
US 2003OO19791A1 

(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2003/0019791A1 

Austin (43) Pub. Date: Jan. 30, 2003 

(54) METHOD TO UPGRADE HYDROCARBON Publication Classification 
MIXTURES 

(51) Int. Cl." ..................................................... C10G 15/08 
(75) Inventor: Douglas P. Austin, Salt Lake City, UT (52) U.S. Cl. ...................................... 208/106; 204/157.15 

(US) 
Correspondence Address: (57) ABSTRACT 
M. Wayne Western 
THORPE NORTH & WESTERN, L.L.P. 
P.O. Box 1219 
Sandy, UT 84091-1219 (US) 

A method of upgrading hydrocarbon mixtures without the 
need of additives, catalysts or heating using ultrasonic 
cavitation. UltraSonic energy is provided at a rate Sufficient 
to induce cavitation in the hydrocarbon mixture. The high 

(73) Assignee: Petronetics, LLC. temperatures and high pressures resulting from cavitation 
cause cracking of a portion of the hydrocarbons in the 

(21) Appl. No.: 10/174,303 mixture thereby creating lighter hydrocarbons in the diesel 
range or lighter for recovery via more traditional Separation 

(22) Filed: Jun. 17, 2002 technologies, Such as distillation. The resulting upgraded 
Related U.S. Application Data petroleum product exhibits lower distillation curves and 

decreased pollution causing components. Further, a wide 
(60) Provisional application No. 60/299,107, filed on Jun. variety of feedstocks can be treated according to the method 

18, 2001. of this invention. 

  



Patent Application Publication Jan. 30, 2003 Sheet 1 of 3 US 2003/0019791 A1 

Select 
Hydrocarbon Mixture ) N/N 102 

Treat 
Hydrocarbon Mixture 

with Cavitational Energy 

u 
Treated 

Hydrocarbon Mixture)- 10 

F.G. 1 

Treatment Y 108 N 
O Complete? 

Recover 
Treated Mixture 

  

  

  

  

  

  

    

  

  

  

      

  

  

  

  



Patent Application Publication Jan. 30, 2003 Sheet 2 of 3 US 2003/0019791 A1 

g 

  



Patent Application Publication Jan. 30, 2003 Sheet 3 of 3 US 2003/0019791 A1 

206 

y 302 
308 

FIG. 3 



US 2003/OO19791 A1 

METHOD TO UPGRADE HYDROCARBON 
MIXTURES 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application claims the benefit of U.S. appli 
cation Ser. No. 60/299,107, filed Jun. 18, 2001. 

BACKGROUND OF THE INVENTION 

0002) 1. Field of the Invention This invention relates to 
petroleum mixtures, and, more Specifically, to hydrocarbon 
mixtures and a cavitational method for Separating various 
hydrocarbon fractions from the same. 
0003 2. Related Art 
0004. The commercial and household products that are 
derived from crude oil are almost too numerous to mention. 
Petroleum products are used in the manufacture of goods 
utilized in residential and commercial construction, automo 
biles, fibers for clothing, holiday decorations, food process 
ing and packaging, medical devices, and the Synthesis of 
pharmaceuticals. The route from crude oil to Sweaters, CD's, 
car bumpers, roofing shingles, etc., is a long one involving 
refining and reforming. The products which can be derived 
from an average barrel of crude oil, which contains 42 
gallons, include gasoline to power our vehicles, kerosene 
used as a jet fuel and used around the World for cooking and 
Space heating; liquefied petroleum gas (LPG) used as fuel 
and as an intermediate material in the manufacture of 
petrochemicals; diesel fuels and domestic heating oils; 
residual fuels or combinations of residual and distillate fuels 
for heating and processing, coke used as briquets, asphalt 
used for roads and roofing materials, Solvents Such as 
benzene, toluene, and Xylene; petrochemical feedstockS 
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used in the production of plastics, Synthetic fibers, Synthetic 
rubbers, and other products, and lubricating oil base StockS 
Such as motor oils, industrial greases, lubricants, and cutting 
oils. 

0005 High-grade crudes which directly produce large 
amounts of gasoline have the most commercial value. Those 
which need considerable reforming to produce significant 
amounts of gasoline or contain larger than usual amounts of 
metals Such as Vanadium (which poisons or shortens the life 
of the catalysts used in reforming) have the lowest dollar 
value. The average crude, after refining, typically yields an 
approximate product mixture shown below in Table 1. 

TABLE 1. 

Average product mixture of refined crude oil. 

Refinery Product Hydrocarbon Range Percent 

Gasoline Cs-Co 27 
Kerosene C11-C1s 15 
Diesel C11-C1s 11 
Heavy Gas Oil C12-C2s 1O 
Lubricating Oil Co-Cao 2O 
Residuum >Cao 17 

0006 While there are direct markets for the lighter fuels 
(gasoline, kerosene, and diesel), in order to be profitable the 
other components of the crude oil, especially the gas oil and 
residuum, need to be converted into marketable products. 
This is the role of catalytic cracking. Further, about 70% of 
crude oil used in the United States undergoes Some type of 
conversion process. An Overview of common petroleum 
refining processes is shown below in Table 2. 

TABLE 2 

Overview of Petroleum Refining Processes 

Process 
ale Action Method Purpose Feedstock(s) Product(s) 

Fractionation Processes 

Atmospheric Separation. Thermal Separate fractions Desalted crude oil Gas, gas oil, 
distillation distillate, residual 
Vacuum Separation. Thermal Separate w/o Atmospheric Gas oil, lube 

distillation cracking tower residual stock, residual 
Conversion Processes - Decomposition 

Catalytic Alteration Catalytic Upgrade gasoline Gas oil, coke Gasoline, 
cracking distillate petrochemical 

feedstock 
Coking Polymerize Thermal Convert vacuum Residual, heavy Naptha, gas oil, 

residuals oil, tar coke 
Hydro- Hydrogenate Catalytic Covert to oil, Gas oil, cracked Ligher, higher 
cracking lighter HCs residual quality products 
Hydrogen Decompose Thermalf Produce hydrogen Desulfurized gas, Hydrogen, CO, 
Steam cat. O2, steam CO, 

reforming 
Steam Decompose Thermal Crack large Atm. tower heavy Cracked naptha, 

cracking molecules fuel? distillate coke, residual 
Visbreaking Decompose Thermal Reduce viscosity Atmospheric Distillate, tar 

tower residual 
Conversion Processes - Unification 

Alkylation Combining Catalytic Unite olefins & Tower isobutane/ Iso-octane 
amp; isoparaffins circkr olefin (alkylate) 
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TABLE 2-continued 

Overview of Petroleum Refining Processes 

Process 
ale Action Method Purpose Feedstock(s) 

Grease com- Combining Thermal Combine soaps & Lube oil; fatty 
pounding amp; oils acid; alky metal 

Poly- Polymerize Catalytic Unite 2 or more Cracker olefns 
merization olefins 

Conversion Processes - Alteration or Re-arrangement 

Catalyitc. Alteration/de Catalytic Upgrade low- Coker/hydro 
reforming -hydration Octane cracker 

0007. Despite the various processes for converting petro 
leum, the industry still suffers from an inability to efficiently 
convert heavy hydrocarbon fuels into lighter, more valuable 
hydrocarbons. Current methods of catalytic cracking of 
heavy hydrocarbon fuels are expensive, inefficient, and 
require large amounts of capital investment. Current meth 
ods also produce less than desirable results because cracking 
is random and unpredictable. Heavy hydrocarbons contain 
ing high concentrations of trace metals, Such as Vanadium, 
cause fouling of most common catalysts So as to preclude 
catalytic cracking. Further, many vacuum gas oils contain 
lighter fractions which, when catalytically cracked, produce 
excess amounts of gases and undesirable by-products. 
0008. The petroleum industry has explored many 
avenues for reducing these problems. Among these avenues 
is the use of Sonic and ultraSonic energy in a variety of 
applications. Most frequently ultraSonic energy is used in 
conjunction with various carrier agents, Such as Surfactants 
and other emulsifying agents, to cause Scission of carbon 
carbon bonds in various petroleum mixtures. Most methods 
involve the use of an emulsifying agent, catalyst, or a 
combination of the two among a variety of processing 
methods. 

0009 Crude oil is comprised of hydrocarbon fractions of 
varying chain lengths, as Seen in Table 1. The longer chain 
lengths have progressively higher boiling points, and there 
fore the varying chain lengths can be separated out by 
distillation. In a typical oil refinery, crude oil is progressively 
heated and the constituent components are largely vaporized 
according to their boiling points corresponding to the pres 
Sure existing in the column at that point. The various 
components may then be drawn from the column at points 
of differing temperatures and pressures. The heavier frac 
tions recovered, Such as heavy lubricating oils and residu 
ums, generally have significantly leSS commercial value than 
the lighter fractions. 

0010. Other methods involve the use of ultrasound on 
intentionally created oil-in-aqueous phase emulsions in the 
presence of a catalyst. These types of methods crack heavier 
hydrocarbons to produce lighter more valuable products 
with the added expense of creating and controlling the 
emulsion composition, often complex additives, and a cata 
lyst. 

0.011 Therefore, there remains a need in the art for an 
efficient and cost-effective method of upgrading hydrocar 
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Product(s) 
Lubricating 

grease 
High-octane 

naptha, 
petrochemical 

stocks 

High-octane 
reformate 

bon mixtures that does not require additives Such as water or 
other catalysts, does not require the formation of an emul 
Sion, and does not require heating the hydrocarbon mixtures 
prior to or during the upgrading process. 

SUMMARY OF THE INVENTION 

0012. This invention provides an improved method for 
upgrading heavy hydrocarbon fractions. Treatment using the 
method of the present invention can improve the Separability 
of various hydrocarbon fractions from crude oils and other 
hydrocarbon mixtures. By treating hydrocarbon mixtures 
with energy Sufficient to cause cracking of the covalent 
carbon-carbon bonds this invention also has utility for the 
production of more valuable hydrocarbon products from 
what were previously considered very low value heavy 
hydrocarbon mixtures. AS Such, a completely new Source of 
feedstock for the production of valuable petroleum products 
can be made available for use by petroleum refiners to 
expand the range of feedstock currently available. 
0013 The method of the present invention involves 
upgrading a hydrocarbon mixture. The hydrocarbon mixture 
is treated with cavitational energy Sufficient to cause crack 
ing. The various resulting hydrocarbon fractions may then 
be separated using any number of Separation technologies, 
most often distillation. 

0014. In another aspect of the present invention the 
cavitational energy may be provided using ultraSonic, elec 
tromagnetic, propeller, impeller, Venturi methods, or com 
binations thereof. 

0015. An advantage of the method of the present inven 
tion is that a wide variety of hydrocarbon mixtures can be 
used as feedstock. Non-limiting examples include crude oil, 
atmospheric tower refining bottoms, used motor oil, Vacuum 
gas oils, refining residuums, fuel oil, Vacuum tower bottoms, 
residual fuel oils and mixtures of these feedstockS. 

0016. In another more detailed aspect of the present 
invention the hydrocarbon mixture further includes compo 
nents containing nitrogen, chlorine, Sulfur or oxygen. 
0017 Still another more detailed aspect of the present 
invention is to treat heavy hydrocarbon mixtures containing 
predominantly hydrocarbons having a boiling point greater 
than that of diesel. 

0018. In another more detailed aspect of the present 
invention the hydrocarbon mixture is treated at a tempera 
ture between about 300 F. and 500 F. 
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0019. In yet another more detailed aspect of the present 
invention the hydrocarbon mixture is treated in the absence 
of a Substantial aqueous phase or additives. 

0020. In one more detailed embodiment of the invention 
a cup-shaped flow tube is used to direct flow of the hydro 
carbon mixture toward the ultraSonic energy Source and 
accelerate flow to the turbulent flow regime. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0021. The present invention is described with reference 
to the accompanying drawings. In the drawings, like refer 
ence numbers indicate identical or functionally similar ele 
ments. Additionally, the left-most digit(s) of a reference 
number identifies the drawing in which the reference num 
ber first appears. 
0022 FIG. 1 is a block diagram showing the method 
Steps of the process of the present invention for applying 
cavitational energy to treat hydrocarbon mixtures, 
0023 FIG. 2 is a schematic diagram showing a system 
for treating hydrocarbon mixtures according to one embodi 
ment of the present invention; and 
0024 FIG. 3 is a schematic diagram showing one pos 
Sible flow configuration past an ultrasonic energy Source of 
the system shown in FIG. 2. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0025 A. Definitions 
0026. In conjunction with the disclosure herein, the fol 
lowing terms will be used as defined, unless otherwise 
Specified or made clear in the context used. 
0.027 AS used herein, “hydrocarbon fuel”, “hydrocarbon 
mixture' and “hydrocarbon product” are used interchange 
ably and refer to any petroleum or hydrocarbon mixture Such 
as crude oil, used motor oil, Vacuum gas oils, refining 
residuums, cat cracker bottoms, fuel oil, Vacuum tower 
bottoms, atmospheric tower refining bottoms, residual fuel 
oils and mixtures thereof. Frequently, the hydrocarbon prod 
uct has previously undergone more traditional Separation 
and/or distillation processes or is a residual product of other 
processes. Further, many hydrocarbon mixtures of interest 
also contain complex mixtures of heterocyclic and heteroa 
tom hydrocarbon compounds, aromatics, cyclic hydrocar 
bons, trace elements and hydrocarbons having non-carbon 
constituent groups which include but are not limited to 
Sulfur, oxygen, nitrogen and various combinations of these. 
Examples of Such compounds include but are not limited to 
quinolines, pyrrols, cresols, alcohols and phenols. 

0028. As used herein, “heavy hydrocarbon mixture” 
refers to hydrocarbon containing mixtures containing pre 
dominantly components having a boiling point above that of 
the diesel range. 

0029. As used herein, “hydrocarbon fraction” is intended 
to refer generally to a portion of a hydrocarbon mixture 
which, if isolated, exhibits a bounded range of boiling points 
at a given pressure distinct from the remainder of the 
hydrocarbon mixture or other existing hydrocarbon frac 
tions. This definition includes both hydrocarbon fractions 
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which may not actually distill prior to treatment according to 
the present invention and those fractions which distill with 
Out treatment. 

0030 AS used herein, “cavitation” refers to the result of 
Stresses induced in a liquid by the passing of a Sound wave 
through the liquid. A Sound wave consists of compression 
and decompression/rarefaction cycles. These waves may be 
produced by a variety of methods Such as when an alternat 
ing current Voltage is applied to a crystal, the crystal expands 
and contracts in phase with the electric field according to the 
piezoelectric effect, or expansion and contraction of a mag 
netorestrictive alloy. If the preSSure during the decompres 
Sion cycle is low enough, localized areas of vaporized liquid 
form to leave Small bubbles based on the uneven ultrasonic 
excitation of molecules. These cavitation bubbles (similar to 
those Seen arising from the action of a boat propeller on 
water) are at the heart of ultrasonic cavitation or Sonochem 
istry Systems. This Series of Sound wave cycles causes the 
bubbles to grow during a decompression phase, and contract 
or implode during a compression phase. Thus the size, and 
resulting temperatures and pressures upon implosion, of the 
bubbles is related to the frequency and intensity of the sound 
waves. Each one of these imploding bubbles can therefore 
be seen as a microreactor, with temperatures reaching over 
an estimated 5000 C., and pressures of over several hun 
dred atmospheres. Cavitation is therefore the production of 
cavities or bubbles in a fluid using ultrasound followed by an 
implosion of the cavity. 

0031 AS used herein, “cavitational energy” refers to 
energy which is Sufficient to cause cavitation to occur in a 
liquid. The cavitational energy may be provided using 
various methods known to those skilled in the art. 

0032. As used herein, "upgrading” refers to any process 
by which the quality or properties of the hydrocarbon 
mixture is improved and is meant to include both physical 
and chemical changes to composition. Further, upgrading of 
hydrocarbon mixtures according to the present invention 
will involve the chemical change of cracking of a portion of 
the hydrocarbons into Shorter chain lengths. 

0033 AS used herein, the “pour point” of a fluid is the 
lowest temperature at which a fluid is observed to flow, 
when cooled under conditions prescribed by test method 
ASTM D 97. The pour point is 3° C. (5 F) above the 
temperature at which the fluid in a test vessel Shows no 
movement when the container is held horizontally for five 
Seconds. 

0034 B. Method of Separating Fractions from a Hydro 
carbon Mixture 

0035) Referring now to FIG. 1, hydrocarbon mixtures 
102 are selected for treatment to improve their utility and 
value. As shown in FIG. 1, the selected hydrocarbon mix 
tures 102 are then processed via a System for treating with 
cavitational energy 104 which results in an treated hydro 
carbon mixture 106 containing a higher content of distillable 
and more valuable recoverable hydrocarbons. The lighter 
hydrocarbons may then be recycled for further treatment at 
step 108 or recovered and separated at step 110 from the 
heavier hydrocarbons using traditional techniques Such as 
distillation. Although ultrasonic methods offer many benefits 
in providing cavitational energy Such as Space, cost and 
efficiency, other methods of causing cavitation could be used 
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in the method of the present invention. These other methods 
include but are not limited to propellers, impellers, Venturi, 
electromagnetic waves, or any other method Sufficient to 
cause cavitation of the hydrocarbon mixture. 

0.036 The hydrocarbon mixtures 102 may include a 
broad range of hydrocarbon containing mixtures. Non-lim 
iting examples of hydrocarbon mixtures which may benefit 
from application of the present invention are crude oil, 
atmospheric tower refining bottoms, used motor oil, Vacuum 
gas oils, refining residuums, fuel oils, vacuum tower bot 
toms, residual fuel oils, if6 fuel oils and mixtures of these 
hydrocarbons. The significant amounts of heavy hydrocar 
bons in these mixtures decreases both their utility and value 
as commercial products. Traditional processes for cracking 
these heavy hydrocarbon molecules require catalysts, usu 
ally heat, and Suffer from the production of coke, fouling and 
pyrolysis. These hydrocarbon mixtures also often contain 
lighter hydrocarbons that do not distill during traditional 
Separations processes. Further, as mentioned earlier hydro 
carbon mixtures and petroleum products in particular con 
tain a complex mixture of Straight chain hydrocarbons, 
branched and cyclic hydrocarbons, aromatics, heterocyclic 
compounds and often include various non-carbon-contain 
ing constituent groups. It is the presence of these heterocy 
clic and heteroatom compounds that often cause problems in 
traditional refining processes Such as fouling and discoloring 
and require hydrotreating or use of additional processes to 
remove or reduce these effects. 

0037. One important aspect of the present invention is the 
absence of the requirement to add additional agents prior to 
treatment. However, it should be noted that the presence of 
additives or an aqueous phase does not preclude use of the 
present invention. Those skilled in the art will recognize that 
Some feedstockS may require pretreatment to remove 
troublesome components, however the process has proven 
very versatile and no pretreatment is normally required. 
"Additives', as used herein, is not intended to include 
components normally found in the Subject feedstock or are 
added during prior processing or use. Treatment of crude oil 
in accordance with the present invention prior to the distil 
lation process will increase the yields of lighter hydrocarbon 
fractions and reduce the need for further processing Such as 
cracking or other upgrading. Treatment of #6 fuel oil accord 
ing to the method of the present invention produces both 
diesel boiling range fractions and the residual is a high 
quality asphalt product. 

0.038. The hydrocarbon mixture does not require heating 
for practice of the present invention and may even be 
practiced at ambient temperatures or below. Although not 
required for practice of the present invention, the mixture 
can be heated to allow flow to occur. Frequently the mixture 
will be pumped through a continuous System which requires 
a degree of flowability in the feedstock. Temperatures below 
about 300 F. typically provide the desired flowability and 
temperatures less than about 20 F. above the pour point of 
the fluid should suffice for most applications of the present 
invention depending on other factors, discussed below, 
which may necessitate heating between about 300 F. and 
less than 500 F. 

0039. Another advantage of the present invention is that, 
becauSe ultrasonic cavitation equipment is significantly leSS 
expensive than thermal or catalytic cracking equipment, 
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processing of Small Volume Streams of hydrocarbon mix 
tures is economically feasible. Another advantage of the 
invention is that the method produces no Substantial envi 
ronmental emissions or off gases. Further the method is a 
totally Self-contained process which may be easily moved to 
different locations and occupies minimal Space. Another 
advantage of the present invention is that the method can be 
performed without requiring the formation of emulsions 
either before or during the process of exposing the hydro 
carbon mixture to cavitational energy. 

0040. Referring again to FIG. 1, the method steps in 
accordance with the present invention begins by Selecting 
102 an appropriate hydrocarbon mixture for treatment. Typi 
cally, the process of the present invention is applied to 
petroleum or hydrocarbon mixtures having a Substantial 
concentration of heavy hydrocarbons. Once the hydrocarbon 
mixture is Selected, processing continues to the cavitational 
energy treatment Step 104. At this Step, the hydrocarbon 
mixture is treated by applying cavitational energy wherein 
the hydrocarbon mixture is directly exposed to cavitational 
energy. The preferred System for applying cavitational 
energy is described in greater detail below and one embodi 
ment is described hereinafter. When using ultraSonic cavi 
tational energy Sources, it is desirable that the Sound waves 
cycle at a rate Sufficient to induce cavitation and implosion 
of the cavitation cavities in the hydrocarbon mixture and 
cause cracking of at least a portion of the hydrocarbons in 
the hydrocarbon mixture. Most often, the desire will be to 
crack the heavy hydrocarbons within the mixture to produce 
lighter more valuable hydrocarbon fractions. Ultrasonic 
cavitation tends to crack the largest molecules first at the 
center of the molecule. This advantageously reduces the 
amount of off-gases produced. The mixture is Subjected to 
any frequency which is functional to obtain the desired 
degree of cracking is acceptable for practice of the present 
invention. Sound waves having a frequency of about 5 kHz 
to about 500 kHz are useful. However, frequencies from 
about 40 kHz to about 100 kHz are particularly beneficial to 
cracking the carbon-carbon bond. In addition to these fre 
quencies other variables will affect the occurrence of crack 
ing within the mixture Such as increased power, exposure, 
amplitude, dwell-time, preSSure and temperature. 

0041. The exposure time varies and is a function of the 
flow rate of the hydrocarbon mixture past the ultrasonic 
energy Source, e.g., an ultraSonic horn 306. Exposure is 
based on the desired degree of cracking and the properties of 
the feedstock. Exposure up to 500 W/cm may be necessary 
to achieve the desired results. Further, exposure in the range 
of less than 500 W/cm may work in combination with 
increased temperatures, preSSures or dwell-time. Increasing 
the temperature of the hydrocarbon mixture between about 
300 F. and less than 500 F. will aid in cracking of the 
mixture. Further, depending on the feedstock, pressures up 
to about 150 psi may be used. Other ultrasonic energy 
Sources may be used in accordance with the present inven 
tion Such as magnetorestrictive alloys, Such as terfenol, or 
any other ultrasonic generators known to those skilled in the 
art. AS mentioned earlier, other Sources may produce the 
energy needed to produce cavitation within the hydrocarbon 
mixture. These cavitational energy Sources include not only 
ultraSonic horns and probes, but also propellers, impellers, 
Venturi, electromagnetic waves and combinations of these 
SOUCCS. 
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0042. In one embodiment of the present invention an 
ultraSonic horn is used as the cavitational energy Source and 
the hydrocarbon mixture is directed past the ultraSonic horn 
in a continuous process. Another important factor is the 
dwell-time, which may be increased to assist in cracking of 
hydrocarbons in the mixture. The hydrocarbon mixture is 
provided at a flow rate which depends on the quality and 
viscosity of the feedstock but may vary from about 1 to 
about 20 gallons per minute while a flow rate of about 1 to 
about 5 gallons per minute for a 1.5" ultraSonic horn are 
expected to yield good results. Further discussion of the flow 
past the ultraSonic energy Source is provided in more detail 
below in relation to the “cup-shaped” flow tube. 
0043. The hydrocarbon mixture may be recycled through 
the cavitational treatment step as shown in step 108. The 
treated hydrocarbon mixture can be tested at this point and 
recycled until the desired characteristics are achieved. In 
order to obtain the desired degree of cracking Several passes 
through the treatment Step may be necessary. Alternatively, 
instead of continuously feeding a hydrocarbon mixture past 
an ultraSonic horn, a fixed amount of hydrocarbon mixture 
may be placed in a container along with ultrasonic energy 
inducing probes in a batch process. A batch treatment 
according to this method would be particularly Suited for 
mixtures containing highly viscous hydrocarbons, residu 
ums or heavy waxes but is less efficient than continuous flow 
processing. 

0044) The chemical effects of ultrasound are to enhance 
reaction rates because of the formation of highly reactive 
radical species formed during cavitation and the cleavage of 
covalent bonds. The Scission of covalent bonds may cleave 
carbon-carbon bonds and/or bonds between heteroatoms and 
their neighbors. Additionally, the method of the present 
invention affects a reduction in Van der Waals, polar attrac 
tive forces, hydrogen bonding and other attractive forces as 
a result of both physical and/or chemical changes. 
0.045 While various methods of generating sound waves 
are known in the art, Such as a Sonic transducer with a 
magnetorestrictive alloy, the currently preferred method 
uses ultrasonic horns containing piezo-electric crystals as 
the ultrasonic energy source 206, shown in FIG. 2. The 
hydrocarbon mixture is delivered to the ultrasonic energy 
Source using any number of flow cell 204 configurations 
which define a containment space and direct the flow of fluid 
for exposure to the ultraSonic energy. Aparticularly effective 
flow cell for delivering the hydrocarbon mixture to the 
ultrasonic energy source is shown in FIG. 3. A “U” or 
cup-shaped flow tube 304 is placed to direct the flow of 
feedstock approaching the ultrasonic horns 206. The cup 
shaped flow tube, due to its reduced diameter and “U” shape, 
enhances the effectiveness of the System. It is thought that 
this improved performance is the result of increasing the 
Velocity of the feedstock resulting in turbulent, rather than 
laminar flow, as the feedstock approaches the ultrasonic 
horns. Several variables seem to affect the efficiency of the 
process and include the gap 308 between the flow tube and 
the ultraSonic energy Source, and the cupped walls on the 
flow tube. Tests performed using a flow tube without the 
cupped walls showed a reduced effect on the distillation of 
the treated hydrocarbon mixture. Further, the gap should be 
adjusted to that which is functional to obtain the desired 
results. A narrow gap produces undesirable emulsions while 
a slightly larger gap will affect the desired results and 

Jan. 30, 2003 

requires minimal experimentation to determine. For 
example, a configuration having a gap of ys", an inlet 
diameter of %", and an ultrasonic horn diameter of 1.5" is 
one operable configuration. However, a gap of about 4" 
should assist in obtaining cracking and maybe a Strong 
factor in intensifying the ultrasonic cavitation conditions 
among the other factors of temperature, pressure, exposure 
power and dwell-time. The resulting turbulent flow and high 
preSSures cause more of the feedstock to come into close 
contact with the ultrasonic horns resulting in increased 
cavitation of the feedstock. The flow tube also directs the 
feedstock acroSS the full diameter of the ultraSonic horn and 
increases the exposure of the fluid to cavitational energy. 
The cup-shaped flow tube 304, as used in one embodiment 
of the present invention, advantageously and unexpectedly 
increases the cavitation of the hydrocarbon mixtures used as 
feedstock thereby increasing the effectiveness of the pro 
ceSS. Further, under laminar flow conditions without a 
cup-shaped flow tube increasing the flow rate of a Sample of 
used motor oil from 3 to 5 gpm resulted in poorer distillation 
results. However, the addition of the cup-shaped flow tube 
resulted in Similar distillation results at 5 gpm as the 3 gpm 
tests without the flow tube. Thus, the cupped walls of the 
flow tube provide more favorable conditions for Separating 
the various hydrocarbon fractions than without. 
0046. A cup-shape flow tube which is effective in pro 
Viding the discussed results is a commercially available 
product available as a high pressure process cell assembly 
and is available in a range of sizes. Using the 1.5" flow tube 
and the above configuration produces an exposure of 
between about 40 W/cm and 100 W/cm° when using a 1000 
W energy supply. Increasing the exposure to less than 500 
W/cm may be necessary to achieve cracking in Some feed 
stocks. Other flow tubes or delivery systems directing flow 
toward the cavitational energy Source wherein the flow is 
provided in the turbulent flow regime will also improve the 
effectiveness of the cavitational energy treatment. Such 
tubes and Systems include also introducing obstructions or 
any change in diameter or flow-direction which would cause 
increased turbulent flow and mixing of the delivered feed 
Stock. 

0047 Clearly, the optimal flow rate past the ultrasonic 
horns will depend on a variety of factorS Such as feedstock 
Viscosity, temperature, pressure, composition and flow tube 
characteristics delivering feedstock past the ultrasonic 
horns. Feedstocks containing highly viscous components 
will require lower flow rates or repeated exposure to cavi 
tational energy. 
0048 Heavy hydrocarbon products of various processes 
Such as atmospheric tower bottoms, residuums, asphalts and 
#6 fuel oil contain Significant amounts of heavy hydrocar 
bons, i.e. above the diesel fuel range, which Significantly 
impair their use and value. The high pressures and high 
temperatures from ultrasonic cavitation result in cracking, 
which splits carbon-carbon (C-C) bonds of large hydro 
carbon molecules found in heavy hydrocarbon mixtures. 
Preferably, a portion of the heavy hydrocarbon molecules 
are split into lighter hydrocarbon fractions typically found in 
the diesel fuel range or lighter. It is known that ultrasonic 
cavitation of water produces an Hion and an OHion. In the 
present invention, the presence of water during cavitation 
provides a free hydroxyl radical to facilitate the cracking of 
the hydrocarbon molecule, and the Hion provides hydro 
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genation of the newly divided hydrocarbon molecule and 
further improves its utility and helps to avoid polymeriza 
tion, alkylation, or other undesirable side reactions. Further, 
the presence of heterocyclic and heteroatom hydrocarbon 
compounds, aromatics, trace elements and hydrocarbons 
having non-carbon constituent groups result in various reac 
tions which improve the properties of the treated hydrocar 
bon mixture. The treated mixture may be Stored or shipped 
without recovering or Separating the various hydrocarbon 
fractions and the later performed Separation exhibits essen 
tially the same improvements in distillation yields as Sepa 
rations performed immediately after treatment with cavita 
tional energy. 
0049 Referring again to FIG. 1, after the hydrocarbon 
mixture is treated by the cavitational energy in Step 104, 
processing continues to Step 108 wherein the System deter 
mines whether the treatment is complete. For efficient pro 
cessing, the hydrocarbon mixture should reach a predefined 
fractionation value. If at step 108 the predefined threshold 
has not been reached, processing returns to Step 104 for 
treatment with additional cavitational energy. If step 108 
determines that the predefined threshold, Such as fraction 
ation value, has been reached, processing continues to Step 
110. Most often a single pass through the system is sufficient 
if the optimal conditions are chosen as discussed previously. 

C. Example 

0050 Experimental Testing Procedures 
0051) The following test equipment was used: 
Sonochemical horn (20 kHz), Sonochemical power Supply 
(1000W), process cell and ASTM D-86 Atmospheric Dis 
tillation Test Apparatus. All percents shown are by Volume 
unless otherwise indicated. 

0.052 A 100 ml sample of vacuum tower bottoms was 
tested for initial ASTM D-86 Atmospheric Distillation val 
ues as shown in Table 3. A gallon of the vacuum tower 
bottoms at 300 F. was then placed in a continuous flow test 
bed where cavitation was then introduced by the ultrasonic 
horn into the Sample using a flow configuration Similar to 
that shown in FIG. 3, wherein the gap was 4". The 
cavitation was performed at a pressure of 150 psi and 
provided at a rate of 1 gpm. The Sample was then re-tested 
for ASTM D-86 Atmospheric Distillation results which are 
shown in Table 3. 

TABLE 3 

ASTM D-86 Atmospheric Distillation Results ( F. 

% Recovered Before cavitation After cavitation 

Initial boiling point 635 250 
5% 670 (a 3% 325 
10% 450 
20% 550 
30% 6OO 
40% 62O 
50% 640 
60% 660 

0.053 Again, these results show a very significant 
increase in the yield of fractions boiling under 660 F. The 
treatment resulted in over 55% increase in yield at about 
660 F. Remember that the starting material was vacuum 
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tower bottoms and Such improvement represents a dramatic 
increase in diesel boiling range products having a greater 
value than the original. Practice of the present invention 
therefore provides for an increase in the number of Smaller 
molecules and offers the industry a new tool to maximize the 
yield of valuable hydrocarbon fractions. 
0054 D. System for Applying Ultrasonic Energy to 
Hydrocarbon Mixtures 
0055. A system of the present invention for applying 
ultraSonic energy to hydrocarbon mixtures and generating a 
treated hydrocarbon product having more distillable lighter 
hydrocarbons is shown in FIG. 2. In the embodiment shown 
in FIG. 2, the System for applying ultraSonic energy shown 
is a continuous feed system. The hydrocarbon mixture 202 
is continuously fed through an incoming feed line 208 which 
is operatively connected to one or more ultraSonic Sub 
systems 212. The number of Sub-systems will depend on the 
desired capacity and may be arranged in Series or parallel 
based on basic proceSS design principles for either process 
ing or reliability factors. Although a plurality of ultrasonic 
Sub-Systems are shown in FIG. 2 only a single ultrasonic 
Sub-System is labeled for convenience. Once treatment is 
complete, the treated hydrocarbon mixture, or the fuel 
having a higher distillable hydrocarbon content, is removed 
from the ultrasonic sub-system(s) 212 of the system through 
a processed product return line 210. 
0056. A sample ultrasonic sub-system 212 is shown in 
FIG. 3. In this particular embodiment, the hydrocarbon 
mixture enters the flow cell 204 which defines a containment 
space directing the flow of the hydrocarbon mixture. The 
ultraSonic Sub-System applies ultrasonic energy to the hydro 
carbon mixture by using an ultraSonic energy Source 206. 
One embodiment of the flow cell 204 is the “U” or cup 
shaped flow tube 304 depicted in FIG. 3 and is particularly 
effective in delivering the hydrocarbon mixture to the ultra 
Sonic horn although other flow cells and configurations 
would Suffice for practice of the present invention. The gap 
308 between the ultrasonic energy source and the flow tube 
304 is an experimentally determined distance and may 
depend on a variety of factors. For the configuration shown 
where the flow tube inlet is %" diameter and the ultrasonic 
energy Source is %" diameter, a gap of /4" provides adequate 
results. Therefore, the appropriate configurations require 
Some minor experimentation based on the temperature, 
preSSure, flow rates, exposure power and frequency to 
determine and are well within the capacity of those skilled 
in the art. 

0057 The manner in which the flow is directed past the 
ultrasonic horn directly affects the efficiency of the treatment 
process and care should be taken to provide for maximum 
exposure of the fluid acroSS the Surface of the ultrasonic 
horn. The treated hydrocarbon mixture exits the ultrasonic 
sub-system 212 via the processed product return line 210. 
The treated hydrocarbon mixture may then be stored or 
processed further via distillation or other refining processes. 
0058. The system, including the ultrasonic Sub-systems, 
are described in these terms for convenience purposes only. 
In addition, the components of the System described herein 
are commercially available wherein it is well known by a 
perSon of ordinary skill in the relevant art to design, imple 
ment, and operate Such a System in order to perform the 
method of Separating various hydrocarbon fractions from a 
hydrocarbon mixture according to the present invention. 
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Conclusion 

0059 While various embodiments of the present inven 
tion have been described above, it should be understood that 
they have been presented by way of example only, and not 
limitation. It will be understood by those skilled in the art 
that various changes in form and details may be made 
therein without departing from the Spirit and Scope of the 
invention as defined in the Specification and the appended 
claims. Thus, the breadth and Scope of the present invention 
should not be limited by any of the above-described exem 
plary embodiments, but should be defined in accordance 
with the Specification and any equivalents. 

What is claimed is: 
1. A method of upgrading a hydrocarbon mixture, com 

prising the Steps of 
(a) providing a hydrocarbon mixture to be upgraded; and 
(b) treating the hydrocarbon mixture with cavitational 

energy, wherein the cavitational energy induces cavi 
tation in the hydrocarbon mixture Sufficient to cause 
cracking of a portion of the hydrocarbons within the 
hydrocarbon mixture to produce a treated hydrocarbon 
mixture, wherein the treated hydrocarbon mixture com 
prises at least two hydrocarbon fractions. 

2. The method of claim 1, wherein the cavitational energy 
is provided using a cavitational energy Source Selected from 
the group consisting of ultraSonic, electromagnetic, propel 
ler, impeller, Venturi and combinations thereof. 

3. The method of claim 2, wherein the cavitational energy 
Source is an ultraSonic Source. 

4. The method of claim 3, wherein the ultrasonic Source 
comprises one or more ultrasonic horns. 

5. The method of claim 3, wherein the cavitational energy 
has a frequency of about 5 kHz to about 500 kHz. 

6. The method of claim 5, wherein the cavitational energy 
has a frequency of about 40 kHz to about 100 kHz. 

7. The method of claim 3, wherein the cavitational energy 
is less than 500 W/cm. 

8. The method of claim 7, wherein the cavitational energy 
is less than about 375 W/cm. 

9. The method of claim 3, wherein the hydrocarbon 
mixture is provided at a pressure of about 150 psi. 

10. The method of claim 1, wherein the hydrocarbon 
mixture is Selected from the group consisting of crude oil, 
atmospheric tower refining bottoms, used motor oil, Vacuum 
gas oils, refining residuums, cat cracker bottoms, fuel oil, 
Vacuum tower bottoms, residual fuel oils and mixtures 
thereof. 

11. The method of claim 1, wherein the hydrocarbon 
mixture further comprises organic components containing 
heteroatoms Selected from the group consisting of nitrogen, 
Sulfur, OXygen and mixtures thereof. 

12. The method of claim 1, wherein the hydrocarbon 
mixture comprises predominantly hydrocarbons having a 
boiling point greater than that of diesel. 

13. The method of claim 1, wherein the hydrocarbon 
mixture is treated at a temperature between about 300 F. 
and less than 500 F. 

14. The method of claim 1, wherein the hydrocarbon 
mixture having a predetermined pour point is treated at a 
temperature less than about 20 F. Over the pour point of the 
hydrocarbon mixture. 
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15. The method of claim 1, wherein the hydrocarbon 
mixture is treated in the absence of Substantial amounts of an 
aqueous phase or additives. 

16. The method of claim 1, further comprising the step of 
Separating the at least two hydrocarbon fractions from the 
treated hydrocarbon mixture into Separate fractions. 

17. The method of claim 16, wherein the step of separat 
ing is accomplished via distillation. 

18. The method of claim 1, further comprising subjecting 
the treated hydrocarbon mixture to step (b) multiple times 
until the treated hydrocarbon mixture exhibits a predeter 
mined fractionation value. 

19. A treated hydrocarbon mixture produced by the 
method of claim 1, wherein the treated hydrocarbon mixture 
has a higher distillable hydrocarbon content than the original 
hydrocarbon mixture. 

20. A method of upgrading a hydrocarbon mixture, com 
prising the Steps of 

(a) providing a hydrocarbon mixture in the absence of 
Substantial amounts of an aqueous phase or additives, 

(b) treating the hydrocarbon mixture with ultrasonic 
energy, wherein the ultraSonic energy induces cavita 
tion in the hydrocarbon mixture Sufficient to crack a 
portion of the hydrocarbons within the hydrocarbon 
mixture to produce a treated hydrocarbon mixture, 
wherein the treated hydrocarbon mixture comprises at 
least two hydrocarbon fractions, and 

(c) separating the at least two hydrocarbon fractions from 
the treated hydrocarbon mixture into separate fractions. 

21. A method of upgrading a hydrocarbon mixture, com 
prising the Steps of 

(a) providing a hydrocarbon mixture in the absence of 
Substantial amounts of an aqueous phase or additives, 
wherein the hydrocarbon mixture has a predetermined 
pour point; 

(b) treating the hydrocarbon mixture with ultrasonic 
energy at a temperature from the pour point of the 
hydrocarbon mixture to about 20 F. Over the pour 
point, wherein the ultrasonic energy induces cavitation 
in the hydrocarbon mixture Sufficient to crack a portion 
of the hydrocarbons within the hydrocarbon mixture to 
produce a treated hydrocarbon mixture, wherein the 
treated hydrocarbon mixture comprises at least two 
hydrocarbon fractions, and 

(c) separating the at least two hydrocarbon fractions from 
the treated hydrocarbon mixture into Separate fractions. 

22. A method of upgrading a hydrocarbon mixture, com 
prising the Steps of 

(a) providing a hydrocarbon mixture; 
(b) providing a means for delivering the hydrocarbon 

mixture to a Source of ultraSonic energy using a cup 
shaped flow tube; 

(c) treating the hydrocarbon mixture with ultrasonic 
energy, wherein the ultraSonic energy induces cavita 
tion in the hydrocarbon mixture Sufficient to crack a 
portion of the hydrocarbons within the hydrocarbon 
mixture to produce a treated hydrocarbon mixture, 
wherein the treated hydrocarbon mixture comprises at 
least two hydrocarbon fractions. 
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23. A continuous Self-contained ultraSonic treatment SyS 
tem for upgrading hydrocarbon mixtures comprising: 

(a) a containment space for containing the hydrocarbon 
mixture; 

(b) an inlet line operatively connected to the containment 
Space, 

(c) at least one ultraSonic energy Source for emitting 
ultraSonic energy positioned Such that the ultrasonic 
energy passes through the containment Space; 

(d) an outlet line operatively connected to the containment 
space to allow for withdrawal of the hydrocarbon 
mixture, and 

(e) a cup-shaped flow tube operatively connected to the 
containment Space and oriented to direct flow of the 
hydrocarbon mixture toward the ultrasonic energy 
SOCC. 
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24. A method of upgrading a hydrocarbon mixture, com 
prising the Steps of 

(a) providing a hydrocarbon mixture having a predeter 
mined pour point, wherein the hydrocarbon mixture is 
Substantially free of an aqueous phase and additives 
and is at a temperature less than 20 F. Over the pour 
point, 

(c) directing the hydrocarbon mixture toward an ultra 
Sonic energy Source using a cup-shaped flow tube; 

(b) treating the hydrocarbon mixture with ultrasonic 
energy emitted from the ultraSonic energy Source, 
wherein the ultraSonic energy has Sufficient energy to 
crack a portion of the hydrocarbons within the hydro 
carbon mixture to produce a treated hydrocarbon mix 
ture, wherein the treated hydrocarbon mixture com 
prises at least two hydrocarbon fractions, and 

(c) recovering the at least two hydrocarbon fractions from 
the treated hydrocarbon mixture. 

k k k k k 


