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SELF-CLEANING APPARATUS AND METHOD FOR
THICK SLURRY PRESSURE CONTROL

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to U.S. Application No. 61/482,449, filed May 4, 2011,
U.S. Application No. 13/366,651 filed February 6, 2012 and U.S. Application No. 13/437,264

filed April 2, 2012, the entire disclosures of which are incorporated herein by reference.

FIELD OF THE INVENTION

[0002] The present invention generally relates to apparatus and methods for handling viscous
fluids. More particularly, 1t relates to self-cleaning apparatus and methods for handling viscous

fluids, such as thick slurries of lignocellulosic biomass and its components, under high pressure.

BACKGROUND OF THE INVENTION

[0003] Backpressure control 1s critical to maintaining process conditions. However, with
solid-liquad slurries, clogging of valves and orifices 1s a challenge. In addition, back pressure
control valves cannot respond quickly enough and completely reseal to avoid bleed-through.
Process pressure variations must be minimized to maintain process control. Thus, 1t would be
beneficial to develop an efficient and reliable means for handling fouling fluids, such as thick
solid-liquid slurries of lignocellulosic biomass and 1ts components, under high pressure that
minimize clogging, including, but not limited to those processed with compressible supercritical
or near-critical fluids. The apparatus of methods of the present imnvention are directed toward

these, as well as other, important ends.

SUMMARY OF THE INVENTION

[0004] In one embodiment, the invention 1s directed to self-cleaning apparatus for processing

of a fouling fluid under pressure, comprising:
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a passageway having at least two stages;

a retractable valve positioned 1n each of said at least two stages; and

an optional shutoff valve positioned 1n said passageway;

wherein said retractable valves form a tortuous path 1n said passageway when said
retractable valves are partially closed to permit a pressure drop between said stages; and

wherein at least one of said retractable valves 1s capable of being 1n an open

position when the other of said retractable valves are partially closed.

[0005] In another embodiment, the invention 1s directed to methods for reducing fouling 1n
processing of lignocellulolosic biomass, comprising:
providing a fouling fluid under pressure 1in an apparatus comprising:
a passageway having at least two stages;
a retractable valve positioned 1n each of said at least two stages; and
an optional shutoff valve positioned 1n said passageway;
wherein said retractable valves form a tortuous path in said passageway
when said retractable valves are partially closed to permit a pressure drop between
said stages; and
retracting at least one of said retractable valves to an open position to form an
open retractable valve when the other of said retractable valves are partially closed to

clean said open retractable valve and to control pressure 1n said apparatus.

[0006] In yet another embodiment, the invention 1s directed to methods for controlling back-
pressure 1n processing of lignocellulolosic biomass, comprising:
providing a fouling fluid under pressure 1n an apparatus comprising:
a passageway having at least two stages;
a retractable valve positioned 1n each of said at least two stages; and
an optional shutoff valve positioned 1n said passageway;
wherein said retractable valves form a tortuous path 1n said passageway
when said retractable valves are partially closed to permit a pressure drop between

said stages; and
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retracting at least one of said retractable valves to an open position to form an
open retractable valve when the other of said retractable valves are partially closed to

clean said open retractable valve and to control pressure 1n said apparatus.

[0007] In further embodiments, the mvention 1s directed to systems for processing fouling
fluids, comprising:

at least one self-cleaning apparatus described herein; and

tortuous path piping;

wherein said piping 1s upstream of said at least one self-cleaning apparatus.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The accompanying drawings, which are included to provide a further understanding of
the mmvention and are incorporated in and constitute a part of this specification, 1illustrate
embodiments of the invention and together with the description serve to explain the principles

of the invention. In the drawings:

[0009] FIGURE 1A 1s a schematic diagram using six retractable knife valves in one

embodiment of the invention.

[0010] FIGURE 1B 1s a schematic diagram using six retractable knife valves in one

embodiment of the invention.

[0011] FIGURE 2 1s a schematic diagram using ten retractable valves in one embodiment of

the invention.

DETAILED DESCRIPTION OF THE INVENTION

[0012] As employed above and throughout the disclosure, the following terms, unless

otherwise 1ndicated, shall be understood to have the following meanings.
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|0013] As used herein, the singular forms “a,” “an,” and *“the” include the plural reference

unless the context clearly indicates otherwise.

[0014] While the present mnvention 1s capable of being embodied 1in various forms, the
description below of several embodiments 1s made with the understanding that the present
disclosure 1s to be considered as an exemplification of the invention, and 1s not intended to limat
the invention to the specific embodiments illustrated. Headings are provided for convenience
only and are not to be construed to limit the invention 1n any manner. Embodiments 1llustrated

under any heading may be combined with embodiments illustrated under any other heading.

[0015] The use of numerical values 1n the various quantitative values specified 1 this
application, unless expressly indicated otherwise, are stated as approximations as though the
minimum and maximum values within the stated ranges were both preceded by the word
“about.” In this manner, slight variations from a stated value can be used to achieve substantially
the same results as the stated value. Also, the disclosure of ranges 1s intended as a continuous
range including every value between the minimum and maximum values recited as well as any
ranges that can be formed by such values. Also disclosed herein are any and all ratios (and
ranges of any such ratios) that can be formed by dividing a recited numeric value into any other
recited numeric value. Accordingly, the skilled person will appreciate that many such ratios,
ranges, and ranges of ratios can be unambiguously derived from the numerical values presented
herein and 1n all instances such ratios, ranges, and ranges of ratios represent various

embodiments of the present invention.

[0016] A supercritical fluid 1s a fluid at a temperature above its critical temperature and at a
pressure above its critical pressure. A supercritical fluid exists at or above its “critical point,” the
point of highest temperature and pressure at which the liquid and vapor (gas) phases can exist 1n
cquilibrium with one another. Above critical pressure and critical temperature, the distinction
between liquid and gas phases disappears. A supercritical fluid possesses approximately the
penetration properties of a gas simultaneously with the solvent properties of a liquid.
Accordingly, supercritical fluid extraction has the benefit of high penetrability and good

solvation.
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[0017] Reported critical temperatures and pressures include: for pure water, a critical
temperature of about 374.2°C, and a critical pressure of about 221 bar; for carbon dioxide, a
critical temperature of about 31°C and a critical pressure of about 72.9 atmospheres (about 1072
psig). Near-critical water has a temperature at or above about 300°C and below the critical
temperature of water (374.2°C), and a pressure high enough to ensure that all fluid 1s 1n the
liquid phase. Sub-critical water has a temperature of less than about 300°C and a pressure high
enough to ensure that all fluid 1s 1in the liquid phase. Sub-critical water temperature may be
greater than about 250°C and less than about 300°C, and 1n many 1nstances sub-critical water has
a temperature between about 250°C and about 280°C. The term “hot compressed water” 1s used
interchangeably herein for water that 1s at or above its critical state, or defined herein as near-
critical or sub-critical, or any other temperature above about 50°C (preferably, at least about

100°C) but less than subcritical and at pressures such that water 1s 1in a liquid state

[0018] As used herein, a fluid which 1s “supercritical” (e.g. supercritical water, supercritical
CO,, etc.) indicates a fluid which would be supercritical if present in pure form under a given set
of temperature and pressure conditions. For example, “supercritical water” indicates water
present at a temperature of at least about 374.2°C and a pressure of at least about 221 bar,
whether the water 1s pure water, or present as a mixture (e.g. water and ethanol, water and CO,,
etc). Thus, for example, “a mixture of sub-critical water and supercritical carbon dioxide”
indicates a mixture of water and carbon dioxide at a temperature and pressure above that of the
critical point for carbon dioxide but below the critical point for water, regardless of whether the
supercritical phase contains water and regardless of whether the water phase contains any carbon
dioxide. For example, a mixture of sub-critical water and supercritical CO, may have a

temperature of about 250°C to about 280°C and a pressure of at least about 225 bar.

[0019] As used herein, “continuous” indicates a process which 1s uninterrupted for 1ts duration,
or interrupted, paused or suspended only momentarily relative to the duration of the process.

4

Treatment of biomass 1s “‘continuous” when biomass 1s fed into the apparatus without
interruption or without a substantial interruption, or processing of said biomass 1s not done 1n a

batch process.
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[0020] As used herein, “lignocellulosic biomass or a component part thercof” refers to plant
biomass containing cellulose, hemicellulose, and lignin from a variety of sources, including,
without limitation (1) agricultural residues (including corn stover and sugarcane bagasse), (2)
dedicated energy crops, (3) wood residues (including sawmill and paper mill discards), and (4)
municipal waste, and their constituent parts including without limitation, lignocellulose biomass
itself, lignin, Cg saccharides (including cellulose, cellobiose, Cg oligosaccharides, Cq
monosaccharides, and Cs saccharides (including hemicellulose, Cs oligosaccharides, and Cs

monosaccharides).

[0021] As used herein, “passageway’” refers to a hollow chamber of any general cross-section,

including varying cross-sections, used for conveying a material.

[0022] As used herein with reference to a valve, “open” means that the valve permits at least
partial flow through the passageway. As used herein with reference to a valve, “closed” means
that the valve permits no flow through the passageway. As used herein with reference to a
“open” or “closed” valve, “partial” or “partially” means that the valve 1s not in 1ts fully open or
fully closed position, respectively, and therefore permits at least some flow through the

passageway. “Partially open” and “partially closed” may be used interchangeably.

[0023]  As used herein, “fouling fluid” refers to fluid, including a viscous liquid under the
pressure and/or temperature conditions and solid-liquid slurries, that stick to the surfaces of the

equipment 1n which 1t 1s in contact causing fouling of small passageways and orifices.

[0024] As used herein, “tortuous” refers to a path having more than one twists, bends, or turns.

[0025] As discussed above, backpressure control is critical to maintaining process conditions.
However, with solid-liquid slurries, clogging of valves and orifices 1s a challenge. In addition,
back pressure control valves cannot respond quickly enough and completely reseal to avoid
bleed-through. Process pressure variations must be minimized to maintain process control. In

the hydraulics of a system, a pump adds mechanical energy to the fluid to increase its pressure.
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The friction of the fluid along the pipes, valves, reactors and other components creates a pressure
drop. Some friction losses are fixed, for example through a constant diameter pipe. Some
pressure losses vary, for example through a valve whose opening 1s varied (large valve opening =
less pressure loss). So pressure drop may be controlled by opening or closing the valve. A
tortuous piping path 1s simply a way to increase the pressure drop 1n a shorter length. By making
the piping path tortuous (many turns, twists, etc.), the pressure drop 1s greater The pressure drop
can be designed 1n a piping system, but once they are installed, the pressure drop 1s fixed (since
the pipes do not move). A partial blockage 1in the system will also create a pressure drop, that
may be temporary if the partial blockage 1s eliminated. Thus, controlling the friction of the
system 1s how the apparatus and methods of the invention compensate for sudden or temporary
pressure changes due to the slurry blocking and hanging up somewhere along the system. If the
fluid were water, the pressure losses in the system would be very stable, and a control valve at
the back would probably be set in one position and never be touched. In the case of slurries, the
pressure losses 1n the system fluctuate because of variations in consistency of the slurry
(clumps), variations 1n viscosity, variations in temperature, and the like. What 1s needed 1s an
apparatus and methods that permit constant adjustment of the positions of the valves to optimize
the pressure drop across them. Retractable valves, especially those arranged 1n an alternating
fashion which create 1n a tortuous path for the flow of material, that are partially open (or
partially closed) create pressure drops. The retractable valves may be completely opened,
thereby cleaning the valve and valve orifices and preventing a build up of solids 1 the
passageway, especlally when processing viscous fluids and slurries. The apparatus and methods
of the mvention, therefore, utilize retractable valves to overcome the 1ssues associated with

backpressure control by forming a valve array to provide the back pressure control.

|0026] Accordingly, in one embodiment, the mvention 1s directed to self-cleaning apparatus for
processing of a fouling fluid under pressure, comprising:
a passageway having at least two stages;
a retractable valve positioned 1n each of said at least two stages; and
an optional shutoff valve positioned 1n said passageway;
wherein said retractable valves form a tortuous path 1n said passageway when said

retractable valves are partially closed to permit a pressure drop between said stages; and
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wherein at least one of said retractable valves 1s capable of being 1n an open
position when the other of said retractable valves are partially closed.

The retractable valves that are used only when the primary retractable valves forming the
tortuous path for the flow of material are opened for cleaning are referred to alternatively as
“redundant” retractable valves. It 1s contemplated that certain retractable valves may be
dedicated for use only when the other retractable valves are open for cleaning. It 1s also
contemplated, however, that all of the retractable valves may at one time or another be
considered a redundant valve. The apparatus of the invention may be used advantageously for
processing/transporting solid-liquid slurry after fractionation of biomass and/or cellulose

hydrolysis.

[0027] On embodiment of the self-cleaning apparatus 1s schematically shown in FIGURE 1A,
using six retractable knife valves 1a, 1b, 1¢, 1d, 1e, and 1f 1n six stages (4a, 4b, 4c¢, 4d, 4e, and
4f, respectively) 1n passageway 2. In this figure, four of the retractable knife valves 1a, 1b, 1c,
and 1d, are 1n a partially open position creating a tortuous path for the flow of material and two
of the retractable knife valves 1le and 1f are 1n a fully open position. In FIGURE 1B, knife
valves 1¢ and 1d are opened fully in order to clean them, while knife valves 1le and 1f are
partially closed to take over the duties of the former two. In effect, four of the retractable knife
valves 1a, 1b, le, and 1f, are 1n a now partially open position creating a tortuous path for the
flow of material and two other of the retractable knife valves 1¢, and 1d are in a fully open

position. A separate shutoff valve, here shown as a cone valve 3, may be present for full shut-

off.

[0028] FIGURE 2 1s a schematic diagram using ten retractable valves in one embodiment of
the invention. Stages 1 to 8 (5a, Sb, 5¢, 5d, Se, 51, 5g, and Sh, where Stage 1 corresponds to Sa
and Stage 8 corresponds to Sh) create the initial pressure letdown and Stages A and B (6a and
6b, respectively) allow m-line cleaning for a total of ten stages with ten retractable valves. Flow
of materials begins 1n Stage 1 and ends after Stage B. Stages A and B are redundant valves that
permit for opening and cleaning of any two valves in the system (including Stages A and B)

while the remaining valves are partially closed.
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10029]

In another embodiment, the invention 1s directed to methods for reducing fouling 1n

processing of lignocellulolosic biomass, comprising:

[0030]

providing a fouling fluid under pressure in an apparatus comprising:

a passageway having at least two stages;

a retractable valve positioned 1n each of said at least two stages; and

an optional shutoff valve positioned 1n said passageway;

wherein said retractable valves form a tortuous path in said passageway
when said retractable valves are partially closed to permit a pressure drop between
said stages;

retracting at least one of said retractable valves to an open position to form an

open retractable valve when the other of said retractable valves are partially closed to

clean said open retractable valve and to control pressure 1n said apparatus.

In yet another embodiment, the invention 1s directed to methods for controlling back-

pressure 1n processing of lignocellulolosic biomass, comprising:

0031}

providing a fouling fluid under pressure 1n an apparatus comprising:

a passageway having at least two stages;

a retractable valve positioned 1n each of said at least two stages; and

an optional shutoff valve positioned 1n said passageway;

wherein said retractable valves form a tortuous path 1n said passageway
when said retractable valves are partially closed to permit a pressure drop between
said stages; and

retracting at least one of said retractable valves to an open position to form an

open retractable valve when the other of said retractable valves are partially closed to

clean said open retractable valve and to control pressure 1n said apparatus.

In further embodiments, the invention 1s directed to systems for processing viscous

fluids, comprising:

at least one self-cleaning apparatus described herein; and
tortuous path piping;

wherein said piping 1s upstream of said at least one self-cleaning apparatus.
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[0032] In certain embodiments, the retractable valves are selected from the group consisting of

a knife valve, needle valve, cone valve, ball valve, lobe valve, and combinations thereof.

[0033] The number of retractable valves 1s dependent on the viscosity of the material being
processed, velocity, pressure, passageway diameter, fouling characteristics of the material, and
the like. In certain embodiments, three retractable valves to about ten retractable valves are
present. In certain preferred embodiments, six retractable valves are present. In certain
preferred embodiments, eight retractable valves are present. As one skilled in the art will
appreciate, the number of retractable valves will be dependent upon the particular equipment

available.

|0034] In certain embodiments, at least one of said retractable valves 1s capable of being m an

open position when the other of said retractable valves 1s partially closed.

[0035] It 1s contemplated that the retractable valves (of which there at least two but possibly
many additional retractable valves) would open and close simultancously and continuously (so
that the equipment would never need to take any off-line to clean individual valves but would be

constantly cleaning and maintaining adequate pressure.

[0036] The array of retractable valves may be 1n a large number of different arrangements (i.e.,
adjacent retractable valves are oriented at about 0° to about 180° to each other and may differ
along the array). In certain embodiments, the array of retractable valves forms a tortuous path
for the flow of materials through the passageway. Preferably, adjacent retractable valves are
oriented at about 180° to each other to maximize the pressure loss per valve and minimize the

number of total valves.

|0037] In certain embodiments, the step of processing includes transporting said fouling fluid

under pressure.

-10-
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|0038] In certain embodiments, the fouling fluid has a viscosity of at least about 10,000 cP. In

certain embodiments, the fouling fluid has a viscosity of at least about 15,000 cP.

[0039] In certain embodiments, the fouling fluid 1s a fractionated lignocellulosic slurry
comprising:
a solid fraction comprising:
lignin; and
cellulose; and
a liquid fraction comprising:
soluble C;5 saccharides; and

water.

[0040] In certain embodiments, the fouling fluid 1s a slurry comprising:
a solid fraction comprising:
lignin; and
a liquid fraction comprising:
soluble Cg saccharides; and

water.

[0041] In certain embodiments, the passageway 1s substantially cylindrical. However, other

shapes and cross-sections are possible.

[0042] In certain embodiments, at least one shutoff valve 1s present and may be used to fully
shutoff flow 1n the passageway. The shutoff valve may positioned anywhere 1n the passageway,
including within the array of retractable valves, before the array of retractable valves, or after the
array of retractable valves in the distal end of the passageway (nearest exit of passageway 1n
direction of flow). Preferably, 1t 1s positioned in the distal end of the passageway. Suitable
shutoff valves include, but are not limited to, cone valves, ball valves, knife valves, needle
valves, or lobe valves, wherein said valves may be used 1n the fully closed position to stop flow

within the passageway.

-11-
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|0043] The pressure drop in the apparatus of the invention will depend upon the particular
material that 1s being processed. In certain embodiments, the pressure drop in said apparatus 1s

about 50 bars to about 250 bars.

|0044] The methods of the invention are preferably run continuously, although they may be run

as batch or semi-batch processes.

[0045] In certain embodiments, the fractionated lignocellulosic biomass slurry 1s prepared by
contacting said lignocellulosic biomass with a first reaction fluid comprising hot compressed
water and, optionally, carbon dioxide; wherein said first reaction fluid further comprises acid,
when said lignocellulosic biomass comprises softwood; and wherein said first reaction fluid 1s at
a temperature of at least about 100°C under a pressure sufficient to maintain said first reaction
fluid 1in iquid form. The acid may be an mnorganic acid or an organic acid, or an acid formed in
situ. Inorganic acid include, but are not limited to: sulfuric acid, sulfonic acid, phosphoric acid,
phosphonic acid, nitric acid, nitrous acid, hydrochloric acid, hydrofluoric acid, hydrobromic
acid, hydroiodic acid. Organic acids include, but are not limited to, aliphatic carboxylic acids
(such as acetic acid and formic acid), aromatic carboxylic acids (such as benzoic acid and
salicylic acid), dicarboxylic acids (such as oxalic acid, phthalic acid, sebacic acid, and adipic
acid), aliphatic fatty acids (such as oleic acid, palmitic acid, and stearic acid), aromatic fatty
acids (such as phenylstearic acid), and amino acids. In certain embodiments, the acid 1s
preferably sulfuric acid, hydrochloric acid, phosphoric acid, nitric acid, or a combination thereof.

Gaseous compounds that form acid in sifu include, but are not limited to, SO».

[0046] While the preferred forms of the invention have been disclosed, 1t will be apparent to
those skilled m the art that various changes and modifications may be made that will achieve
some of the advantages of the invention without departing from the spirit and scope of the
invention. Therefore, the scope of the invention 1s to be determined solely by the claims to be

appended.

-12-
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|0047] When ranges are used herein for physical properties, such as molecular weight, or
chemical properties, such as chemical formulae, all combinations, and subcombinations of

ranges speciiic embodiments therein are intended to be included.

|0048] The disclosures of each patent, patent application, and publication cited or described 1n

this document are hereby incorporated herein by reference, 1n their entirety.

[0049] Those skilled 1n the art will appreciate that numerous changes and modifications can be
made to the preferred embodiments of the invention and that such changes and modifications can
be made without departing from the spirit of the invention. It 1s, therefore, intended that the
appended claims cover all such equivalent variations as fall within the true spirit and scope of the

invention.
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CLAIMS

What 1s claimed 1s:

1. A self-cleaning apparatus for processing of a fouling fluid under pressure, comprising:
a passageway having at least two stages;
a retractable valve positioned 1n each of said at least two stages; and
an optional shutoff valve positioned 1n said passageway;
wherein said retractable valves form a tortuous path 1n said passageway when said
retractable valves are partially closed to permit a pressure drop between said stages; and
wherein at least one of said retractable valves 1s capable of being 1n an open

position when the other of said retractable valves are partially closed.

2. A self-cleaning apparatus of claim 1,
wherein said retractable valve 1s a knife valve, needle valve, cone valve, ball

valve, lobe valve, or combination thereof.

3. A self-cleaning apparatus of claim 1,
wherein said shutoff valve 1s a cone valve, ball valve, knife valve, needle valve, or

lobe valve.

4, A self-cleaning apparatus of claim 1,

wherein three retractable valves to about ten retractable valves are present.
J. A self-cleaning apparatus of claim 4,
wherein at least one of said retractable valves 1s capable of being 1n an open

position when the other of said retractable valves are partially closed.

6. A self-cleaning apparatus of claim 1,

wherein adjacent retractable valves are oriented at about 180° to each other.
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10.

11.

12.

13.
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A self-cleaning apparatus of claim 1,

wherein said processing 1s transporting said fouling fluid under pressure.

A self-cleaning apparatus of claim 1,

wherein said fouling fluid has a viscosity of at least about 10,000 cP.

A self-cleaning apparatus of claim 1,

wherein said fouling fluid has a viscosity of at least about 15,000 cP.

A self-cleaning apparatus of claim 1,
wherein said fouling fluid 1s a fractionated lignocellulosic slurry comprising:
a solid fraction comprising:
lignin; and
cellulose; and
a liquid fraction comprising;:
soluble C5 saccharides; and

water.

A self-cleaning apparatus of claim 1,
wherein said fouling fluid 1s a slurry comprising:
a solid fraction comprising:
lignin; and
a liquid fraction comprising:
soluble Cg saccharides; and

water.

A self-cleaning apparatus of claim 1,

wherein said passageway 1s substantially cylindrical.

A self-cleaning apparatus of claim 1,

wherein said pressure drop 1n said apparatus 1s about 50 bars to about 250 bars.
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15.

16.

17.

18.

19.
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A method for reducing fouling 1n processing of lignocellulolosic biomass, comprising:
providing a fouling fluid under pressure in an apparatus comprising:
a passageway having at least two stages;
a retractable valve positioned 1n each of said at least two stages; and
an optional shutoff valve positioned 1n said passageway;
wherein said retractable valves form a tortuous path in said passageway
when said retractable valves are partially closed to permit a pressure drop between
said stages; and
retracting at least one of said retractable valves to an open position to form an
open retractable valve when the other of said retractable valves are partially closed to

clean said open retractable valve and to control pressure 1n said apparatus.

A method of claim 14,

wherein said method 1s continuous.

A method of claim 14,
wherein said retractable valve 1s a knife valve, needle valve, cone valve, ball

valve, lobe valve, or combination thereof.

A method of claim 14,
wherein said shutoff valve 1s a cone valve, ball valve, knife valve, needle valve, or

lobe valve.

A method of claim 14,

wherein three retractable valves to about ten retractable valves are present.

A method of claim 18,
wherein at least one of said retractable valves 1s capable of being 1n an open

position when the other of said retractable valves are partially closed.
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20).

21.

22.

23.

24.

25.
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A method of claim 14,

wherein adjacent retractable valves are oriented at about 180° to each other.

A method of claim 14,

wherein said fouling fluid has a viscosity of at least about 10,000 cP.

A method of claim 14,

wherein said fouling fluid has a viscosity of at least about 15,000 cP.

A method of claim 14,

wherein said fouling fluid 1s a fractionated lignocellulosic slurry comprising:
a solid fraction comprising:
lignin; and
cellulose; and
a liquid fraction comprising;:
soluble C5 saccharides; and

water.

A method of claim 23,

wherein said fractionated lignocellulosic biomass slurry 1s prepared by contacting
said lignocellulosic biomass with a first reaction fluid comprising hot compressed water
and, optionally, carbon dioxide;

wherein said first reaction fluid further comprises acid, when said lignocellulosic
biomass comprises softwood; and

wherein said first reaction fluid 1s at a temperature of at least about 100°C under a

pressure sufficient to maintain said first reaction fluid in liquid form.

A method of claim 14,

wherein said fouling fluid 1s a slurry comprising:
a solid fraction comprising:

lignin; and
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26.

27.

23.

29.

30.
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a liquid fraction comprising:
soluble Cg saccharides; and

water.

A method of claim 14,

wherein said passageway 1s substantially cylindrical.

A method of claim 14,

wherein said pressure drop 1n said apparatus 1s about 50 bars to about 250 bars.

A method for controlling back-pressure in processing of lignocellulolosic biomass,
comprising:
providing a fouling fluid under pressure 1in an apparatus comprising:
a passageway having at least two stages;
a retractable valve positioned 1n each of said at least two stages; and
an optional shutoff valve positioned 1n said passageway;
wherein said retractable valves form a tortuous path 1n said passageway
when said retractable valves are partially closed to permit a pressure drop between
said stages; and
retracting at least one of said retractable valves to an open position to form an
open retractable valve when the other of said retractable valves are partially closed to

clean said open retractable valve and to control pressure 1n said apparatus.

A method of claim 28,

wherein said method 1s continuous.

A method of claim 28,
wherein said retractable valve 1s a knife valve, needle valve, cone valve, ball

valve, lobe valve, or combination thereof.
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31.

32.

33.

34,

35.

36.

37.
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A method of claim 28,

wherein three retractable valves to about ten retractable valves are present.

A method of claim 31,

wherein at least one of said retractable valves 1s capable of being 1n an open

position when the other of said retractable valves are partially closed.

A method of claim 28,

wherein adjacent retractable valves are oriented at about 180° to each other.

A method of claim 28,

wherein said fouling fluid has a viscosity of at least about 10,000 cP.

A method of claim 28,

wherein said fouling fluid has a viscosity of at least about 15,000 cP.

A method of claim 28,
wherein said fouling fluid 1s a fractionated lignocellulosic slurry comprising:
a solid fraction comprising:
lignin; and
cellulose; and
a liquid fraction comprising:
soluble Cs saccharides; and

water.

A method of claim 28,

wherein said fractionated lignocellulosic biomass slurry 1s prepared by contacting
said lignocellulosic biomass with a first reaction fluid comprising hot compressed water
and, optionally, carbon dioxide;

wherein said first reaction fluid further comprises acid, when said lignocellulosic

biomass comprises softwood; and
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wherein said first reaction fluid 1s at a temperature of at least about 100°C under a

pressure sufficient to maintain said first reaction fluid in liquid form.

38. A method of claim 28,
wherein said fouling fluid 1s a slurry comprising:
a solid fraction comprising:
lignin; and
a liquid fraction comprising:
soluble Cg saccharides; and

water.

39. A method of claim 28,

wherein said passageway 1s substantially cylindrical.

40. A method of claim 28,

wherein said pressure drop 1n said apparatus 1s about 50 bars to about 250 bars.

4]1. A system for processing viscous fluid, comprising:
at least one self-cleaning apparatus of claim 1; and
tortuous path piping;

wherein said piping 1s upstream of said at least one self-cleaning apparatus.
42. A system of claim 41,

wherein said viscous fluid comprises lignocellulosic biomass or a component part

thereof.
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