
Processes and Compositions for Liposomal and Efficient Delivery of Gene
Silencing Therapeutics FIELD OF THE INVENTION This disclosure relates
generally to processes, compositions and uses for delivery of biologically
active agents and drug agents. The processes and compositions of this
disclosure are useful for delivery of therapeutic agents to selected cells,
tissues, organs or subjects. Embodiments of this invention may provide for
delivery of pharmaceuticals and therapeutic agents, including nucleic acid
agents, and methods for making and using materials to effect drug delivery.
In particular, this invention relates to processes and compositions
containing liposomes or lamellar vesicles, and other forms of
deliveryenhancing compositions and formulations, as well as therapeutic
methods and uses for these delivery materials. SEQUENCE LISTING This
application includes a Sequence Listing submitted herewith via EFS-Web as
an ASCII file created on October 14, 2009, named MD-08-16PCT.txt, which is
99,622 bytes in size, and is hereby incorporated by reference in its
entirety. BACKGROUND The delivery of a therapeutic compound to a subject
can be impeded by limited ability of the compound to reach a target cell or
tissue, or by restricted entry or trafficking of the compound within cells.
Delivery of a therapeutic material is in general restricted by membranes of
cells. These barriers and restrictions to delivery can result in the need
to use much higher concentrations of a compound than is desirable to
achieve a result, which brings the risk of toxic effects and side effects.
A further limitation in delivering certain therapeutic compounds is the
need to protect the compound from degradation in the transport process. In
particular, systemic delivery via blood circulation can subject the
compound to a variety of proteins, enzymes and immunological components and
factors. One strategy for delivery is to improve transport of a compound
into cells using natural or synthetic lipophilic or polymeric carrier
molecules. These materials can takeadvantage of mechanisms that exist for
selective entry into a cell, while still excluding exogenous molecules such
as nucleic acids and proteins. For example, a cationic lipid may interact
with a drug agent and provide contact with a cell membrane. Certain natural
and synthetic lipophilic molecules can also be organized into liposomes or
particles as carriers for drug agents. Liposomes of nanometer or submicron
dimension can take advantage of mechanisms that exist for selective entry
into a cell, such as endocytosis. Liposomal drug carriers can protect a
drug molecule from degradation while improving its uptake by cells. Also,
liposomal drug carriers can encapsulate or bind certain compounds by
electrostatic and other interactions, and may interact with negatively
charged cell membranes to initiate transport across a membrane. A drawback
of liposomes is that biological activity of a therapeutic liposomal
formulation will generally depend on the degree of loading of the active
agent into the liposomes. In general, a high degree of loading is desirable
to provide high therapeutic activity. Further, the loading of liposomes may
require additional carrier molecules that will remain within the
formulation. Another limitation of liposomes for drug agent delivery is
that using them adds mass to the delivery formulation. The biological
activity of a therapeutic formulation and its relative toxicity will be
affected by the nature and mass of additional components such as lipophilic
molecules and carriers used to prepare the formulation. Conventional
lipidbased liposomal formulations for delivery of active agents can have a
ratio of more than ten to fifteen times the mass of lipid molecules to the
mass of active agent. In general, a lower ratio of lipid or carrier to
active agent is more efficient and desirable. Such liposomal formulations
for nucleic acid agents may contain no more than a few hundred copies of
the nucleic acid agent molecule per liposome. The understanding of
regulatory RNA and the development of RNA interference (RNAi), RNAi
therapy, RNA drugs, antisense therapy, and gene therapy, among others, has
increased the need for effective means of introducing active nucleic acid
agents into cells. In general, nucleic acids are stable for only limited
times in cells or plasma. However, nucleic acid-based agents can be
stabilized in compositions and formulations which may then be dispersed for
cellular delivery. What is needed are processes, compositions, and uses for
systemic and local delivery of drugs and biologically active molecules.
Among other things, there is a need for processes for making and using
delivery structures and carriers, including liposomal forms, that increase
the efficiency of delivery of biologically active and therapeuticmolecules.
It is desirable to have efficient delivery along with high biological
activity using reduced amounts of carrier materials, especially for
liposomal formulations, gene silencing therapeutics, and other agents.
BRIEF SUMMARY This disclosure provides novel processes, compositions and
formulations for intracellular and in vivo delivery of drug agents for use,
ultimately, as a therapeutic, which in general maintain cytoprotection and
relatively low toxicity. The methods and compositions of this disclosure
are useful for delivery of drug agents to selected cells, tissues, and
organs. In some aspects, this disclosure provides processes, compositions
and methods to deliver active nucleic acid agents or molecules to cells.
The active agents may provide therapeutic or pharmacological effects,
either through pharmaceutical action, or by producing the response of RNA
interference, or antisense or ribozyme effects. Active agents of this
disclosure may be useful in the regulation of genomic expression, or for
gene therapy. Embodiments of this invention provide a range of processes
for making a composition, including liposomal compositions, containing one
or more active agents by providing a first stream comprising an aqueous
buffer solution of an active agent, providing a second stream comprising a
non-aqueous solution of one or more liposomeforming compounds in organic
solvent, impinging the first stream on the second stream, thereby forming
an impinging stream having a concentration of the organic solvent of 



from about 20% to about 50% v/v. The impinging stream may have a pH of from
about 6 to about 7.4. The impinging stream can be incubated in a collection
reservoir for a period of from about 0.5 hours to about 8 hours at a
temperature of from about 20 0C to about 35 0C, thereby forming an incubate
comprising liposomes. In certain embodiments, processes for making a
composition containing one or more active agents may include quenching the
incubate by adding buffer to the incubate sufficient to make the
concentration of the organic solvent less than about 20% v/v. In some
aspects, a liposome-forming compound of this invention may be one or more
DILA2 amino acid compounds. A DILA2 amino acid compound is a synthetic
organic compound containing an amino acid group that may form a liposome.
DILA2amino acid compounds can contain a delivery-enhancing or lipophilic
tail at either the Nterminus or the C-terminus of the amino acid group, or
at both termini. In some variations, processes for making a composition
containing one or more active agents may further include that the volume
flow rate of the first stream, which contains the active agent, is two
times or more the volume flow rate of the second stream, which contains the
liposome-forming molecules. In certain variations, the volume flow rate of
the first stream is three times or more the volume flow rate of the second
stream, or five times or more the volume flow rate of the second stream. An
active agent of this disclosure may be a UsiRNA, a nucleic acid-containing
agent, a gene-silencing agent, a gene-regulating agent, an antisense agent,
a peptide nucleic acid agent, a ribozyme agent, an RNA agent, or a DNA
agent. In some embodiments, the active agent may be a pharmaceutical
compound, or a small molecule pharmaceutical. Processes for making a
liposomal composition containing one or more active agents may further
include adding buffer to the collection reservoir to adjust the
concentration of the organic solvent. The pH of the impinging stream may be
adjusted to be from about 3 to about 6. The incubating step may be
performed at a pH from about 3 to about 6. In certain aspects, the active
agent may be encapsulated in liposomes at a level greater than about 50%,
or greater than about 70%. In some aspects, this invention may provide a
liposomal composition that retains gene-silencing activity for 7 days at a
temperature of 45 0C. In certain aspects, the liposomal composition may
retain encapsulation of the active agent for 7 days at a temperature of 45
0C. A process of this invention may include filtering the incubate by
tangential flow filtration and diafiltration. After tangential flow
filtration the liposomes may be of uniform size less than about 160 nm in
diameter, and may have an average diameter from about 40 nm to about 160
nm, or from about 80 nm to about 150 nm. In further embodiments, the
incubate may be sterilized, and the organic solvent may be exchanged with a
different pharmaceutically-acceptable buffer. In some processes of this
disclosure, the incubate may be filtered by tangential flow filtration and
diafiltration. In certain embodiments, the incubate may be sterilized. A
process of this invention may include adding organic solvent to the first
stream at a concentration of from about 1% to about 40% v/v.The organic
solvent may be a (Cl-6)alkanol at a concentration of about 40 to about 99%
v/v in sterile water for injection, or about 70 to about 95%. The
incubating period of a process of this disclosure may be from about 1 hours
to about 4 hours in length. This invention further contemplates a
pharmaceutical composition made by any variation of the disclosed
processes. In general, this disclosure includes methods for delivering a
therapeutic nucleic acid to a biological cell. In some embodiments, this
disclosure provides methods for inhibiting expression of a gene in a
biological cell by preparing a composition according to a process of this
invention and treating the cell with the composition. Methods for
inhibiting expression of a gene in a mammal disclosed herein include
preparing a composition according to a process of this disclosure and
administering the composition to the mammal. Embodiments of this invention
may further provide methods for treating a disease in a human by preparing
a composition according to a process of this disclosure and administering
the composition to the human, wherein the disease is cancer, bladder
cancer, liver cancer, liver disease, hypercholesterolemia, an inflammatory
disease, a metabolic disease, inflammation, arthritis, rheumatoid
arthritis, encephalitis, bone fracture, heart disease, and viral disease.
This disclosure further contemplates uses of a composition for treating a
disease, and in the preparation of a medicament for treating a disease.
This invention provides a range of compositions and formulations for
delivering a biological agent to a cell. More particularly, in certain
aspects, this disclosure provides liposomal formulations and carrier
particles that are nanometer scale in size. The carrier particles can be
loaded into liposomes, may exhibit increased stability in delivery, and can
efficiently deliver a drug agent to modulate gene expression or activity.
This disclosure provides compositions, methods and uses for improving
systemic and local delivery of drugs and biologically active molecules.
Among other things, this application provides novel compositions and
methods for making and using delivery structures and carriers which can
deliver an active agent within a cell with increased efficiency of
delivery. In some embodiments, this disclosure provides a composition
comprising a liposome containing one or more carrier particles, each
carrier particle comprising anactive nucleic acid agent and a peptide,
wherein the ratio of the mass of the peptide plus the mass of the liposome
to the mass of the nucleic acid agent is less than about 15, or less than
about 12, or less than about 10, or less than about 9, or less than about
8, or less than about 5. In certain embodiments, this invention provides a
composition having a knockdown activity of 50% or greater, or 70% or
greater, or 90% or greater for gene silencing of ApoB in vivo. 



In some variations, the compositions of this disclosure may contain a
liposome comprising an amino acid lipid. In certain aspects, a composition
of this disclosure may contain a charged carrier particle, a negatively
charged carrier particle, or a positively charged carrier particle. In
certain variations, the active nucleic acid agent is an RNAi-inducing agent
or an antisense agent. Each liposome may contain 500 or more copies, or
1000 or more copies, or 5000 or more copies of the active agent molecule.
In some variations, the peptide used for a carrier particle is a cleavable
peptide or a crosslinkable peptide. In some embodiments, the peptide is
PN41 10 or PNl 83. This disclosure provides a method for delivering an
active nucleic acid agent to a cell comprising preparing a liposomal
composition and treating the cell with the composition. In certain aspects,
this disclosure provides a method for inhibiting expression of a gene in a
cell comprising preparing a liposomal composition and treating the cell
with the composition. In some aspects, this disclosure provides a method
for inhibiting expression of a gene in a mammal comprising preparing a
liposomal composition and administering the composition to the mammal. In
some embodiments, this disclosure provides a method for treating a disease
in a human, the disease being selected from inflammatory diseases including
rheumatoid arthritis, metabolic diseases including hypercholesterolemia,
liver disease, encephalitis, bone fracture, heart disease, viral disease
including hepatitis and influenza, and cancer, comprising preparing a
liposomal composition and administering the composition to the human. In
certain embodiments, this disclosure provides a use of a liposomal
composition in the preparation of a medicament for treating a disease
including inflammatory diseases including rheumatoid arthritis, metabolic
diseases including hypercholesterolemia, liverdisease, encephalitis, bone
fracture, heart disease, viral disease including hepatitis and influenza,
and cancer. In some variations, this disclosure provides a use of a
liposomal composition for treating a disease selected from inflammatory
diseases including rheumatoid arthritis, metabolic diseases including
hypercholesterolemia, liver disease, encephalitis, bone fracture, heart
disease, viral disease including hepatitis and influenza, and cancer. This
summary, taken along with the detailed description of the invention, as
well as the figures, the appended examples and claims, as a whole,
encompass the disclosure of the invention. BRIEF DESCRIPTION OF THE
DRAWINGS FIG. 1: Schematic representation of a liposomal embodiment of this
invention in which certain liposome-forming compounds form a bilayer
vesicle 10. In this embodiment, the outer layer of the liposome is
protected by polyethyleneglycol chains 20 attached to a head group of one
of the liposome-forming molecules. The outer layer of the liposome also
presents a ligand 30 for specific targeting of a cell or tissue. The
liposomal vesicle contains, in this embodiment, a cargo of active
interfering RNA components including a condensed RNA nanoparticle 40, a
two-stranded RNA duplex peptide conjugate 50, a three-stranded mdRNA 60, a
dicer enzyme substrate RNA 70, a dsRNA with a long overhang 80, and an
siRNA with blunt ends 90, which are pooled in this embodiment. FIG. 2 :
Flow chart for certain embodiments for preparing liposomal compositions of
this disclosure. Reagent solutions including an active agent solution, a
buffer solution, and a solution of one or more liposome-forming compounds
are prepared separately and provided in reservoirs 200. The active agent
solution and the solution of liposomeforming compounds are contacted in an
impinging stream 210. The impinging stream is collected in a collection
reservoir 220. The collected material is held in the reservoir for an
incubation process 230, after which step the material is stabilized by
quenching 240. The quenched material is subjected to a filtration process
250. The filtrate output 260 continues to a finishing process. FIG. 3 :
Flow chart for certain embodiments for finishing liposomal compositions of
this disclosure. The liposomal composition, which may be a filtrate output
material frompreparation of the liposomal composition, is sterilized 300.
Vessels for carrying the sterilized composition are filled 310 and finished
320, after which the sterile composition is frozen 330 for storage 340. The
final composition is shipped 350 for use. FIG. 4 : Process diagram for
certain embodiments for preparing liposomal compositions of this
disclosure. An active agent solution is maintained in a reservoir 400. A
solution containing liposome-forming components such as a DILA2 compound or
a lipid is maintained in a separate reservoir 410. A buffer solution is
maintained in another reservoir 420. The solutions are pumped using
separate peristaltic pumps 430 at independently selected flow rates. The
solutions may optionally pass through an in-line filter, or be filtered
before being charged to the reservoir. In an impinging process, the active
agent solution is contacted with the solution containing the
liposome-forming components at a contact point 434. The impinging stream
may optionally pass through one or more mixing tubes 436. The impinging
stream enters a collection reservoir 440 for an incubation process. A
quenching process buffer solution may optionally be maintained in a
separate reservoir 450. The liposomal composition 460 exits the collection
reservoir 440 to enter a filtration process. FIG. 5: Process diagram for
certain embodiments for preparing liposomal compositions of this
disclosure. A stabilized liposomal composition is provided in a reservoir
500 from the output 460 of the collection reservoir. A diafiltration buffer
solution is maintained in a separate reservoir 520. A peristaltic pump 502
provides circulation of the stabilized liposomal composition from reservoir
500 through a tube containing a hollow fiber membrane 504. Tangential flow
filtration occurs via this circulation to concentrate the stabilized
liposomal composition by the removal of filtrate 530. The addition of
replacement buffer from reservoir 520 allows for diafiltration at a fixed
or variable volume. Optionally, dialysis of the stabilized liposomal
composition may be performed using peristaltic pump 506 to drive the
dialysis buffer solution from reservoir 540. The stabilized liposomal
composition at a particular concentration is output 550 to a finishing 



process. FIG. 6 : Figure 6 shows that the binding of a polyarginine binding
region to dsRNA increased with the length of the polyarginine binding
region. In Figure 6, the strongestbinding (best ability to displace
SYBR-GoId dye) was observed with PN3499, which was a dimer peptide
containing at total of 10 arginines. DETAILED DESCRIPTION OF MODES
Embodiments of this invention can provide for delivery of pharmaceuticals
and therapeutic agents, including nucleic acid agents, and methods for
making and using materials to effect drug delivery. This invention further
relates to novel drug delivery enhancing processes and compositions that
are useful for delivering various molecules and structures to cells. This
invention provides a range of processes, compounds, compositions,
formulations, and uses directed ultimately toward drug delivery,
therapeutics, and the diagnosis and treatment of diseases and conditions,
including those that respond to modulation of gene expression or activity
in a subject. More specifically, this invention relates to processes and
compositions containing liposomes or lamellar vesicles, and other forms of
deliveryenhancing compositions and formulations, as well as therapeutic
methods and uses for these delivery materials. The processes and
compositions of this disclosure may further be used for delivery of
therapeutic, prophylactic, and diagnostic agents such as nucleic acid
agents, polynucleotides, peptides, proteins, and small molecule compounds
and drugs. The compositions and methods of this disclosure are useful for
delivery of therapeutic agents in forms such as encapsulated within
liposomes or lamellar vesicles. These forms may include nanoparticles of
various diameters. The understanding of regulatory RNA and the development
of RNA interference (RNAi or iRNA), RNAi therapy, RNA drugs, antisense or
ribozyme therapy, and DNA gene therapy, among others, has increased the
need for effective means of introducing active nucleic acid agents into
cells. In general, nucleic acids are stable for only limited times when
introduced into cells or blood. However, nucleic acid-based agents can be
stabilized in compositions and formulations which may then be administered
and dispersed for cellular delivery. Nucleic acid agents include any
nucleic acid-containing moieties such as genesilencing agents,
gene-regulating agents, antisense agents, peptide nucleic acid agents,
ribozyme agents, RNA agents, and DNA agents.In some embodiments, the
compositions and methods of this disclosure are useful for delivery of a
therapeutic agent encapsulated in a liposome. In these embodiments, the
therapeutic agent may be referred to as the cargo. For example, Fig. 1
shows a schematic representation of a liposomal embodiment of this
invention in which various lipophilic molecules form a bilayer vesicle 10.
In this embodiment, the outer layer of the liposome is protected by
polyethyleneglycol chains 20 attached to a head group of one of the
lipophilic molecules. The outer layer of the liposome also presents a
ligand 30 for specific targeting of a cell or tissue. The liposomal vesicle
contains, in this embodiment, a cargo of active RNA components including a
condensed RNA nanoparticle 40, a two-stranded RNA duplex peptide conjugate
50, a three-stranded mdRNA 60, a dicer substrate RNA 70, a dsRNA with a
long overhang 80, and an siRNA with blunt ends 90, which are pooled in this
embodiment. Other forms of therapeutic cargo may include microRNA, hairpin
RNA, DNA or ribozyme forms. In general, any active agent can be utilized as
cargo in the processes and compositions of this disclosure. In some
embodiments, the cargo may be a small organic molecule pharmaceutical
agent. In certain embodiments, the cargo may be a negatively charged or
neutral therapeutic agent. The processes and compositions provided in some
aspects of this disclosure may deliver a therapeutic agent in a releasable
form or composition. Releasable forms and compositions include molecules
that bind and release an active agent, molecules that bind an active agent
and discharge a moiety that assists in release of the agent, molecules that
bind an active agent and are subsequently modulated in form within a
biological compartment to assist in release of the agent, and compositions
containing molecules that bind an active agent admixed with a release
mediator compound. In certain aspects, this disclosure provides methods and
apparatuses for making liposomal compositions suitable for delivery of
therapeutic agents. In certain embodiments, an active agent of this
disclosure is a UsiRNA. The methods of this disclosure may provide
liposomal compositions of nucleic acid agents such as two- or
three-stranded RNA structures, RNA peptide conjugates, condensed RNA
nanoparticles, dicer substrate RNAs, dsRNAs, siRNAs, microRNAs, hairpin
RNAs, and other active RNA forms. The active agent of this disclosure may
be a peptide condensate of an active RNA agent. For example, nanoparticles
formed by condensing an active RNA agent with a peptide or other
biomolecule, condensates of an RNA with a polymeric species, can beloaded
as cargo into a liposomal composition of this invention. The nanoparticles
may be crosslinked. In further embodiments, an active agent of this
disclosure may be a peptide, a protein, a protease, an antibody, a
monoclonal antibody, an antibody-based drug, a vaccine agent, or a small
molecule drug. A composition containing an active agent may be an aqueous
solution. As used herein, the term aqueous solution refers to a water
solution, a sterile water solution, or any solution for which the majority
of the solvent is water. An aqueous solution may contain some organic
solvent, for example. Examples of aqueous solvents include water, sterile
water for injection, Ringer's solution and isotonic sodium chloride
solution. A composition containing a liposome-forming molecule or
lipophilic molecule may be a non-aqueous solution. As used herein, the term
non-aqueous solution refers to any solution for which the majority of the
solvent is not water. A non-aqueous solution may contain some water.
Examples of non-aqueous solvents include organic solvents that are miscible
with water, alkanols, (Cl-6)alkanols, ethanol, isopropanol, isobutanol,
secbutanol, t-butanol, 



alkanol-water, ethanol-water, acetonitrile, acetone, ketones,
dimethylsulfoxide, dimethylformamide, surfactant solutions, detergent
solutions, and mixtures thereof. Processes for liposomal compositions
Embodiments of this invention may provide a range of processes for making a
liposome-containing composition containing an active agent, as well as
methods for drug delivery. In some aspects, a liposomal composition can be
made by impinging two compositions, for example, a composition containing
one or more active agents, and a separate composition containing one or
more liposome-forming molecules. In general, the liposome structures of
this disclosure are not composed in fully active forms until all steps of
the preparation process have been completed. Certain time periods are
required for each step in the processes of this invention. The rates of
formation of liposomal compositions will in general depend on the
unpredictable effects of the combination of many variables, for example,
flow rates, temperature, pH, and the concentration of each component. In
some embodiments, an incubation period is used to control the formation
process.Fig. 2 shows a flow chart for certain embodiments for preparing
liposomal compositions of this disclosure. Referring to Fig. 2, reagent
solutions, including an active agent solution, a buffer solution, and a
solution of one or more liposome-forming compounds are prepared separately
and provided in solution reservoirs 200. The reagent solutions can
optionally be filtered separately or prepared aseptically. The active agent
solution and the solution of liposome-forming compounds are contacted in an
impinging process 210. The impinging stream is collected in a collection
reservoir 220. The collected material is held in the reservoir for an
incubation process 230, after which steps the material is stabilized by
quenching 240. The quenched material is subjected to a filtration process
250. The filtrate output 260 is removed to a finishing process. This
invention includes embodiments of a process for making a liposomal
composition which includes an impinging process. An impinging process may
have one or more steps for creating an impinging stream by impinging a
composition containing an active agent on a composition containing
liposome-forming molecules. In some aspects, a process of this disclosure
for making a liposomal composition of an active agent may have one or more
steps of an incubation process. An incubation process can include
collecting and holding an impinging stream in a reservoir for an incubating
period. Embodiments of this invention may further include a process for
making a liposomal composition in which the incubated composition is
quenched. Quenching may be done by adding a solvent, buffer or diluent to a
stream or mixture of the incubated composition. Quenching can dilute the
concentration of a particular component such as an organic solvent or
dispersant below a prescribed level. In general, quenching of an incubated
composition may form a composition which is stable in relation to further
process or finishing steps. Steps of quenching are operable to stabilize
the incubated composition which may contain liposomal structures.
Incubation of the impinging stream in a collection reservoir, along with
other steps of a process, can provide a liposomal formulation in which an
active agent is highly encapsulated by liposomes. For example, in certain
embodiments, formation of the liposomal compositions and structures of this
disclosure may require any of the steps of impinging, mixing, diluting,
collecting, incubating, adjusting pH, quenching, and filtering. Processes
for making a liposomal composition of this disclosure may further include
one or more steps of filtration. Steps of filtration may be used to change
variousprocess parameters, for example, to control or alter the
concentration of a component, or to alter a particle size or dispersity, as
well as other physical solution parameters. Fig. 3 shows a flow chart for
certain embodiments for finishing liposomal compositions of this
disclosure. Referring to Fig. 3, the liposomal composition, which may be a
filtrate output material from preparation of the liposomal composition, is
sterilized 300. Reservoirs for carrying the sterilized composition are
filled 310 and finished 320, after which the sterile composition is frozen
330 for storage 340. The final composition is shipped 350 for use.
Processes of this disclosure involving sterilization, fill and finish of
materials to containers, and storage of finished formulations may use steps
and methods known in the art, such as those described in Remington's
Pharmaceutical Sciences (18th ed. 1990). Some methods for evaluating
encapsulation, sizing, and general preparation of liposomes are given, for
example, in WO2001005374, U.S. Pat. Publ. Nos. 20040142025 and 20070252295,
and U.S. Pat. No. 6,843,942. Impinging and mixing In certain aspects, this
invention provides a range of methods and process conditions for making a
liposomal composition of an active agent. Fig. 4 shows a process diagram
for certain embodiments for preparing liposomal compositions of this
disclosure. Referring to Fig. 4, a solution of an active agent is
maintained in a reservoir 400. A solution containing liposome-forming
components such as a DILA2 amino acid compound or a lipid is maintained in
a separate reservoir 410. A buffer solution is maintained in another
reservoir 420. The solutions are pumped through transfer tubes 402 using
separate peristaltic pumps 430 at independently selected flow rates. The
solutions may optionally pass through an in-line filter, or be filtered
before being charged to the corresponding reservoir. In an impinging
process, the active agent solution can be contacted with the solution
containing the liposome-forming components at a contact point 434. The
contact point may be of any shape, angle, orientation or size. The
impinging stream may optionally pass through one or more turbulent mixing
tubes 436. The impinging stream enters a collection reservoir 440. A buffer
solution can be pumped from reservoir 420 into the collection reservoir
440. The mixture collected in the collection reservoir 440 can be held for
a period of time in an incubation process. A quenching process buffer
solution may optionally be maintained in a separate reservoir 450. The
quenched liposomal composition 460 exits the collection reservoir 440 to
enter a filtration process.In certain embodiments, the buffer solution in
reservoir 450 may optionally be 



used to dilute the impinging stream, and may be contacted with the
impinging stream before the collection vessel, or before any mixing tube.
As discussed above, to form a liposomal composition, certain processes of
this disclosure provide an impinging stream which undergoes mixing in the
transfer tubes and optionally in a turbulent mixing tube, collection in a
vessel or reservoir, an incubation process, and quenching. The quenched
material is output for filtration and finishing. An impinging stream will
in general result from contacting a composition of an active agent with a
composition containing liposome-forming molecules. The impinging stream may
serve only to contact the compositions to form a single stream. The
impinging stream may not in general provide complete interdispersion or
intermixing of the compositions. In optional steps, an impinging stream may
be subjected to turbulent mixing conditions. The pH of the impinging stream
may be controlled in the range of from about 3 to about 9. In some
embodiments, the pH of the impinging stream is from about 5 to about 8, or
from about 6 to about 7, or about 7.4. In certain variations, the pH of the
impinging stream is from about 3 to about 6. The pH of the impinging stream
can be adjusted during transfer of the impinging stream through the
transfer tubes, or in a mixing tube, or in the collection reservoir. In
certain embodiments, the initial pH of the impinging stream is from about 5
to about 8, or from about 6 to about 7.4, and the pH is adjusted after the
initial impingement to a range of from about 3 to about 6. In certain
embodiments, the pH of the impinging stream is always about 7.4. The
compositions used to form the impinging stream may optionally be filtered
before impinging. A composition containing one or more active agents of
this disclosure may be filtered by, for example, flow filtration techniques
to remove undesirable particles or phases larger in dimension than about
200 nanometers (nm), or larger than about 300 nm, or larger than about 500
nm. A composition containing various liposome-forming molecules may be
filtered by, for example, flow filtration techniques to remove undesirable
particles or phases larger in dimension than about 200 nm, or larger than
about 300 nm, or larger than about 500 nm. The temperature of the impinging
stream can be controlled in the range of from about 15 C to about 37 C.
Aspects of this invention further provide that the composition of the
impinging stream may be controlled using the flow rates for the
compositions that are impinged. Ingeneral, each composition will stream
through a tube of a selected diameter, therefore, the relative volume flow
rates of the streams that are combined in an impinging stream provides a
description of the concentration of various components in the impinging
stream. For example, when an impinging stream is formed by impinging two
separate streams flowing through tubes of the same diameter, then the flow
rates in the separate streams will determine the concentrations of the
components in the impinging stream, as compared to the concentrations of
the components in the original streams. Thus, the flow rates can be used to
provide a desired composition in the impinging stream for making a
liposomal composition having particular characteristics. In certain
embodiments, the flow rates of the streams can be used to control the
concentrations of the active agents relative to the liposome-forming
molecules, as well as other parameters including the concentration of a
solvent or salt, as well as mixing and shear forces. Embodiments of this
invention include processes for making a liposomal formulation in which
encapsulation of active agents and liposome particle size are
advantageously enhanced by adapting the flow rates of the process
apparatus. In certain aspects, a process of this invention may employ tubes
of the same diameters for impinging a stream of a composition of the active
agents on a stream of a composition containing lipophilic molecules. In
certain variations, the flow rates of the compositions may be equal, or
unequal. In particular embodiments, the flow rate of the composition
containing the active agents may be unequal to the flow rate of the
composition containing the lipophilic molecules. For example, in certain
embodiments, the flow rate of the composition containing the active agents
may be as much as twice the flow rate of the composition containing the
lipophilic molecules. In other variations, the flow rate of the composition
containing the active agents may two times or more than the flow rate of
the composition containing the lipophilic molecules, or in some embodiments
three times or more than the flow rate of the composition containing the
lipophilic molecules, or five times or more than the flow rate of the
composition containing the lipophilic molecules. In general, the tubes of
the apparatus may be of any diameter. In certain embodiments, a process of
this invention may employ tubes of different diameters for impinging a
stream of a composition of the active agents on a stream of a composition
containing liposome-forming molecules. In certain variations, the diameters
of the tubes may be equal, or unequal. For example, in certain embodiments,
the diameter of the tubecontaining the solution of active agents may be
three-quarters the diameter of the tube containing the solution of
lipophilic molecules. In other variations, the diameter of the tube
containing the solution of active agents may be half the diameter of the
tube containing the solution of lipophilic molecules. In other variations,
the diameter of the tube containing the solution of active agents may be
greater than the diameter of the tube containing the solution of lipophilic
molecules. In some embodiments, the impinging stream may be further mixed
using certain means for flow-through mixing. Means for flow-through mixing
include a mixer having one or more channels, capillaries, or pathways
arranged to change the direction of flow, where the channels, capillaries,
or pathways may diverge and re-connect one or more times to provide
turbulent mixing. Means for flow-through mixing may optionally include a
mechanical agitator, a shaker, or a stirring rod, blade, paddle, plate, or
vane. The Reynolds number for turbulent mixing may be greater than 2000, or
greater than 2400. The residence time of the mixture stream in a turbulent
mixer can be controlled by adjusting the flow rate of the impinging stream.
In some variations, the flow rates and residence time of the impinging
stream in the turbulent mixer can be used to control the 



sizing of the liposome particles. An example of a turbulent mixing tube
means for flow-through mixing is CoIe- Parmer in-line static mixer
K-04669-52, 316 stainless steel tube mixer; 3/16" tube OD, 2 1 elements.
The vessels, tubes, and other flow components of the apparatus used in each
process of this disclosure may be made of any material that is inert to the
reactants and solvents used, and suitable for the reaction conditions such
as temperature and pH. Examples of materials include polymers, metals,
stainless steel, glass, and ceramics. The vessels, tubes, and other flow
components may also be coated with an inert substance. The vessels, tubes,
and other flow components are in general in fluid communication with one or
more controllable pumps that allow for control of the flow rate of the
solutions and mixtures in each step. The apparatus may include various
valves, for example check valves, to control the flow. The vessels, tubes,
and other flow components may be attached with various fasteners, which may
include ferrules or orings. The apparatus may include temperature sensors
at various points in the flow pathway.The methods and apparatuses of this
disclosure may be used in a batch or a continuous process. Collection
reservoir, incubation process, and quenching process Referring to Fig. 4,
in some embodiments, the impinging stream enters a collection reservoir
440. In the collection reservoir 440, the collected impinging stream is
subjected to an incubation process. An incubation process may include one
or more steps of mixing the collected material, one or more steps of
dilution with a dilution buffer, one or more steps of adjusting the pH in
the collection reservoir, and one or more steps of holding the collected
material for an incubation period at a particular temperature. The
collected material can be mixed in the collection reservoir using, for
example, a mechanical agitator, a rocker, or a stirring rod, blade, paddle,
plate, or vane. In some variations, an impinging stream may be formed by
contacting a composition of an active agent with a composition containing
liposome-forming compounds, and adding a buffer, solvent or diluent to the
impinging stream. The addition of buffer, solvent or diluent may occur
before mixing or collection of the impinging stream, or may be done in the
collection reservoir as part of an incubating process. The addition of
buffer, solvent or diluent reduces the concentrations of the active agent,
liposome-forming molecules, and other components such as another solvent in
the collection reservoir. In some embodiments, the addition of buffer,
solvent or diluent to the impinging stream, whether in the transfer tubes,
or in the mixing tube, or in the collection reservoir, may dilute the
concentration of the organic solvent to about 50% (v/v) or lower, or about
40% (v/v) or lower, or about 35% (v/v) or lower, or about 33% (v/v) or
lower, or about 30% (v/v) or lower, or about 25% (v/v) or lower, or about
22% (v/v) or lower, or about 20% (v/v), or lower. The pH of the collected
mixture or composition in the collection reservoir can be controlled in the
range of from about 3 to about 9. In some embodiments, the pH of the
collected impinging stream is adjusted to be from about 5 to about 8, or
from about 6 to about 7.4. In certain embodiments, the pH of the collected
mixture is from about 5 to about 8, and the pH is adjusted after the
initial impingement to a range from about 3 to about 6. In some variations,
the pH of the collected impinging stream is maintained at about 7.4. A
liposomal composition of this disclosure may also be formed in a process
for which the pH is about 7.4 in each step.In some aspects, the collected
mixture or composition in the collection reservoir is subjected to an
incubation hold period. The length of the hold period of the incubate in
the collection reservoir may range from a few minutes to several hours, or
from about 15 minutes to about eight hours, or from about 0.5 hours to
about 8 hours, or from about 0.5 hours to about 4 hours, or from about 1
hour to about 4 hours, or from about 1 hour to about 2 hours. In some
variations of the process, turbulent mixing occurs after dilution of the
impinging stream with buffer, solvent or diluent, and the hold period of
the incubate may range from about 0.5 hours to about 8 hours, or from about
1 hour to about 4 hours, or from about 1 hour to about 2 hours. In certain
variations, turbulent mixing occurs before dilution of the impinging stream
with buffer, solvent or diluent, and the hold period of the incubate may
range from a few minutes to several hours, or from about 15 minutes to
about eight hours, or from about 0.5 hours to about 8 hours, or from about
0.5 hours to about 4 hours, or from about 1 hour to about 4 hours, or from
about 1 hour to about 2 hours. The length of the incubating period for the
incubation process may depend in general on other process parameters such
as the flow rates of the impinging stream, as well as the temperature and
pH. During the hold period, the temperature of the collected composition in
the collection reservoir can be controlled in the range of from about 15 C
to about 37 C, or from about 22 C to about 35 C. In some aspects, the
incubation process may be terminated by quenching the incubate with rapid
addition of buffer, solvent or diluent. The quenching step may reduce the
concentration of the organic solvent to about 20% (v/v) or lower, or about
15% (v/v) or lower, or about 10% (v/v) or lower, or about 5% (v/v) or
lower. In some embodiments, the quenching process may further provide a
stabilized liposomal composition containing liposomes that encapsulate the
active agent. Filtration and finishing As discussed above, in some
embodiments, an impinging stream undergoes mixing, collection, an
incubation process, and a quenching process. The quenched material may be a
stabilized liposomal composition which is output for filtration and
finishing. Fig. 5 shows a process diagram for certain embodiments for
preparing liposomal compositions of this disclosure by filtration and
finishing. Referring to Fig. 5, astabilized liposomal composition, such as
the quenched liposomal composition 460, is 



charged to a reservoir 500. A diafiltration buffer solution is maintained
in a separate reservoir 520. A peristaltic pump 502 provides circulation of
the stabilized liposomal composition from reservoir 500 through a tube
containing a hollow fiber membrane 504. Tangential flow filtration occurs
via this circulation to concentrate the stabilized liposomal composition,
and filtrate 530 is removed from the tube containing the hollow fiber
membrane 504. The addition of replacement buffer from reservoir 520 to the
circulation allows for diafiltration at a fixed or variable volume. The
stabilized liposomal composition may also be diluted by the addition of
buffer to attain the final concentration of the active agent in the
formulation. Optionally, dialysis of the stabilized liposomal composition
may be performed using peristaltic pump 506 to drive the dialysis buffer
solution from reservoir 540. The stabilized liposomal composition at a
particular concentration is output 550 to a finishing process. In general,
the filtrate 530 may contain organic solvent and unencapsulated active
agent. Thus, the removal of filtrate may remove and reduce the
concentration of the organic solvent in the stabilized liposomal
composition, as well as remove the unencapsulated active agent. In general,
the quenched incubate may have a concentration of the active agent that is
below the range desirable for preparing a pharmaceutical composition. In
some embodiments, the quenched incubate may have a concentration of
non-aqueous solvent that is too high for preparing a pharmaceutical
composition. These concentrations can be adjusted by tangential flow
filtration and diafiltration, as discussed above. In some embodiments, the
quenched incubate is circulated to a hollow fiber tangential flow
filtration apparatus, or cartridge or cassette tangential flow filtration
apparatuses. When cycled without the addition of buffer or solvent,
tangential flow filtration retains the liposomal compositions in a
decreasing volume of buffer and solvent, thereby increasing its
concentration. A similar apparatus may be used in diafiltration mode to
remove non-aqueous solvent and replace it with diafiltration buffer. In
diafiltration mode, the volume of the circulating retentate is held
essentially constant by adding diafiltration buffer. Thus, the
concentration of organic solvent decreases as it enters the permeate and is
removed. The concentration of the active agent may be adjusted by the
addition of buffer to the retentate of the diafiltration step to achieve a
desired final concentration. The concentration-adjusted retentate may
thereafter be provided to a sterilization unit in whichdirect flow
filtration is used to sterilize the retentate product solution. The
sterilized product may be used in a sterile vial-filling process, and the
product vials stored at low temperature. Flash freezing, lyophilizing, and
low temperature lyophilizing, and other means can be used to prepare and
store the product. In certain embodiments, to reach a desired active agent
concentration the quenched incubate may be concentrated first by tangential
flow filtration, followed by diafiltration to remove organic solvent, then
followed by additional tangential flow filtration, and lastly dilution with
buffer, solvent or diluent. Examples of methods and materials for
filtration are given Mark C. Porter, Handbook of Industrial Membrane
Technology (Noyes 1990), pp. 186-87. Some aspects of filtration are given
in Munir Cheryan, Ultrafiltration and Microfiltration Handbook (1998).
Encapsulation of Active Agents The degree of encapsulation of the active
agent by the liposome particles is in general affecting by many process
parameters. In some embodiments, the degree of encapsulation of the active
agent by the liposome particles after the incubation process is 50% or
greater, or 60% or greater, or 70% or greater, or 80% or greater, or 90% or
greater, or 95% or greater, or 96% or greater, or 97% or greater, or 98% or
greater, or 99% or greater, or essentially 100%. The active agent liposomal
compositions of this disclosure in general contain liposome particles of
uniform size. The liposomal particle size may be about 300 nm in diameter
or less, or about 250 nm or less, or about 200 nm or less, or about 180 nm
or less, or about 160 nm or less, or about 150 nm or less, or about 140 nm
or less, or about 130 nm or less, or about 120 nm or less, or about 110 nm
or less, or about 100 nm or less, or about 90 nm or less, or about 80 nm or
less, or about 70 nm or less. The liposomal particle size may range from
about 50 nm to about 500 nm, or from about 60 nm to about 400 nm, or from
about 70 nm to about 300 nm, or from about 70 nm to about 200 nm, or from
about 70 nm to about 160 nm, or from about 80 nm to about 160 nm. In some
variations, the stabilized liposomal composition may contain less than
about 10% of the active agent that is outside of the liposome particles and
not encapsulated, or less than about 8% of the active agent that is not
encapsulated, or less than about 5% of the active agent that is not
encapsulated, or less than about 4% of the active agent that is not
encapsulated, or less than about 3% of the active agent that is
notencapsulated, or less than about 2% of the active agent that is not
encapsulated, or less than about 1% of the active agent that is not
encapsulated. The level of encapsulation of the active agent in the
stabilized liposomal composition may range from about 70% to about 99%, or
from about 80% to about 99%, or from about 90% to about 99%, or from about
95% to about 99%. The level of encapsulation of the active agent in the
stabilized liposomal composition may be essentially 100%. Efficient
Delivery of Gene Silencing Therapeutics This disclosure relates generally
to novel compounds and compositions, as well as methods and uses thereof,
for delivery of biologically active agents and drug agents. The compounds
and compositions of this disclosure are useful for delivery of therapeutic
agents to selected cells, tissues, organs or subjects. More particularly,
this disclosure relates to the delivery of therapeutic agents, including
nucleic acid agents, and methods for making and using materials containing
peptides to effect delivery of biologically active agents and drug agents.
This disclosure provides a range of compounds, compositions, methods and
uses for efficient systemic and local delivery of drugs and biologically
active molecules. 



Efficient delivery can be provided by a high degree of loading of an active
agent into liposomes using various carrier molecules including peptides.
The compounds and compositions of this disclosure can achieve a high
efficiency of delivery of an active agent. One measure of the efficiency of
delivery is the delivery efficiency ratio. As used herein, the delivery
efficiency ratio is the ratio of the total mass of carrier molecules to the
mass of the active agent. The lower the delivery efficiency ratio, the less
is the mass of carrier material compared to active agent, and the less is
the potential for unwanted toxicity and side effects. As used herein, a
lower delivery efficiency ratio is more advantageous and desirable. This
invention relates generally to the fields of carriers and formulations for
delivery of nucleic acids. Carriers for nucleic acids include compounds and
compositions formed with peptide components including crosslinkable and
cleavable peptide structures. More particularly, this invention provides
crosslinkable peptide structures and cleavable peptide structures which
bind with a nucleic acid to form complexes or condensate compositions.In
some embodiments, this disclosure provides complexes formed from a peptide
and a nucleic acid. These complexes include core structures having a
complex of a peptide and a nucleic acid, and core structures having various
layers of peptides and nucleic acids. Peptides suitable for forming a
complex of this invention with a nucleic acid include any cationic peptide.
In some aspects, a complex, condensate, or nanoparticle of a peptide and a
nucleic acid may be loaded into a liposomal formulation. Liposomal
formulations of this disclosure can provide stable delivery systems for
biologically active agents and drug agents, in particular, nucleic acid
agents. In some respects, the compositions and formulations of this
disclosure can provide biological activity with reduced toxicity. Methods
of using the carriers, peptides, nucleic acid constructs or complexes with
peptides, and formulations of this disclosure in altering gene expression
or activity are also provided, optionally in combination with
cell-targeting components and other pharmaceutical formulation components.
This invention provides a range of carrier compositions for delivering a
biologically active agent to a cell. More particularly, this disclosure
provides a range of carrier structures that are nanometer scale in size
having a nucleic acid agent condensed into small particles. The carrier
particles can have increased stability in delivery, and can efficiently
deliver an active agent. Formulations of carrier particles loaded into
liposomes can provide increased stability and delivery efficiency. The
novel compounds and compositions of this disclosure can achieve a range of
advantageous delivery efficiency ratios. In some embodiments, the
compositions of this invention provide a delivery efficiency ratio for an
RNAi-inducing agent of less than fifteen, or less than ten. The
compositions and methods of this disclosure may be useful for delivery of
therapeutic, prophylactic, and diagnostic agents such as nucleic acids,
polynucleotides, peptides, proteins, and small molecule compounds and
drugs. These compositions may include nanoparticles of various diameters.
This disclosure provides novel compounds, compositions and formulations for
intracellular and in vivo delivery of an active agent for use, ultimately,
as a therapeutic, which in general maintain cytoprotection and relatively
low toxicity. The compounds and compositions of this disclosure are useful
for delivery of active agents to selected cells, tissues, organs or
compartments in order to alter a disease state or a phenotype.In some
aspects, this disclosure provides compounds, compositions and methods to
deliver RNA structures to cells to produce the response of RNA
interference, antisense effects, or the regulation or modulation of genomic
expression. In some variations, this disclosure provides compounds,
compositions and methods to deliver DNA structures or DNA-containing
materials to cells. As used herein, the term "peptide nucleic acid complex"
refers to a peptide bound or complexed to a nucleic acid. Efficient
delivery of RNAi-inducing and antisense agents In some aspects, the
compositions and methods of this invention provide efficient delivery of an
active agent by providing carrier particles having a high concentration or
density of the active agent molecules. The carrier particles can be loaded
into liposomes to provide a high concentration or density of the active
agent molecules in a pharmaceutical formulation. In certain aspects, the
compositions and methods of this invention provide formulations of an
RNAi-inducing agent or an antisense agent having a range of delivery
efficiency ratios. A formulation for an RNAi-inducing agent or an antisense
agent of this disclosure may advantageously have a delivery efficiency
ratio of less than fifteen, or less than twelve, or less than ten, or less
than nine, or less than eight, or less than five. In certain embodiments,
efficient delivery can be achieved using a carrier particle composed of a
nucleic acid agent condensed with a cationic peptide. For example, based on
the charges of the cationic peptides combined with a nucleic acid agent
such as an RNAi-inducing agent or an antisense agent, the carrier particle
can include structures in which up to six or more peptide binding regions
may bind to an active RNA agent. In some variations, in a formulation
containing carrier particles composed of a nucleic acid agent, such as an
RNAi-inducing agent or an antisense agent, loaded into liposomes, the
liposomes may have over 500, or over 1,000, or over 5,000, or over 6,000,
or over 7,000, or over 8,000, or over 9,000, or over 10,000 or more copies
of the RNAiinducing agent or antisense agent molecules per particle. For
example, in some aspects, for spherical particles having an N:P of 2, a
density of 1 g/cc, a particle volume of 1.26x10 nm3, composed of peptide
having MW 3781.2 (net 7 cationic charges) and duplex RNA having MW 13,500
(net 40 anionic charges), the mass of a particle is 1.26xlO 9 micrograms,
and the particle has 11.4 peptides per duplex RNA. In this example, the
delivery efficiency ratio is the ratio of the mass of peptide to the mass
of the RNA which is 3.2. The fraction of the mass of the particle
represented byRNA is 0.24, the number of duplex RNA molecules in the
particle is 13,369, and the 



number of peptide molecules per particle is 1.53 xlO5. In other words, a
formulation containing these carrier particles and no additional carrier
molecules would have a delivery efficiency ratio of 3.2 and an RNAi-agent
mass fraction loading of 24% based on the particles. Liposomal formulations
In some aspects, the carrier particles of this invention may be loaded or
encapsulated in a liposomal formulation. For example, in some embodiments,
carrier particles may be delivered as encapsulated in a liposomal
formulation such as disclosed in U.S. Pat. Application No. 12/1 14,284. In
certain embodiments, a pharmaceutical formulation of carrier particles of
this invention delivered as encapsulated in a liposomal formulation may
increase the payload of a duplex RNA by 20-fold compared to a liposomal
formulation of the RNA without the peptide carrier particle composition of
this invention. For example, in some embodiments, a pharmaceutical
formulation of carrier particles of this invention delivered as
encapsulated in a liposomal formulation may decrease the amount of carrier
mass by 45% compared to a liposomal formulation of the RNA without the
peptide carrier particle composition of this invention. In some
embodiments, a pharmaceutical formulation of carrier particles for an RNA
agent includes a peptide-containing delivery system which uses peptides in
delivering nucleic acids. This system can increase the payload of RNA agent
which can be incorporated into a liposomal formulation. Using a
peptide-containing nanoparticle, the efficiency of delivery may be
enhanced, as well as the tissue distribution pattern of the delivery
system. In some embodiments, the delivery system may demonstrate an
increase in RNA payload up to 20-fold per liposomal particle, while
reducing the total amount of carrier excipients by approximately 45
percent. In some variations, the system may achieve a 30% reduction in RNA
agent dose as compared to a liposomal formulation without peptides, for
example, as measured by in vivo knockdown of ApoB, while maintaining 85%
knockdown in mouse liver and knockdown in mouse jejunum. Thus, a
pharmaceutical formulation of carrier particles of this invention may
significantly improve the delivery efficiency of an RNA agent, such as an
siRNA, mdRNA, or an antisense agent.Carrier nanoparticles In some
embodiments, carrier particles of this invention can be prepared as
described in U.S. Pat. Application No. 61/106,062, filed October 16, 2008.
The carrier particles of this disclosure are generally of uniform particle
size. The carrier particle size may be about 300 nm in diameter or less, or
about 250 nm or less, or about 200 nm or less, or about 180 nm or less, or
about 160 nm or less, or about 150 nm or less, or about 140 nm or less, or
about 130 nm or less, or about 120 nm or less, or about 110 nm or less, or
about 100 nm or less, or about 90 nm or less, or about 80 nm or less, or
about 70 nm or less. The active agent carrier particles of this disclosure
may have a range of particle sizes, for example, from about 50 nm to about
500 nm, or from about 60 nm to about 400 nm, or from about 70 nm to about
300 nm, or from about 70 nm to about 200 nm, or from about 70 nm to about
160 nm, or from about 80 nm to about 160 nm. In some embodiments, the
active agent carrier particles of this disclosure may be negatively
charged. For example, carrier particles composed of an RNAi-agent and a
cationic peptide may be condensed so that the particles retain a negative
charge. In some embodiments, the active agent carrier particles of this
disclosure may be positively charged. For example, carrier particles
composed of an RNAi-agent and a cationic peptide may be condensed so that
the particles acquire a positive charge. Carriers and peptide binding
regions In some aspects, carrier compounds and compositions of this
disclosure may be formed with peptide components that condense with a
biologically active nucleic acid component by binding to the nucleic acid
to form particles of nanometer dimensions. In some embodiments, peptides
suitable for carrier compositions of this disclosure are described in U.S.
Pat. Application No. 61/1 16,258, filed November 19, 2008. A carrier may be
formed when one peptide having one or more binding regions binds to a
nucleic acid. In certain variations, more than one cationic binding region
of a peptide may bind to the same or different nucleic acid molecules. The
crosslinkable and cleavable peptide structures of this disclosure may
advantageously have a plurality of cationic residues which are distributed
along the peptide chain in one or more binding regions. Variation of the
number and distribution of cationic residues can be used vary the strength
of binding of the peptide to an active agent.Peptides of this invention
include a cationic peptide having a binding region with sufficient positive
charge to bind to a nucleic acid and one or more linker groups. A binding
region of a peptide of this invention may have sufficient positive charge
to bind to a nucleic acid. Linker groups can link to each other to
crosslink two or more peptides into a single molecule. Peptides capable of
condensing with an active nucleic acid agent to form a carrier particle of
this disclosure may have sufficient positive charge to bind to a nucleic
acid and sufficient linker groups to form a self-crosslinked construct that
includes a bound nucleic acid. This disclosure provides peptides having
sufficient positively-charged residues to bind to a nucleic acid, and being
capable of forming a crosslinked peptide. In some embodiments, the
biologically active agent is a nucleic acid agent which can bind with a
cationic peptide. A nucleic acid agent may bind one, two, three, four,
five, or six peptides, or more, to form a complex. A condensate particle
may be formed by aggregation and binding of nucleic acid-peptide complexes.
In some embodiments, a nucleic acid agent may bind portions of more than
one peptide such that the peptide attaches to more than one nucleic acid
agent. Carrier structures or constructs can be formed by admixing a
crosslinkable or cleavable peptide of this invention with a biologically
active agent to which the peptide 



binds. Binding of the peptide to the agent can be performed at the same
time as crosslinking of the peptide occurs, or before or after the peptides
are crosslinked. In some aspects, the carrier is a crosslinked peptide
construct which may be a condensate of a peptide and a nucleic acid. The
condensate may form a carrier particle of nanometer dimension which can
incorporate a biologically active agent such as a nucleic acid.
Crosslinkable peptides In some embodiments, the crosslinkable peptides of
this invention may contain a crosslinkable terminal residue or group. For
example, a crosslinkable peptide may have a single terminal cysteine
residue which may crosslink by forming an interpeptide disulfide bond
resulting in dimers of the peptide. In some variations, the peptides may
contain one or more sulfhydryl groups which can crosslink to form a
multimeric peptide construct which binds to, and may be a carrier for a
biologically active agent.In some embodiments, a crosslinkable group may
form a cleavable crosslink that may be cleaved at low pH or may be cleaved
by the action of a protein or enzyme. Examples of cleavable crosslinks
include chemically-cleavable acid labile crosslinks and enzyme-cleavable
crosslinks. Examples of crosslinkable groups include organic groups having
up to 1000 atoms, a bifunctional linker, a bifunctional crosslinker, and a
heterobifunctional linker. The crosslinkable groups may be substituents of
a peptide residue, or may be attached at the terminus of the peptide. In
certain embodiments, crosslinkable peptide structures include peptides
having crosslinkable groups at each terminus. In some variations,
crosslinkable peptide structures include dimers, trimers, and multimers of
peptides having crosslinkable groups at each terminus. Cleavable peptides
In some aspects, this disclosure provides cleavable peptides containing an
internal cleavable linker group located between portions of a peptide
sequence. In some embodiments, a cleavable peptide may have two cationic
binding regions linked together by a cleavable group. The cleavable group
may be cleaved to detach various binding regions of the peptide from each
other. The cationic binding regions may bind to a biologically active agent
such as a nucleic acid. In some variations, cleavage of the linker group of
the peptide to detach the binding regions can allow more rapid dissociation
of a peptide from a biologically active agent compared to a peptide that
would not be cleaved. An intracellularly-cleavable linker may be cleaved by
chemical reduction, or by the action of various proteins or enzymes in the
intracellular environment. Condensate particles and releasable forms
Compounds and compositions of this disclosure include condensate particles
or carriers composed of one or more peptide components and one or more
active agents. In general, condensate particles formed with a peptide and
an active agent may be anionic, neutral, or cationic. For delivery of the
carrier particles in vivo, a neutral or cationic form may be preferred. A
condensate particle may be referred to as a core particle.In some
embodiments, a condensate particle may be formed with a first portion of a
crosslinkable peptide and an active agent. One or more additional layers of
the same or different crosslinkable peptide may be added to the particle.
In some variations, a condensate particle may be formed with a first
portion of a cleavable peptide and an active agent. One or more additional
layers of the same or different cleavable peptide may be added to the
particle. In certain embodiments, a condensate particle may be formed with
a first portion of a cleavable peptide and an active agent. One or more
additional layers of a crosslinkable peptide may be added to the particle.
In some variations, a condensate particle may be formed with a first
portion of a crosslinkable peptide and an active agent. One or more
additional layers of a cleavable peptide may be added to the particle. In
some embodiments, a condensate particle that is anionic may be formed with
a first portion of a crosslinkable or cleavable peptide and an active
nucleic acid agent. An additional layer or layers of a cationic
crosslinkable or cleavable peptide may be added to the anionic particle to
form a neutral or cationic carrier particle. In certain variations, a
condensate particle that is anionic may be formed with a first portion of a
crosslinkable or cleavable peptide and an active nucleic acid agent. An
additional layer or layers of a cationic crosslinkable or cleavable peptide
may be added to the anionic particle to form a neutral or cationic carrier
particle. An additional layer or layers of an anionic endosomolytic
compound may be added to the neutral or cationic carrier particle to form a
layered neutral or cationic carrier particle. In some aspects, the active
agents may be one or more drug compounds, one or more antisense agents, one
or more RNAi-inducing agents, or one or more DNAcontaining agents. In some
embodiments, a composition or formulation of this disclosure may be
prepared by loading condensate particles or layered carrier particles into
cationic liposomes. In some embodiments, the compositions and methods of
this disclosure may provide delivery of therapeutic agents in releasable
forms or compositions. Releasable forms and compositions include molecules
that bind and release an active agent, molecules that bind an active agent
and discharge a moiety that assists in release of the agent, molecules that
bind an active agent and are subsequently modulated in form withina
biological compartment to assist in release of the agent, and compositions
containing molecules that bind an active agent admixed with a release
mediator compound. As used herein, releasable forms include those
containing a crosslinkable or cleavable peptide of this disclosure, or a
form containing an endosomolytic compound or material. 



A condensate or carrier particle may contain a cleavable peptide structure
or matrix. Cleavage of a peptide structure can be triggered by certain
events such as entry of the carrier into a biological environment or
compartment containing a compound which can cleave the peptide crosslinks.
Cleavage of peptide linker groups can occur intracellularly in the cytosol
or in various cellular or extracellular compartments. Cleavage of disulfide
peptide linker groups can be done chemically, for example, by reduction of
the disulfide with tris(2-carboxyethyl) phosphine hydrochloride (TCEP),
dithiothreitol (DTT), or mercaptoethanol. In certain embodiments, a
disulfide reductase may be used to cleave peptide disulfide bonds. Once
within a cell, disulfide crosslinks may be reduced, thereby releasing an
active agent for efficient delivery. The environment of the endosome is
believed to be reducing and to mediate disulfide reduction and release of
the active agent. Release within a cell can occur by disruption or cleavage
of the peptide crosslinks, as well as by dissociation of the biologically
active agent from the peptide. The peptides and peptide constructs of this
invention may advantageously contain one, two, or more binding regions
having one or more positively-charged amino acid residues. The binding
regions can be attached in a chain where one positively-charged binding
region is cleavably-linked to the next binding region by a cleavable
crosslink. The cationic regions may serve as binding regions for an active
agent, such as a nucleic acid agent, and several cationic regions may bind
to the same active agent to cooperatively attach the peptide to the active
agent. In certain embodiments, a releasable form of this disclosure
includes a condensate particle of a peptide and a nucleic acid, where the
peptide component includes crosslinks that can be cleaved to effect release
of the nucleic acid. Cleavage of linker groups of the peptides may be
triggered by a change in the environment of the peptide such as would occur
in transport from extracellular to intracellular domains, or during
endocytosis or uptake and delivery of endosomes by cells.Examples of
cleavable linkers for peptides include acid-cleavable groups such as
hydrazone which may be cleaved during endocytosis or through intracellular
interaction with lysosomes. In some embodiments, release of the active
agent may be provided by an acidlabile linker. Examples of acid-labile
linkers include linkers containing an orthoester group, a hydrazone, a
cis-acetonyl, an acetal, a ketal, a silyl ether, a silazane, an imine, a
citriconic anhydride, a maleic anhydride, a crown ether, an azacrown ether,
a thiacrown ether, a dithiobenzyl group, a cis-aconitic acid, a
cis-carboxylic alkatriene, methacrylic acid, and mixtures thereof. Examples
of acid-labile groups and linkers are given in U.S. Patent Nos. 7,098,032;
6,897,196; 6,426,086; 7,138,382; 5,563,250; and 5,505,931. Examples of
cleavable linkers for peptides include Cathepsin-cleavable linkers such as
Val-Cit which may be cleaved by intracellular Cathepsins. Examples of
substrate sequences for Cathepsin B, D, and L are shown in Tables 1, 2, and
3, respectively. Cleavable linkers include di-, tri-, and tetrapeptide
subunits of Cathepsin B, D, and L substrates (P2-P2').CONVERSION OF CO-FED
METHANE AND LOW HYDROGEN CONTENT HYDROCARBON FEEDSTOCKS TO ACETYLENE
Inventors: Paul F. Keusenkothen and Frank Hershkowitz PRIORITY CLAIM [0001]
This application claims priority to and the benefit of USSN 12/323,132 ,
filed November 25, 2008. FIELD OF THE INVENTION [0002] This invention
pertains to conversion of low hydrogen content hydrocarbons such as coal by
blending with methane and treating the resulting blend in a partial
oxidation reactor utilizing oxygen as a cofeed, to produce acetylene.
BACKGROUND [0003] Conventional steam crackers are known as an effective
tool for cracking highquality feedstocks that contain a large fraction of
volatile hydrocarbons, such as ethane, gas oil, and naphtha. Regenerative
pyrolysis reactors are also known and conventionally used for converting or
cracking and to execute cyclic, high temperature chemistry such as those
reactions that may be performed at temperatures higher than can suitably be
performed in conventional steam crackers. Regenerative reactor cycles
typically are either symmetric (same chemistry or reaction in both
directions) or asymmetric (chemistry or reaction changes with step in
cycle). Symmetric cycles are typically used for relatively mild exothermic
chemistry, examples being regenerative thermal oxidation ("RTO") and
autothermal reforming ("ATR"). Asymmetric cycles are typically used to
execute endothermic chemistry, and the desired endothermic chemistry is
paired with a different chemistry that is exothermic (typically combustion)
to provide heat of reaction for the endothermic reaction. Examples of
asymmetric cycles are Wulff cracking, Pressure Swing Reforming, and other
regenerative pyrolysis reactor processes. Regenerative pyrolysis reactors
are generally known in the art as being capable of converting or cracking
hydrocarbons. However, they have not achieved commercial or widespread use
for hydrocarbon conversion, due at least in part to the fact that they have
not scaled well to an economical size. This failure is in large part due to
the inability of the equipment to adequately control and contend with the
very high temperatures and the way that fuel and oxidant are combined
during the regeneration or heating stage of the process. The high
temperatures are difficult to position and contain for extended periods of
time and lead to premature equipment failure. A solution was proposed in a
patentapplication filed in the U.S.P.T.O., on December 21, 2006, entitled
"Methane Conversion to Higher Hydrocarbons," (2006EM215US), Serial No.
11/643,541 related primarily to methane feedstocks for pyrolysis systems,
utilizing an inventive deferred combustion process with a reverse-flow
reactor system. U.S. Patent Application Serial No. 60/933,044, filed June
4, 2007 (2007EM 15OPRV), entitled "Pyrolysis Reactor Conversion of
Hydrocarbon Feedstocks into Higher Value Hydrocarbons," teaches removing
nonvolatiles from a pyrolysis feed prior to its introduction to the
pyrolysis reactor, wherein fuel and oxygen are added in a first reactor to
provide heat to a second reactor in which a hydrocarbon feed is pyrolyzed.
U.S. 



Application Serial No. 60/933,01 1, filed June 4, 2007 (2007EM151PRV),
entitled "Conversion of Co-Fed Methane and Hydrocarbon Feedstocks into
Higher Value Hydrocarbons," teaches removing nonvolatiles from a pyrolysis
feed to provide a vapor phase which is fed with methane to a pyrolysis
reactor system to provide acetylene. All of the foregoing U.S. patent
applications are incorporated herein by reference in their entirety. [0004]
As with steam crackers, regenerative pyrolysis reactors are well suited for
volatized or volatizable feedstocks that are substantially free of
nonvolatile components, such as metals and other residual or nonvolatizable
components, which would otherwise lay down and build up in the reactor as
ash. Pyrolysis reactors typically operate at higher temperatures than steam
crackers. [0005] Typically, regenerative reactors include a reactor bed or
zone, typically comprising some type of refractory material, where the
reaction takes place within the reactor system. Conventional regenerative
reactors typically deliver a stream of fuel, oxidant, or a supplemental
amount of one of these reactants, directly to a location somewhere within
the flow path of the reactor bed. The delivered reactants then are caused
to exothermically react therein and heat the reactor media or bed.
Thereafter, the reacted reactants are exhausted and a pyrolysis feedstock,
such as a hydrocarbon feed stream, preferably vaporized, is introduced into
the heated region of the reactor media or bed, and exposed to the heated
media to cause heating and pyrolysis of the reactor feedstock into a
pyrolyzed reactor feed. The pyrolyzed reactor feed is then removed from the
reaction area of the reactor and quenched or cooled, such as in a quench
region of the reactor system, to halt the pyrolysis reaction and yield a
pyrolysis product. Such an arrangement requires a dedicated fuel to heat
the reactor bed, which fuel is separate from the feed which is to be
pyrolyzed and so introduces additional complexity to the operation.[0006]
"On the Mechanism of Carbonisation of Benzene, Acetylene and Diacetylene at
12000C", Kinney, C. R. & Slysh, R. S. 1960 Proc. 4th Carbon Conference,
Pergamon Press, at p. 301 et seq., teaches conversion of methane at
reasonable yields to acetylene and ethylene through methyl radical and
hydrogen radical intermediates at 20000C. Heavier hydrocarbons can be
converted to acetylene and syngas at temperatures above 20000C, but if
their hydrogen content is low, the reaction yields significant coke.
Benzene with hydrogen content of less than 8% yields only 18 wt% C2, and 70
wt% carbon at 70% conversion, 12000C, and 56 milliseconds. The reaction is
preferentially carried out in the presence of hydrogen (hydropyrolysis) to
further reduce soot formation for aromatic feeds. [0007] Garifzyanova and
Garifzyanov report in the "Pyrolysis of Resid by the Plasma Chemical
Method," Chem. Tech. Fuels & Oils 42, p. 172 (2006) that pyrolyzing vacuum
resid feed containing 10% atomic hydrogen content with a hydrogen methane
plasma acting as a hydrogen donor improves C yields in the product. The
plasma generates hydrogen radicals. [0008] Heavy hydrocarbon liquids can be
used in feedstocks for thermal cracking, as well as solid hydrocarbonaceous
materials. U.S. Patent 4,536,603 to Sprouse et al, whose contents are
incorporated herein by reference in their entirety, discloses a process for
reacting coal with a hot gas stream to produce acetylene by reacting fuel,
oxygen and steam to provide a hot gas stream that is accelerated and
impinged upon a stream of particulate bituminous or subbituminous coal, and
the resulting mixture decelerated to produce a product stream. The
acceleration and deceleration can be carried out in a convergent-divergent
nozzle. U.S. Patent 4,256,565 to Friedman et al., whose contents are
incorporated herein by reference in their entirety, teaches the production
of olefins from low hydrogen content heavy hydrocarbons containing
aromatics such as petroleum residua, asphalts and heavy gas oils. Hydrogen
and oxygen are reacted in a first reaction zone to provide a heated gas
stream of hydrogen and water at 1000 to 20000C which is reacted with
sprayed hydrocarbon feed to provide within 2 milliseconds a reaction
mixture of 800 to 18000C which is maintained for 1 to 10 milliseconds to
form enhanced yields of olefins and then quenched. U.S. Patent 6,365,792 to
Stapf et al., whose contents are incorporated herein by reference in their
entirety, discloses the preparation of acetylene and synthesis gas by
thermal treatment of a starting mixture, e.g., methane, higher hydrocarbons
and molecular oxygen which mixture is heated to a maximum of 14000C,
brought to reaction in a reactor and cooled, with less solid carbon being
formed. U.S. Patent 4,264,435 to Read et al., whose contents are
incorporated herein by reference intheir entirety, teaches cracking crude
oil in an adiabatic reactor utilizing a partial combustion zone generating
hydrogen, carbon monoxide, carbon dioxide, and water. Injection of
superheated or shift steam into the burner or combustion gases produces
more carbon dioxide and hydrogen by the shift reaction, and subsequent
injection of crude oil enhances olefins and aromatics production while
minimizing coking. Heavy oils generated by the process can be used as fuel
for the partial combustion burner. Such low hydrogen content hydrocarbon
materials when converted at reasonable yields to acetylene and ethylene at
temperatures below 14000C result in significant coke formation. [0009] U.S.
Patent 5,068,486 to Han et al. reveals a partial oxidation process that
operates at very high pressure (20-100 atm), necessitating very high
compression costs. The conversion of methane, which is the hydrocarbon
feed, is reported as 12.6%, with hydrocarbon selectivity of 32%. The
overall conversion of methane to ethylene, acetylene, and propane were
1.4%, 0.4% and 0.1%, respectively. U.S. Patents 5,886,056 and 5,935,489 to
Hershkowitz et al. teach a multi-nozzle design for feeding a partial
oxidation reactor. The multiple nozzles allow introduction of a pre-mix of
oxidant and fuel at the burner face so that these gases are premixed and of
uniform composition. [0010] It would be highly desirable to provide a
process which is suited not only to pyrolysis of heavy liquid feeds
containing non-volatiles, but also to other low hydrogen content
hydrocarbons including hydrocarbonaceous solids, e.g., coal. Moreover, it
would be desirable to carry out such a process utilizing the
hydrocarbonaceous feed itself or a component thereof as a source of heat to
effect the pyrolysis, in such a way as to minimize coke and tar formation.
SUMMARY [0011] The present invention provides a process for preparing
acetylene from low hydrogen content hydrocarbons, including coal, by mixing
with methane to form a blended mixture of increased hydrogen content and
partially combusting the blend in a reactor in the presence of a source of
oxygen to form a heated partially combusted mixture at or above a 



temperature sufficient to produce methyl radicals and maintaining the
mixture for time sufficient to produce acetylene without substantial coke
and tar formation. [0012] In one aspect, the present invention relates to a
process for producing acetylene by pyrolysis from a feed stream of
hydrocarbons containing less than about 12 wt% atomic hydrogen, the process
comprising: (a) blending the hydrocarbons containing less than about 12 wt%
atomic hydrogen with methane to provide a blended mixture containing at
least about12.5 wt% atomic hydrogen; (b) partially combusting the blended
mixture in a reactor in the presence of a source of oxygen, the oxygen
being provided in an amount less than the stoichiometric amount required to
combust with all of the blended mixture to provide a partially combusted
mixture at or above a temperature sufficient to produce methyl radicals;
(c) maintaining the partially combusted mixture in the substantial absence
of oxygen at or above the temperature for a residence time sufficient to
convert the mixture to a product stream containing enhanced yields of
acetylene without significant formation of coke and/or coke precursors; (d)
cooling the product stream to reduce the temperature of the product stream
within no greater than 100 milliseconds to substantially arrest any
pyrolysis reactions and provide a cooled product stream; and (e) recovering
acetylene from the cooled product stream. [0013] In an embodiment of this
aspect of the invention, at least a portion of acetylene derived from the
cooled product stream is converted to ethylene by hydrogenation. [0014] In
certain embodiments of this aspect of the invention, the cooling is carried
out by passing the product stream through at least one of a) a
convergent-divergent nozzle, b) a gas turbine expander, c) an indirect heat
exchanger, d) a direct liquid quench zone, and e) an endothermic reactant
addition zone. In one embodiment, the cooling is carried out by passing the
product stream through a convergent-divergent nozzle in which the product
stream is accelerated to a velocity of at least about 150 meters per second
and decelerated to a velocity no greater than about 100 meters per second
in the converging-diverging nozzle. In a particular embodiment, the product
stream is accelerated to a velocity ranging from about 150 to about 1220
meters per second and decelerated to a velocity ranging from about 45 to
about 100 meters per second, the product stream being cooled in less than
about 2 milliseconds, to provide a cooled product stream of no greater than
about 2600C. In yet another embodiment of this aspect of the invention, a
quench liquid is introduced between the convergent and divergent sections
of the nozzle. The quench liquid in the direct liquid quench zone can be
selected from water and hydrocarbon. In an embodiment wherein the cooling
is carried out by passing the product stream through an endothermic
reactant addition zone, ethane can be added to the endothermic reactant
addition zone. [0015] In another embodiment of this aspect of the
invention, the partially combusted mixture is maintained at or above 16000C
for a residence time of no greater than about 100 milliseconds, and,
optionally, the product stream is cooled in less than about 10
milliseconds, to provide a cooled product stream of no greater than about
482C. Typically, the partiallycombusted mixture is maintained at or above
20000C for a residence time of no greater than about 50 milliseconds, the
product stream is accelerated to a velocity ranging from about 150 to about
1220 meters per second and decelerated to a velocity ranging from about 45
to about 100 meters per second and the product stream is cooled in less
than about 2 milliseconds, to provide a cooled product stream of no greater
than about 2600C. The partially combusted mixture can be maintained at or
above 20000C for a residence time ranging from about 2 to about 30
milliseconds. [0016] In another embodiment of this aspect of the invention,
step (c) is carried out in the presence of sufficient hydrogen to reduce
formation of coke or coke precursors beyond that produced in the absence of
hydrogen. [0017] In still another embodiment of this aspect of the
invention, the feed stream of hydrocarbons is selected from the group
consisting of aromatic feed, gas oils, cracked gas oils, crude, atmospheric
resid feed, vacuum resid feed, tars, heavy feed containing pitch, and coal.
The feed stream of hydrocarbons can comprise coal particles having a median
particle size of less than about 100 microns in diameter, say, e.g., less
than about 75 microns in diameter, say, from about 10 to about 60 microns
in diameter. Typically, the feed stream of hydrocarbons contains less than
about 11 wt% atomic hydrogen, e.g., less than about 8 wt % atomic hydrogen.
[0018] In yet still another embodiment of this aspect of the invention,
syngas is also recovered from the cooled product stream. [0019] In still
yet another embodiment of this aspect of the invention, ethylene is
recovered from the cooled product stream. [0020] In another embodiment of
the invention, at least a portion of the product stream containing
acetylene can be converted to ethylene by hydrogenation, typically using
vapor phase or liquid phase hydrogenation technology. [0021] In another
embodiment of this aspect of the invention, the partially combusted mixture
is provided at or above a temperature sufficient to produce methyl radicals
and hydrogen radicals. [0022] In another aspect, the present invention
relates to an apparatus for producing acetylene by pyro lysis from a feed
stream of hydrocarbons containing less than about 12 wtl% atomic hydrogen,
the apparatus comprising: (a) a mixing zone for blending the hydrocarbons
containing less than about 12 wt% atomic hydrogen with methane to provide a
blended mixture containing at least about 12.5 wt% atomic hydrogen; (b) a
partialcombustion zone for partially combusting the blended mixture
comprising a source of oxygen, the oxygen being provided in an amount no
greater than 50 wt% of the stoichiometric amount required to fully combust
all of the blended mixture and capable of providing a partially combusted
mixture at or above a temperature sufficient to provide methyl radicals;
(c) a pyrolysis zone for maintaining the partially combusted mixture in the
substantial absence of oxygen at or above the temperature for a residence
time sufficient to produce a product stream containing enhanced yields of
acetylene without significant formation of coke or coke precursors; (d) a
cooling zone for cooling the product stream in no greater than 100
milliseconds to substantially arrest any cracking reactions and provide a
cooled product stream; and (e) a recovery zone for recovering acetylene
from the cooled product stream. [0023] In one embodiment of this aspect of
the invention, the apparatus further comprises: f) a hydrogenation zone for
hydrogenating at least a portion of acetylene from the 



cooling zone or recovery zone for conversion to ethylene. [0024] In another
embodiment of this aspect of the invention, the cooling zone comprises at
least one of 1) a convergent-divergent nozzle, 2) a gas turbine expander,
3) an indirect heat exchanger, 4) a direct liquid quench zone, and 5) an
endothermic reactant addition zone. BRIEF DESCRIPTION OF THE DRAWING [0025]
Figure 1 is a simplified schematic illustration of the partial combustion
process and reactor system according to the present invention. DETAILED
DESCRIPTION [0026] The term "convert" is defined broadly herein to include
any molecular decomposition, cracking, breaking apart, conversion, and/or
reformation of organic molecules in the hydrocarbon feed, by means of at
least pyrolysis heat, and may optionally include supplementation by one or
more of catalysis, hydrogenation, diluents, and/or stripping agents. [0027]
For present purposes, the term "pyrolysis" relates to the chemical
decomposition of organic materials by heating in the absence of oxygen or
any other reagents, except possibly steam. Pyrolysis can occur in the
absence of water (anhydrous pyrolysis) or in the presence of water (hydrous
pyrolysis). Pyrolysis typically occurs under pressure and at operating
temperatures above 4300C (8000F). In practice, it is not possible to
achieve a completely oxygen-free atmosphere. Because some oxygen is present
in any pyrolysis system, a small amount of oxidation typically
occurs.[0028] The low hydrogen content feed stream of hydrocarbons treated
in accordance with the present invention contains less than about 12 wt%
atomic hydrogen, based on the weight of hydrogen atoms in the hydrocarbons,
compared to the overall weight of the hydrocarbons. The hydrogen content of
feeds, reactants and products for present purposes can be measured using
any suitable protocol, e.g., ASTM DlOl 8 - 00(2005) Standard Test Method
for Hydrogen in Petroleum Fractions. Testing the hydrogen content of
hydrocarbonaceous solids, e.g., coal, can be carried out using ASTM D5373 -
08 Standard Test Methods for Instrumental Determination of Carbon,
Hydrogen, and Nitrogen in Laboratory Samples of Coal. [0029] Examples of
the low hydrogen content hydrocarbon feedstocks include one or more of
steam cracked gas oil and residues, gas oils, heating oil, jet fuel,
diesel, kerosene, gasoline, coker naphtha, steam cracked naphtha,
catalytically cracked naphtha, hydrocrackate, reformate, raffinate
reformate, distillate, crude oil, atmospheric pipestill bottoms, vacuum
pipestill streams including bottoms, wide boiling range naphthas, heavy
non-virgin hydrocarbon streams from refineries, vacuum gas oil, heavy gas
oil, naphtha contaminated with crude, atmospheric resid, heavy residuum, C4
s/residue admixture, condensate, contaminated condensate, naphtha residue
admixture and mixtures thereof. The low hydrogen content hydrocarbon
feedstock may have a nominal end boiling point of at least 4000F (2040C),
(e.g., greater than or equal to 4000F, such as in excess of 12000F and even
in excess of 15000F) and will commonly have a nominal end boiling point of
at least 5000F (2600C). Some preferred hydrocarbon feedstocks include crude
oil, atmospheric resids, contaminated condensate, and gas oil distillates,
tars, fuel oils and cycle oils. Such heavier, more aromatic feeds are
typically lower cost, per unit weight, but may yield lower acetylene and
ethylene yields and higher carbon or tar yields. Especially preferred feeds
include aromatic feed, gas oils, cracked gas oils, crude, atmospheric resid
feed, vacuum resid feed, tars, and heavy feed containing pitch. Due to the
high aromatic content of the heavier feeds, the feeds have low hydrogen
content (typically less than about 8 wt% atomic hydrogen content). During
pyrolysis, the hydrogen deficient feeds may form tar, coke, or soot. [0030]
The invention is also suitable for other carbonaceous fluid or finely
divided solid fuels which can be partially combusted, such as lignite,
pulverized wood, bitumen, soot, petroleum coke, and coal. For present
purposes, the coal can be a particulate coal having a median particle size
less than about 100 microns and preferably less than about 75 microns.
While the coal can come from any suitable source, it is preferred that the
coal be selectedfrom the group consisting of bituminous and subbituminous
coals which are believed to provide higher yields of acetylene. The coal
can be ground such that 80 wt% will pass through a 200 mesh screen,
providing a coal with median particle size of less than about 75 microns.
[0031] Methane, including a methane-containing feed, may be blended (e.g.,
mixed, commingled, introduced, fed into, or otherwise combined) into the
low hydrogen content feed stream at a point upstream of or within the
location at which partial combusting occurs. A convenient place for
introduction of the methane-containing feed may be a transfer line. If the
methane source is a hydrocarbon stream that comprises methane, the stream
should comprise at least 10 weight percent methane, preferably at least 30
weight percent methane, and more preferably at least fifty weight percent
methane. Other alkanes, such as ethane, may also be present. Methane is
blended with the low hydrogen content feed stream of hydrocarbons in an
amount sufficient to provide a blend with an overall atomic hydrogen
content of at least about 12.5 wt%, preferably at least about 14 wt%, e.g.,
at least about 15 wt%. Preferred methane to low hydrogen content
hydrocarbon feed weight ratios may range from about 0.1 to about 2, say,
from about 0.2 to about 1.0. [0032] The blended mixture containing methane
and low hydrogen content hydrocarbon feed stream can include substantially
any other hydrocarbon co-feed material that undergoes endothermic
reforming, such as reforming to acetylene, including natural gas mixtures,
other petroleum alkanes, petroleum distillates, kerosene, jet fuel, fuel
oil, heating oil, diesel fuel and gas oil, gasoline, and alcohols. A
preferred co-feed may be a hydrocarbon component that may function as a
hydrogen donor diluent, such as tetralin, and dihydroanthracene,
hydropyrene, or hydrotreated steam cracked tar oils. Preferably, the feed
will be in a vapor or gaseous state at the temperature and pressure of
introduction into the reactor system. [0033] The amount of nonvolatiles
present in the low hydrogen content hydrocarbon feedstream will vary
depending upon the feedstock source and quality. Crude oil and atmospheric
residue often contain high molecular weight, nonvolatiles with boiling
points in excess of about 11000F (593C), otherwise known as resids. For
example, contaminates, full range vacuum gas oils, and petroleum crude oils
often contain relatively high levels of nonvolatile molecules, for example,
up to 20 percent by weight of nonvolatiles. Other feedstocks may contain
even higher concentrations of nonvolatiles. A typical hydrocarbon 



feedstock used in the process of the present invention may contain
nonvolatiles in an amount of from about 5 to about 40 weight percent based
upon the weight of the total hydrocarbonfeed. If using a coal-containing
feedstock, the amount of nonvolatiles present can be even greater than
about 40 weight percent, e.g., greater than about 50 weight percent, or
even greater than about 60 weight percent, based upon the weight of the
total hydrocarbon feed. Feeding a hydrogen diluent should help offset the
presence of nonvolatiles to facilitate production of preferred products,
such as acetylene and ethylene. [0034] In the partial combustion step, the
source of oxygen may be pure oxygen or a gas containing molecular oxygen.
Molecular oxygen is usually provided to the starting mixture as a component
of air or air/oxygen mixtures. In order to effect the desired partial
combustion of the present invention, it is desired that the oxygen be
introduced in an amount less than the stoichiometric amount, i.e., that
amount required to react with all the hydrocarbonaceous components in the
blended mixture of low hydrogen content hydrocarbons and methane.
Generally, the total oxygen introduced is no greater than about 50 wt% and
typically ranges from about 10 wt% to about 50 wt%, preferably from about
20 wt% to about 40 wt% of the stoichiometric amount, i.e., the amount of
molecular oxygen needed to effect complete combustion of all the blended
mixture. The partially combusted mixture is then converted to a product
stream of enhanced acetylene content in the substantial absence of oxygen,
i.e., the oxygen is present in amounts below that needed to sustain
additional combustion. Typically, such amounts are no greater than 100
wppm, e.g., no greater than about 10 wppm oxygen. "Partial combustion" for
present purposes is carried out by reacting a fluid or solid carbonaceous
reactant fuel with oxygen to provide heat and normally gaseous products of
combustion. The reactant, acting as a fuel, contains mainly carbon and
hydrogen, which react with the supplied oxygen and, in some cases, with
steam and carbon dioxide, to form carbon monoxide and hydrogen. The hot gas
stream produced by partial combustion is essentially free of oxygen, i.e.,
in amounts less than about 0.2 volume percent of the total gas stream
produced. [0035] Partial combustion provides an elevated temperature for
the partially combusted mixture sufficient to provide methyl radicals in
the mixture. The methyl radicals are believed useful in the formation of
the desired acetylene product. Such temperatures typically can range from
about 1600 to about 20000C, preferably from about 1700 to about 19000C.
Pressures during partial combustion can range from about subambient to
about 1000 kPa, preferably from about 1 to about 500 kPa. The partially
combusted mixture is maintained at or above the aforementioned temperatures
for a residence time of no greater than about 100 milliseconds, preferably
no greater than about 50 milliseconds, e.g., no greater than about
10milliseconds, say, no greater than about 5 milliseconds. The partially
combusted mixture is typically maintained under these conditions to produce
a product stream containing enhanced yields of acetylene without
significant formation of coke and/or coke precursors. Typical yields of
acetylene in the product stream can range from at least about 5 wt%
acetylene, preferably from at least about 8 wt% acetylene, e.g, at least
about 15 wt% acetylene, say, from about 5 wt% acetylene to about 20 wt%
acetylene, based on the total weight of the effluent leaving the reactor.
Coke precursors are large condensable molecules that condense in the vapor,
and then form coke under typical operating conditions encountered in the
present process of the invention. Included among coke precursors are
asphaltenes, which are n-heptane insoluble components. Asphaltene content
of a sample can be determined by wellknown analytic techniques, e.g., ASTM
D6560 (Standard Test for Determination of Asphaltenes (Heptane Insolubles)
in Crude Petroleum and Petroleum Products), or ASTM D3270 (Standard Test
Method for n-Heptane Insolubles). For present purposes, "significant"
formation of coke and/or coke precursors is formation to an extent that is
deleterious to the operation of the present invention, e.g., resulting in a
need to interrupt operation of the invention to remove accumulated coke
deposits. Typically, a product stream, other than that obtained from
coal-containing feed "without significant formation of coke and/or coke
precursors" contains no greater than about 1000 ppm, preferably no greater
than about 100 ppm by weight, of coke and/or coke precursors. [0036]
Partial combustion can also be carried out to produce a temperature
sufficient to provide hydrogen radicals in the partially combusted mixture,
which can react with low hydrogen content hydrocarbon feed stream to
provide hydrocarbon molecules of enhanced hydrogen content. Such a
temperature typically ranges from about 1300 to about 24000C, preferably
from about 1400 to about 20000C. [0037] In certain embodiments, the gaseous
product stream may be contacted with a reactant, such as a
hydrogen-containing material, that may be injected into the pyrolysis or
cracking zone. The particular material used as the reactant is not limited
and may include, for example, air, water vapor, hydrogen gas, ammonia,
and/or hydrocarbons. [0038] The pyrolysis reaction for the preparation of
acetylene gas can be carried out by the process according to the invention
at any desired pressure, preferably at atmospheric pressure. Suitable
reactors are preferably flame reactors, regenerative reactors (e.g.,
reverseflow reactors including those applied to partial oxidation in the
symmetric cycle as earlier noted), recuperative reactors (e.g., a reactor
system using effluent heat to warm feeds) andflow reactors, in particular
tubular reactors. Flame reactors employed frequently have a swirl burner or
a burner block with subsequent combustion chamber. Suitable flame reactors
operate, for example, with a pre-mixing flame or diffusion flame. Flow
reactors employed frequently contain a pre-mixing flame. The residence time
in the reactor is generally shorter than 100 milliseconds. [0039] The
product stream containing enhanced yields of acetylene is cooled to reduce
its temperature from that maintained at the outlet of the pyrolysis
reactor, within a time sufficiently brief to substantially arrest any
cracking reactions, e.g., the formation of soot. Typically, such cooling,
which can include quenching, can be carried out in less than about 100
milliseconds, typically less than about 10 milliseconds, say, less than
about 2 milliseconds. This rapid cooling can be effected by passing the
product to be cooled through at least one of a) a convergent-divergent
nozzle, b) a gas turbine expander, c) an indirect heat exchanger, d) a
direct liquid quench zone and e) an endothermic reactant addition zone.
[0040] The hot product stream can be cooled using Joule-Thompson adiabatic
and isentropic expansion through, for example, the use of a
convergent-divergent nozzle or a "virtual" convergent-divergent nozzle. Use
of a convergent-divergent nozzle for quenching reduces temperature by
converting thermal energy of the treated stream into kinetic energy of 



unidirectional velocity, without actually removing total energy from the
stream. Systems suited to use in the present invention using
convergent-divergent nozzles are disclosed in U.S. Patent 4,256,565 to
Friedman et al, U.S. Patent 4,264,435 to Read et al, and U.S. Patent
4,536,603 to Sprouse et al., all of which are incorporated herein by
reference in their entirety. [0041] The hot product stream can also be
cooled by passing it through a gas turbine expander in accordance with
techniques familiar to those skilled in the art. Like convergentdivergent
nozzles, gas turbine expanders convert temperature to velocity; however,
they actually remove heat as work from the process. Suitable gas expander
applications for use in the present invention are shown in U.S. Patents
2,870,231 to Hughes et al., 2,632,689 to Latchum, 2,805,268 to Cunningham,
3,320,154 to Tokuhisa et al. and 3,329,605 to Tokuhisa et al., incorporated
herein by reference in their entirety. [0042] In an embodiment of the
invention, the reaction gas product stream can be quenched or cooled
rapidly on leaving the pyrolysis or cracking zone by direct quenching, in
which a liquid (quench oil or water) or gaseous (e.g., steam or cold
recycled gases) quenching agent is sprayed in directly. During this
operation, the corresponding mixture is cooled to different extents
depending on the quenching agent employed-typically to about 3000C inthe
case of oil or hydrocarbon liquid as quenching agent, and to about 1000C in
the case of water as quenching agent. [0043] It is possible to employ
direct cooling of pyrolysis product, i.e. direct quenching, in the process
of the invention. This can be carried out, for example, by spraying in
quenching oil or water. However, indirect cooling using a heat exchanger is
generally much more economical. The heated coolant can then be used, for
example, to operate a highpressure steam generator or a feedstock
pre-heater. In principle, any type of heat exchanger which quenches
sufficiently fast enough to preserve desired product, e.g., acetylene, made
by partial oxidation can be used for the purpose of indirect cooling. High
effectiveness heat exchangers for use in the present invention include
transfer line exchangers, such as linear transfer line exchangers,
characterized by a one to one connection between exchanger tube and radiant
coil outlet in a furnace, e.g., Schmidt'sche Linear Exchangers, available
from Alstom Power Energy Recovery, GmbH of Kassel, Germany. [0044] Cooling
can also be carried out by adding to the hot product stream an endothermic
reactant such as an alkane, e.g., ethane, which undergoes endothermic
reactions, e.g., olefin formation. Such a techniques is especially useful
for high temperature quench where sufficient kinetics are available to
alkanes for the endothermic reaction. Co-reaction of acetylene to ethylene,
while economically attractive, tends to reduce the endothermicity and thus
reduces quench effectiveness. U.S. Patents 5,565,009 to Ruhl et al,
5,215650 to Sapre and EP 1741691 (SABIC) disclose endothermic reactant
addition techniques for cooling hot hydrocarbon-containing streams and are
incorporated herein by reference in their entirety. [0045] Of these cooling
techniques, the use of convergent-divergent nozzles and gas turbine
expanders results in a reduction of stream pressure, while the remaining
techniques maintain stream pressure. Accordingly, if higher target outlet
pressures are desired, use of direct and indirect liquid quench, and
endothermic reactant addition cooling techniques will be preferred.
However, if optimization of acetylene is desired, the stream pressure
reducing techniques are suitable because acetylene-producing chemistry
tends to be more effective at lower pressures. [0046] The cooled product is
subsequently separated into desired end-products. Acetylene can be washed
out of the resultant mixture by selective solvents, e.g., NMP (Nmethyl
pyrollidone), DMF (dimethyformamide), kerosene, THF (tetrahydrofuran),
acetone and other polar aprotic solvents, e.g., DMSO (dimethylsulfoxide).
Separation of desired endproducts can start at cooling where heavy
components can be removed. Further, duringcooling the gas obtained can be
compressed, and acids and water can be removed using basic or MEA scrubbers
and driers downstream of the compressors. Subsequently, the product can be
dried and uncracked feed, ethane and propane may be recovered for recycling
as pyrolysis feed. The cracking severity affects the composition of the
product obtained. [0047] Hydrocarbon products of the pyrolysis include, but
are not limited to, acetylene, ethylene, propylyne, diacetylene, butadiene,
benzene, and methane, and other associated acetylenic, olefmic, paraffmic,
and aromatic products. Acetylene content of the hydrocarbon products
typically ranges from about 5 to about 70 wt%, say, from about 10 to about
50 wt%, e.g., from about 20 to about 50 wt%. [0048] Referring to the
Figure, aromatic gas oil having a hydrogen content of less than about 9 wt%
are introduced to blending zone 10 at ambient temperature at a rate of
about 60 g per second through blending zone inlet 20. Methane gas is
introduced at a temperature of about 2000C to the blending zone through
blending zone inlet 30 at a rate of 40 g per second which is sufficient to
provide a blended coal/methane mixture of about 14 wt% hydrogen. Extensive
mixing is effected by a sparger or atomizer. The blended mixture can be
heated prior to partial combustion by any suitable means. For example, the
heating can be conducted by means of a heat exchanger, steam injection,
submerged heat coil, or a fired heater. The blended oil/methane mixture
passes from the blending zone via line 40 into partial combustion zone 50,
at a rate of about 100 g per second. Oxygen is introduced into partial
combustion zone 50 in amounts of less than about 50% of the stoichiometric
amount via oxygen inlet 70 at a rate of about 90 g per second, where oxygen
temperature is measured. Partial combustion is initiated by ignition, e.g.,
spark. The partially combusted mixture which is substantially free of
oxygen passes from an outlet of partial combustion zone 50 via line 80 at a
temperature of at least about 16000C. The partially combusted mixture is
introduced to pyrolysis zone 90 through line 80 where the mixture is
maintained at a temperature of at least about 16000C for a residence time
of no greater than about 100 milliseconds to provide a product stream
containing enhanced yields of acetylene. The product stream exits the
outlet of pyrolysis zone 90 via line 110 and passes through cooling zone
120 and exits the cooling zone via line 140. The stream temperature is
reduced from about 15000C (as measured at cooling zone inlet) to about
5000C (as measured at cooling zone outlet) within about 100 milliseconds,
say, within about 10 milliseconds. The cooled product stream is directed to
a recovery zone (not shown) and is treated to recover reaction products.
The cooled gaseous or vapor product stream contains about 9 wt% acetylene,
about27 wt% CO, about 11 wt% CO2, about 2.5 wt% H2, about 2 wt% CH4, and
about 20 wt% hydrocarbons heavier than acetylene. [0049] While the present
invention has been described and illustrated with respect to 



certain embodiments, it is to be understood that the invention is not
limited to the particulars disclosed and extends to all equivalents within
the scope of the claims.CLAIMS What is claimed is: 1. A process for
producing acetylene by pyrolysis from a feed stream of hydrocarbons
containing less than about 12 wt% atomic hydrogen, the process comprising:
(a) blending the hydrocarbons containing less than about 12 wt% atomic
hydrogen with methane to provide a blended mixture containing at least
about 12.5 wt% atomic hydrogen; (b) partially combusting the blended
mixture in a reactor in the presence of a source of oxygen, the oxygen
being provided in an amount no greater than about 50 wt% of the
stoichiometric amount required to fully combust all of the blended mixture
to provide a partially combusted mixture at or above a temperature
sufficient to produce methyl radicals; (c) maintaining the partially
combusted mixture in the substantial absence of molecular oxygen at or
above the temperature for a residence time sufficient to convert the
mixture to a product stream containing enhanced yields of acetylene without
significant formation of coke and/or coke precursors; (d) cooling the
product stream to reduce the temperature of the product stream within no
greater than 100 milliseconds to substantially arrest any cracking
reactions and provide a cooled product stream; and (e) recovering acetylene
from the cooled product stream. 2. The process of claim 1 wherein at least
a portion of acetylene derived from the cooled product stream is converted
to ethylene by hydrogenation. 3. The process of claim 1 wherein the cooling
is carried out by passing the product stream through at least one of a) a
convergent-divergent nozzle, b) a gas turbine expander, c) an indirect heat
exchanger, d) a direct liquid quench zone, and e) an endothermic reactant
addition zone. 4. The process of claim 1 wherein the cooling is carried out
by passing the product stream through a convergent-divergent nozzle in
which the product stream is accelerated to a velocity of at least about 150
meters per second and decelerated to a velocity no greater than about 100
meters per second in the converging-diverging nozzle. 5. The process of
claim 4 wherein the product stream is accelerated to a velocity ranging
from about 150 to about 1220 meters per second and decelerated to a
velocity ranging from about 45 to about 100 meters per second, the product
stream being cooled in less than about 2 milliseconds, to provide a cooled
product stream of no greater than about 2600C.6. The process of claim 1
wherein the partially combusted mixture is maintained at or above 16000C
for a residence time of no greater than about 100 milliseconds, and,
optionally, the product stream is cooled in less than about 10 milliseconds
to provide a cooled product stream of no greater than about 482C. 7. The
process of claim 1 wherein step (c) is carried out in the presence of
sufficient hydrogen to reduce formation of coke or coke precursors beyond
that produced in the absence of hydrogen. 8. The process of claim 1 wherein
the feed stream of hydrocarbons contains less than about 10 wt% atomic
hydrogen. 9. The process of claim 4 wherein a quench liquid is introduced
between the convergent and divergent sections of the nozzle. 10. The
process of claim 3 wherein ethane is added to the endothermic reactant
addition zone. 11. The process of claim 1 wherein ethylene is also
recovered from the cooled product stream. 12. The process of claim 1
wherein the partially combusted mixture is provided at or above a
temperature sufficient to produce methyl radicals and hydrogen radicals.
13. The process of claim 1 performed using an apparatus for producing
acetylene by pyro lysis from a feed stream of hydrocarbons containing less
than about 12 wt% atomic hydrogen, the apparatus comprising: (a) a mixing
zone for blending the hydrocarbons containing less than about 12 wt% atomic
hydrogen with methane to provide a blended mixture containing at least
about 12.5 wt% atomic hydrogen; (b) a partial combustion zone for partially
combusting the blended mixture comprising a source of oxygen, the oxygen
being provided in an amount no greater than about 50 wt% of the
stoichiometric amount required to fully combust all of the blended mixture
and capable of providing a partially combusted mixture at or above a
temperature sufficient to provide methyl radicals; (c) a pyrolysis zone for
maintaining the partially combusted mixture in the substantial absence of
oxygen at or above the temperature for a residence time sufficient to
produce a product stream containing enhanced yields of acetylene without
significant formation of coke or coke precursors; (d) a cooling zone for
cooling the product stream in no greater than 100 millisecondsto
substantially arrest any cracking reactions and provide a cooled product
stream; and (e) a recovery zone for recovering acetylene from the cooled
product stream. 14. The process of claim 13 wherein the cooling zone
comprises at least one of 1) a convergent-divergent nozzle, 2) a gas
turbine expander, 3) an indirect heat exchanger, 4) a direct liquid quench
zone, and 5) an endothermic reactant addition zone. 15. The process of
claim 13 wherein the cooling zone comprises a convergent-divergent nozzle.
16. The process of claim 13 wherein the cooling zone comprises a direct
liquid quench zone. 


