurality of 

compositional groups within each kerosene fraction; and constructing the model 

for correlating the thermal breakpoint of a kerosene fraction with a) the one or 

more of a sulfur content, a nitrogen content, an aromatics content, and an API 

gravity, and b) weights for the plurality of compositional groups. 
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[0066] 	Embodiment 3. The method of Embodiment 2, wherein the weights 

for the plurality of compositional groups for the plurality of kerosene fractions 

are 	determined 	using 	Fourier 	transform 	ion 	cyclotron 	resonance 	mass 

spectrometry. 

[0067] 	Embodiment 4. 	The method of Embodiment 2 or Embodiment 3, 

wherein the plurality of kerosene fractions are derived from a single oil source. 

[0068] 	Embodiment 5. The method of any of Embodiments 2 to 4, wherein 

one or more of the plurality of kerosene fractions are derived from a biological 

source, a pre-refined crude oil source, or an oil source that has been exposed to a 

cracking process. 

[0069] 	Embodiment 6. The method of any of Embodiments 2 to 5, wherein 

one or more kerosene fractions in the plurality of kerosene fractions are 

hydrotreated kerosene fractions. 

[0070] 	Embodiment 7. The method of Embodiment 6, wherein a plurality of 

the one or more hydrotreated kerosene fractions are related to at least one other 

kerosene fraction in the plurality of kerosene fraction based on being derived 

from the same oil source. 

[0071] 	Embodiment 8. The method of any of Embodiments 2 to 7, wherein 

one or more kerosene fractions in the plurality of kerosene fractions comprise 

aged kerosene fractions. 

[0072] 	Embodiment 9. The method of any of Embodiments 2 to 8, wherein 

measuring one or more of a sulfur content, a nitrogen content, an aromatics 

content, and an API gravity for the plurality of kerosene fractions comprises 

measuring a sulfur content, a nitrogen content, and an API gravity. 
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[0073] 	Embodiment 10. The method of any of Embodiments 2 to 9, further 

comprising: 	measuring a thermal breakpoint for the hydroprocessed first 

kerosene fraction; measuring the one or more of a sulfur content, a nitrogen 

content, an aromatics content, and an API gravity for the hydroprocessed first 

kerosene fraction; and updating the constructed model by incorporating the first 

kerosene fraction and the hydroprocessed first kerosene fraction into the 

plurality of kerosene fractions. 

[0074] 	Embodiment 11. 	The method of any of Embodiments 2 to 10, 

wherein the weights for the plurality of compositional groups further comprise at 

least one weight for a compound. 

[0075] 	Embodiment 12. 	The method of any of the above embodiments, 

wherein determining or measuring one or more of a sulfur content, a nitrogen 

content, an aromatics content, and an API gravity comprises determining or 

measuring a sulfur content, a nitrogen content, and an API gravity. 

[0076] 	Embodiment 13. 	The method of any of the above embodiments, 

wherein determining a thermal breakpoint further comprises determining a 

breakpoint stability. 

[0077] 	Embodiment 14. 	The method of any of the above embodiments, 

wherein a thermal breakpoint corresponds to a thermal breakpoint determined 

according to ASTM D3241. 

[0078] 	Embodiment 15. 	The method of any of the above embodiments, 

wherein assigning weights for the plurality of compositional groups for the first 

kerosene fraction comprises assigning weights based on the determined thermal 

breakpoint and the determined one or more of a sulfur content, a nitrogen 

content, an aromatics content, and an API gravity. 
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[0079] 	Embodiment 16. The method of Embodiment 15, wherein assigning 

weights based on the determined thermal breakpoint and the determined one or 

more of a sulfur content, a nitrogen content, an aromatics content, and an API 

gravity comprises: identifying one or more kerosene fractions in the plurality of 

kerosene fractions that have at least one value for a thermal breakpoint, a sulfur 

content, a nitrogen content, an aromatics content, or an API gravity that differs 

from the corresponding value for the first kerosene fraction by less than a 

threshold value; determining a weighted average of the one or more identified 

kerosene fractions, the determined weighted average having weighted average 

values for a thermal breakpoint and for the at least one of a sulfur content, a 

nitrogen content an aromatics content, and an API gravity to within a tolerance 

value; and calculating weights for the plurality of compositional groups for the 

first kerosene fraction based on compositional group weights for the determined 

weighted average of the one or more identified kerosene fractions. 

[0080] 	Embodiment 17. 	The method of any of the above embodiments, 

wherein assigning weights for the plurality of compositional groups for the first 

kerosene fraction comprises analyzing the first kerosene fraction to determine 

weights for the plurality of compositional groups. 

[0081] 	Embodiment 18. 	The method of any of the above embodiments, 

wherein a kerosene fraction comprises a fraction with an initial boiling point of 

least about 284°F (140°C) and a final boiling point of less than about 572°F 

(300°C). 

[0082] 	Embodiment 19. 	The method of any of the above embodiments, 

wherein a compositional group in the plurality of compositional groups is 

defined based on at least one of a number and type of heteroatoms in a 

compound, a Z class for a compound, and a molecular weight for a compound. 
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[0083] 	Embodiment 20. 	The method of Embodiment 19, wherein each 

compositional group in the plurality of compositional groups is defined based on 

at least two of a number and type of heteroatoms in a compound, a Z class for a 

compound, and a molecular weight for a compound. 



WO 2014/085009 	 PCT/US2013/067197 

- 35 - 

CLAIMS: 

1. 	A method for preparing a jet fuel or kerosene product, comprising: 

measuring a thermal breakpoint for a plurality of kerosene fractions; 

measuring one or more of a sulfur content, a nitrogen content, an 

aromatics content, and an API gravity for the plurality of kerosene fractions; 

analyzing the plurality of kerosene fractions, using Fourier transform 

ion cyclotron resonance mass spectrometry, to determine weights for the plurality 

of compositional groups within each kerosene fraction; 

constructing a model for correlating a thermal breakpoint of a 

kerosene fraction with a) the one or more of a sulfur content, a nitrogen content, 

an aromatics content, and an API gravity for a kerosene fraction, and b) weights 

for a plurality of compositional groups in a kerosene fraction, the model being 

constructed based on the measured thermal breakpoints for the plurality of 

kerosene fractions, the measured values for the one or more of a sulfur content, a 

nitrogen content, an aromatics content, and an API gravity for the plurality of 

kerosene fractions, and the determined weights for the plurality of compositional 

groups for the plurality of kerosene fractions; 

determining, for a first kerosene fraction, a thermal breakpoint and the 

one or more of a sulfur content, a nitrogen content, an aromatics content, and an 

API gravity; 

assigning weights for a plurality of compositional groups for the first 

kerosene fraction based on the determined thermal breakpoint and the determined 

one or more of a sulfur content, a nitrogen content, an aromatics content, and an 

API gravity; 
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selecting hydroprocessing conditions for the first kerosene fraction 

based on the assigned weights for the plurality of compositional groups, the 

determined one or more of a sulfur content, a nitrogen content, an aromatics 

content, and an API gravity, and the constructed model; and 

hydroprocessing 	the 	first 	kerosene 	fraction 	using 	the 	selected 

hydroprocessing conditions. 

2. 	A method for constructing a model of the thermal breakpoint of a 

kerosene fraction, comprising: 

measuring a thermal breakpoint for the plurality of kerosene fractions; 

measuring one or more of a sulfur content, a nitrogen content, an 

aromatics content, and an API gravity for the plurality of kerosene fractions; 

analyzing the plurality of kerosene fractions, using Fourier transform 

ion cyclotron resonance mass spectrometry, to determine weights for a plurality of 

compositional groups within each kerosene fraction; and 

constructing a model for correlating a thermal breakpoint of a 

kerosene fraction with a) the one or more of a sulfur content, a nitrogen content, 

an aromatics content, and an API gravity for a kerosene fraction, and b) weights 

for a plurality of compositional groups in a kerosene fraction, the model being 

constructed based on the measured thermal breakpoints for the plurality of 

kerosene fractions, the measured values for the one or more of a sulfur content, a 

nitrogen content, an aromatics content, and an API gravity for the plurality of 

kerosene fractions, and the determined weights for the plurality of compositional 

groups for the plurality of kerosene fractions. 
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3. The method of claims 1 or 2, wherein the plurality of kerosene 

fractions are derived from a single oil source. 

4. The method of any of the above claims, wherein one or more of the 

plurality of kerosene fractions are derived from a biological source, a pre-refined 

crude oil source, or an oil source that has been exposed to a cracking process, or 

wherein one or more kerosene fractions in the plurality of kerosene fractions 

comprise aged kerosene fractions, or a combination thereof 

5. The method of any of the above claims, wherein one or more 

kerosene fractions in the plurality of kerosene fractions are hydrotreated kerosene 

fractions, a plurality of the one or more hydrotreated kerosene fractions preferably 

being related to at least one other kerosene fraction in the plurality of kerosene 

fraction based on being derived from the same oil source. 

6. The method of any of the above claims, wherein measuring one or 

more of a sulfur content, a nitrogen content, an aromatics content, and an API 

gravity for the plurality of kerosene fractions comprises measuring a sulfur 

content, a nitrogen content, and an API gravity. 

7. The method of any of the above claims, further comprising: 

measuring a thermal breakpoint for the hydroprocessed first kerosene 

fraction; 

measuring the one or more of a sulfur content, a nitrogen content, an 

aromatics content, and an API gravity for the hydroprocessed first kerosene 

fraction; and 
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updating the constructed model by incorporating the first kerosene 

fraction and the hydroprocessed first kerosene fraction into the plurality of 

kerosene fractions. 

8. The method of any of the above claims, wherein the weights for the 

plurality of compositional groups further comprise at least one weight for a 

compound. 

9. The method of any of the above claims, wherein determining one or 

more of a sulfur content, a nitrogen content, an aromatics content, and an API 

gravity for the first kerosene fraction comprises measuring a sulfur content, a 

nitrogen content, and an API gravity. 

10. The method of any of the above claims, wherein determining a 

thermal breakpoint further comprises determining a breakpoint stability. 

11. The method of any of the above claims, wherein a thermal breakpoint 

corresponds to a thermal breakpoint determined according to ASTM D3241. 

12. The method of any of the above claims, wherein assigning weights for 

the plurality of compositional groups for the first kerosene fraction comprises 

assigning weights based on the determined thermal breakpoint and the determined 

one or more of a sulfur content, a nitrogen content, an aromatics content, and an 

API gravity, wherein such assigning of weights comprises: 

identifying one or more kerosene fractions in the plurality of kerosene 

fractions that have at least one value for a thermal breakpoint, a sulfur content, a 

nitrogen content, an aromatics content, or an API gravity that differs from the 

corresponding value for the first kerosene fraction by less than a threshold value; 
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determining a weighted average of the one or more identified 

kerosene fractions, the determined weighted average having weighted average 

values for a thermal breakpoint and for the at least one of a sulfur content, a 

nitrogen content an aromatics content, and an API gravity to within a tolerance 

value; and 

calculating weights for the plurality of compositional groups for the 

first kerosene fraction based on compositional group weights for the determined 

weighted average of the one or more identified kerosene fractions. 

13. The method of any of the above claims, wherein assigning weights for 

the plurality of compositional groups for the first kerosene fraction comprises 

analyzing the first kerosene fraction to determine weights for the plurality of 

compositional groups. 

14. The method of any of the above claims, wherein a kerosene fraction 

comprises a fraction with an initial boiling point of least about 284°F (140°C) and 

a final boiling point of less than about 572°F (300°C). 

15. The method of any of the above claims, wherein a compositional 

group in the plurality of compositional groups is defined based on at least one of, 

and preferably at least two of, a number and type of heteroatoms in a compound, a 

Z class for a compound, and a molecular weight for a compound. 


