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A PROCESS FOR DETERMINING THE DISTILLATION
CHARACTERISTICS OF A LIQUID PETROLEUM PRODUCT
CONTAINING AN AZEOTROPIC MIXTURE

Backeround of the Invention

This application claims benefit of provisional application Serial # 61/055,284
filed May 22, 2008, which is incorporated herein by reference in its entirety.

This invention relates to a process for determining the distillation
characteristics of a liquid petroleum product that contains an azeotropic mixture of an
oxygenated or nitrogen containing component and at least one petroleum blending

component.

Distillation and Reid vapor pressure properties of gasoline and diesel fuel oil
influence their performance such as cold start, warm-up, and deposit forming
tendency, and their emissions such as evaporative and engine-out exhaust. In fact
these volatility characteristics are subjects of regulation by both the United States
Environmental Protection Agency and the states that require ASTM D4814 gasoline
standard and/or ASTM D975 diesel standard. In order to produce gasoline and diesel
fuel oil with the most economic blend in view of a refinery’s operating constraints
refiners make use of models to predict the properties of the resulting final blends
based upon the properties of the available blending stocks. Therefore a model that
accurately predicts the properties of a blend is an important tool. In particular, models
for predicting distillation characteristics are important because the gasoline distillation
points T10, T50 and TS0 and the diesel fuel oil distillation point T90 have

specifications depending on the season and geographic location.

For conventional gasoline and diesel fuel, the blending model can be relatively
straightforward because the hydrocarbon blending stocks behave nearly ideally, and
their mixture’s vapor pressure follows Raouts” Law or does so with minor
modifications. However, the vapor pressure of oxygenated fuels, particularly alcohols
such as ethanol, propanol and butanols, and esters, ketones, ethers, ester alcohols,

keto-alcohols, ether alcohols, aldehydes, ether aldehydes, aldehyde alcohols, etc., are
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non-ideal, and therefore the blend models for such oxygenated fuels are not simple.
Nitrogen containing compounds such as amines, amides, nitriles, nitro esters, etc. are
also known to form non-ideal mixtures with hydrocarbons and therefore their blend
models are not simple. It would be highly desirable to develop a blending model for
accurately predicting the distillation characteristics for petroleum products that

contain azeotropic mixtures.

Summary of the Invention

The present invention is a process for determining the distillation
characteristics of a liquid petroleum product that contains an azeotropic mixture of an
oxygenated or nitrogen containing component and at least one petroleum blending
component, comprising: (a) determining the mathematical relationship between the
boiling points of hydrocarbons between specified minimum and maximum
hydrocarbon boiling temperatures and the concentration of each such hydrocarbon in
its binary azeotrope with the oxygenated or nitrogen containing component (b)
determining the mathematical relationship between the boiling points of the aforesaid
hydrocarbons and the boiling points of such binary azeotropes between the aforesaid
minimum and maximum hydrocarbon boiling temperatures; (c¢) dividing the boiling
point curve of the combined at least one petroleum blending component between the
aforesaid minimum and maximum hydrocarbon boiling points into narrow volume
percent distillate fractions to thereby provide a defined distillation temperature for
each such volume percent distillate fraction; (d) for each aforesaid volume percent
distillate fraction from step (c¢), (i) from the relationship from step (a), determining the
total concentration of hydrocarbons in the distillate fraction; (i} from the total
concentration of hydrocarbons from step (d)(i) and starting from the lowest aforesaid
volume percent distillate fraction, determining the amounts of the aforesaid azeotropic
mixture and of the oxygenated or nitrogen containing component in the distiliate
fraction for each such volume percent distillate fraction; and (iii) from the relationship
from step (b), determining the boiling point of the aforesaid azeotropic mixture that
corresponds to each such volume percent distillate fraction; and (e) for each aforesaid
volume percent distillate fraction correlating the amount of the azeotropic mixture in

the distillate fraction from step (d)(ii) with the boiling point from step (d)(iii), and
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combining such correlations to thereby determine the distillation characteristics of the

aforesaid liquid petroleum product.

Detailed Description of the Preferred Embodiments

Gasolines and diesel fuel oils are well known in the art and generally contain
as a primary component a mixture of hydrocarbons having different boiling points and
typically boiling under atmospheric pressure at temperatures in the range of from
about 79 °F to about 437 °F for gasolines and in the range of from about 360°F to
about 710°F for diesel fuel oils. These ranges are approximate and can vary
depending upon the actual mixture of hydrocarbon molecules present, the additives or
other compounds present (if any), and the environmental conditions. Oxygenated
gasolines and oxygenated diesel fuel oils are blends of either a gasoline blend stock or
a diesel fuel oil blend stock and one or more oxygenates.

While gasoline and diesel fuel containing relatively high levels, for example,
greater than 1%, of nitrogen compounds are not common, bio-derived blending
components containing nitrogen are being produced, such as nitriles derived from
vegetable oils described by Western Biofuels, Inc. as “high energy biodiesel”
(HEBD), http://www.westernbiofuelsine.com/index.html. Future bio-derived
blending components could contain significant amounts of nitrogen because of their
biological origin.. A blend model for these compounds would be advantageous to
cvaluate their impact on blend distillation characteristics.

Gasoline and diesel fuel blend stocks can be produced from a single
component, such as the product from a refinery alkylation unit or other refinery
streams. However, gasoline and diesel fuel blend stocks are more commonly blended
using more than one component. (Gasoline and diesel fuel blend stocks are blended to
meet desired physical and performance characteristics and to meet reguiatory
requirements and may involve a few components, for example three or four, or may
involve many components, for example twelve or more. Gasolines, diesel fuels, and
gasoline and diesel fuel blend stocks optionally may include other chemicals or
additives. For example, additives or other chemicals can be added to adjust properties
of a gasoline or diesel fuel to meet regulatory requirements, add or enhance desirable
properties, reduce undesirable detrimental effects, adjust performance characteristics,

or otherwise modify the characteristics of the gasoline or diesel fuel. Examples of
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such chemicals or additives include detergents, antioxidants, stability enhancers,
demulsifiers, corrosion inhibitors, metal deactivators, hubricity improvers, friction
modifiers, cold flow improvers and others. More than one additive or chemical can be
used. Useful additives and chemicals are described in Colucci et al., U.S. Patent No.
5,782,937, which is incorporated by reference herein. Such additives and chemicals
are also described in Wolf, U.S, Patent No. 6,083,228, Ishida et al., 1J.S. Patent No.
5,755,833, U.S. Patent No. 5,858028, U.S. Patent No. 5,997,592, 6,248,142, U.S.
Patent No. 6,280,488 and U.S. Patent No. 6,277,159, all of which are incorporated by
reference herein. Gasolines, diesel fuels and gasoline or diesel fuel blend stocks may
also contain solvent or carrier solutions which are often used to deliver additives into
a fuel.

Gasoline and diesel fuel blend stocks suitable for use in the method of this
invention are typically blend stocks useable for making gasolines and diesel fuels for
consumption in spark or compression ignition engines or in other engines which
combust gasoline or diesel fuel. Suitable gasoline blend stocks include blend stocks
for gasolines meeting ASTM 4814 and blend stocks for reformulated gasoline.
Suitable gasoline blend stocks also include blend stocks having low a sulfur content
which may be desired to meet regional requirements, for example, having less than
about 150, preferably less than about 100, and more preferably less than about 80
parts per million parts by volume of sulfur. Such suitable gasoline blend stocks also
include blend stocks having low aromatics content which may be desirable to meet
regulatory requirements, for example, having less than about 8000 and preferably less
than about 7000 parts per million parts by volume of benzene, or for example, having
less than about 35 and more preferably less than about 25 volume percent total of all
aromatic species. Suitable diesel fuel blend stocks include blend stocks for diesel
fuels meeting ASTM D975. Suitable diesel fuel blend stocks include light middle
distillate or kerosene, heavy middle distillate, light catalytic cracker cycle oil, coke
still distillate, light and heavy hydrocracker distillates, and hydrotreater distillates.
Also, such diesel fuel oil blend stocks may be blended together as feed to a
hydrosulfurization unit to reduce sulfur level as required by regulations. The product
stream from such a hydrodesulfunization unit can then be used as a suitable diesel fuel

oil component to blend with oxygenate .
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An oxygenate such as ethanol can also be blended with the gasoline or diesel
fuel blending stock at any point within the distribution chain. For example, the one or
more blending stocks and one or more suitable oxygenates can be combined in a
refinery, or the one or more suitable blending stocks can be combined in a refinery
and then transported to a terminal where the one or more suitable oxygenates can be
blended with the gasoline or diesel fuel blend stock.

For the purpose of illustration only, the method of this invention will be
exemplified with gasoline and with an oxygenated component, in particular ethanol.
The first two steps of the method of the present invention involve determining two
mathematical relationships between specified minimum and maximum boiling
temperatures. The specific minimum and maximum boiling temperatures depend on
the identity of the specific oxygenated component involved. The specified minimum
and maximum temperatures for ethanol are 95°F and 280°F, respectively. The first is
the mathematical relationship between the boiling points of the hydrocarbons boiling
between the specified minimum and maximum hydrocarbon boiling temperatures
with the concentration of each such hydrocarbon in its binary azeotrope with an
aforesaid alcohol component, preferably ethanol or one or more isomers of propanol
or butanol or mixtures thercof, and more preferably ethanol. The second is the
mathematical relationship between the boiling points of the aforesaid hydrocarbons
and the boiling points of such binary azeotropes. Such hydrocarbons that form
azeotropes with ethanol are n-pentane, cyclopentane, n-hexane, cyclohexane,
benzene, toluene, and n-octane. The boiling points of such hydrocarbons, the boiling
points of their binary azeotropes with ethanol, both at atmospheric pressure, and their

concentrations in such azeotropes are presented in Table 1.

Table 1
BinaryAreotrope

Hydrocarbon

Boiling Point  Boiling Point Hydrocarbon
Hydrocarbons (°F) °F) Concentration

(Wt%)
n-pentane 96.98 97.07 95

cyclopentane 120.56 129.92 92.5

n-hexane 156.02 137.62 79
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cyclohexane 177.26 148.64 64
benzene 176.18 154.22 68.3
toluene 231.08 170.06 32
n-octane 258.26 170.6 22

The data in Table 1 is used to make the plots shown in Figures 1 and 2. The plot in
Figure 1 is represented by the following Equation 1, where x is the hydrocarbon
boiling point (°F) and ywt is the hydrocarbon concentrate in its binary azeotrope.

ywt = -0.0012x% - 0.0443x + 113.51 Equation 1
with R? for Equation 1 being equal to 0.9877. The total concentration of
hydrocarbons in the azeotrope can be determined from the boiling point of its
hydrocarbon components using Equation 1. The plot in Figure 2 is represented by the
following Equation 2 where x is the hydrocarbon boiling point (°I) and ybp is the
boiling point (°F) of its binary azeotrope.

ybp = -0.0026x* + 1.368x — 9.979 Equation 2

with R? for Equation 2 being equal to 0.9895. The boiling point of the azeotrope can
be determined from the boiling point of its hydrocarbon components using Equation
2.

Next the boiling point curve, for example, as measured by the ASTM D86
method, of the combined petroleum blending component of the liquid petroleum
product is divided between the minimum and maximum temperatures specified in step
a) into narrow volume percent distillate fractions to thereby provide a defined
distillation temperature for each such volume percent distillate fraction. Thus, if
several petroleum blending components are to be combined to make the liquid
petroleum product, it is the boiling point curve of the combined blending components
that is divided in this step. By contrast, if the liquid petroleum product contains only
one petroleum blending component, the boiling point curve of that single blending
component is divided in this step.

The boiling curve may be divided by various methods. A basic procedure is to
use the temperature volume percent distilled data from the ASTM D86 method by
assigning 5 volume percent to the initial boiling point (IBP) temperature; then 10
volume percent to the 10 percent distilled temperature; then 10 volume percent to the

20 percent distilled temperature; and repeating this assignment procedure until the 90
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percent distillation temperature is assigned and finally assigning 5 volume percent to
the final boiling point (FBP) temperature. Thus, the so divided curve is defined by
eleven narrow boiling fractions, nine of 10 volume percent each and two of § volume
percent each, and their corresponding boiling points. This basic procedure can be
modified by making smaller volume percent assignments and assigning appropriate
additional temperatures intermediate to the usual ASTM D86 data by interpolation of
the boiling curve. Other modifications of the basic procedure include using alternate
boiling curve data such as true boiling point (TBP) ASTM D285 or simulated
distillation ASTM D2892. Also, there are well known procedures to convert one type
of data to the other, for example converting ASTM D86 data to TBP data.
Modifications of the basic procedure can be used individually or in combinations to
improve agreement of the predictions and/or facilitate speed of calculation.

Thereafter in the fourth step of the method of this invention, for each of the
aforesaid narrow volume percent distillate fractions in the boiling point curve so
divided in the third step:

In a first substep of this fourth step, the total concentration of hydrocarbons in
the narrow volume percent distillate fraction is determined using the mathematical
relationship determined in the aforesaid first step. Equation 1 is the relationship for
ethanol as shown in Table 1.

In a second substep, from this total concentration of hydrocarbons and starting
from the lowest narrow volume percent distillate fraction, the amounts of the
aforesaid azeotropic mixture and of the alcohol in the distillate fraction are
determined by straightforward calculation. An adjustable parameter may be
employed in this substep to account for any hydrocarbons that do not form azeotropes
with the oxygenate, as evidenced by differences between the observed boiling point
curve and the boiling point curve calculated in the fifth step described below. No
such adjustment was necessary in this exampie.

In a third substep, the boiling point of the aforesaid azeotropic mixture that
corresponds to such narrow volume percent distillate fraction is determined using the
mathematical relationship determined in the aforesaid step 2. Equation 2 is the
relationship for ethanol as shown i Table 1.

In the fifth step, the amount of the azeotropic mixture in the distillate fraction

from the aforesaid second substep of the fourth step is correlated with the boiling
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point {rom the aforesaid third substep of the fourth step for each aforesaid narrow
volume percent distillate fraction, and such correlations are combined to thereby
determine the distillation characteristics of the aforesaid liquid petroleum product.
The proportion of oxygenate to the hydrocarbon blend component limits the amount
of azeotropes that are formed by conservation of mass. Excess oxygenate, if any, is
treated as an additional pure blending component (that is, at its normal boiling point).
Thus, the method of the present invention permits the distillation characteristics of
complex hydrocarbon mixtures of unknown compositions to be predicted accurately
from data for known hydrocarbons.

Distillations illustrating the method of this invention were performed using the
blend stock whose distillation (ASTM DR86) is shown in Table 2 with various amounts
of fuel grade ethanol, which contained 95 volume percent of ethanol and 5 volume

percent of a hydrocarbon denaturant.

Table 2
Hvdrocarbon Blending Component
Volume % Distilled Temperature, °F
Initial Boiling Point 95.9
10 123.3
20 134.6
30 147.8
40 163.2
50 184 .9
60 214.7
70 260.7
80 3227
Q0 348.8
Final Boiling Point 412

Figures 3 through 6 show comparisons between the observed distillations and
the distillation characteristics calculated using the method of this invention. Figures
3, 4, 5, and 6 illustrate distillations of the aforesaid blends containing 10, 20, 40 and
60 volume percent, respectively (E10, E20, E40, E60), of the fuel grade ethanol.
Figures 3 — 6 demonstrate excellent agreement between the observed distillation
results and the calculated distillation characteristics. For the blends containing the
lower concentrations of 10 and 20 volume percent of ethanol, the calculated
temperatures match the observed azeotrope boiling temperatures, while for the blends

containing the higher concentrations of 40 and 60 volume percent of ethanol
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demonstrate the ethanol boiling at both its azeotrope temperatures and its normal
boiling point(173°F) because no more hydrocarbon is available to form azeotropes.
The largest deviations between the observed and calculated boiling temperatures are
at the steep change in the curve where experimental variability is the highest.

In these examples, the hydrocarbon blending component distillation curve
was characterized by its ASTM D86 data. As stated hereinabove, it 1s well known to
those skilled in the art that other distillation characterizations, such as “true boiling
point” (TBP, like ASTM D285) and simulated distillation (ASTM D2892) can be
used to advantage when calculating distillation properties of a final mixture from the
distillation properties of its constituent components. In addition, the well known
mathematical method of splines can be used to obtain smooth curves for either the
division of a curve into narrow components or the combination of a collection of
narrow components into a composite curve.

It will be appreciated by those skilled in the art that, while the present
invention has been described herein by reference to particular methods, materials, and
specific examples, the scope of the present invention is not limited thereby, and
extends to all other means, methods and materials suitable for practice of the present

invention.
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Having described the invention, what is claimed is:
1. A process for determining the distillation characteristics of a liquid petroleum
product that contains an azeotropic mixture of an oxygenated or nitrogen containing
component and at least one petroleum blending component, comprising:
(a) determining the mathematical relationship between the boiling points of
hydrocarbons between specified minimum and maximum hydrocarbon boiling
temperatures and the concentration of each such hydrocarbon in its binary
azeotrope with the oxygenated or nitrogen containing component;
(b) determining the mathematical relationship between the boiling points of
the aforesaid hydrocarbons and the boiling points of such binary azeotropes
between the aforesaid minimum and maximum boiling temperatures;
(c) dividing the boiling curve of the combined at least one petroleum
blending component between the aforesaid minimum and maximum
temperatures into narrow volume percent distillate fractions to thereby provide
a defined distillation temperature for each such volume percent distillate
fraction;
(d) for each aforesaid volume percent distillate fraction from step (c)

(i) from the relationship from step (a), determining the total
concentration of hydrocarbons in the distillate fraction;

(ii) from the total concentration of hydrocarbons from step (d)(i)
and starting from the lowest boiling point aforesaid volume
percent distillate fraction, determining the amounts of the
aforesaid azeotropic mixture and of the oxygenated or nitrogen
containing component in each such volume percent distillate
fraction and

(1)  from the relationship from step (b), determining the boiling
point of the aforesaid azeotropic mixture that corresponds to
each such volume percent; and

(e) correlating for each aforesaid volume percent distillate fraction the
amount of the azeotropic mixture in the distillate fraction from step (d)(ii) with
the boiling point from step (d)(iii), and combining such correlations to thereby
determine the distillation characteristics of the aforesaid liquid petroleum

product.
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2. The process of Claim 1 wherein the oxygenated component is an alcohol,
ester, ketone, ether, ester alcohol, keto-alcohol, ether alcohol, aldehyde, ether

aldehyde, or aldehyde alcohol.

3. The process of Claim 2 wherein the oxygenated component is at least one
alcohol.

4. The process of Claim 3 wherein the oxygenated component is ethanol.

5. The process of Claim 4 wherein the aforesaid oxygenate is ethanol and

specified minimum and maximum hydrocarbon component boiling temperatures are
95°F and 280°F, respectively.

6. The method of Claim 3 wherein the oxygenated component comprises at least
one of ethanol, an isomer of propanol or an isomer of butanol.

7. The process of Claim 1 wherein the liquid petroleum product 1s a gasoline.

8. The process of Claim 2 wherein the oxygenated component is a mixture of one
Or more oxygenates.

9. The process of Claim 8 wherein the oxygenated component is a mixture of one
or more alcohols.

10. The process of Claim 1 wherein the nitrogen containing component is an amine,
amide, nitrile, nitro ester, nitrate ester, nitrite ester, cyclic nitrogen compound, amino
alcohol, ether amine, or poly amine.

11. The process of Claim 10 wherein the nitrogen containing component is a mixture
of one or more nitrogen containing components.

12. The process of Claim 1 wherein the nitrogen containing component is a mixture
of one or more nitrogen containing components and one or more oxygenated

components.
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