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f0001)] Governmentrights statement

[0002] The invention support by the United States Government, Department of energy

contract numberof the signing 04-03-CA-70224 and DE-FC36-03GO13146 constraint. The

Government of the United States have an inevitable right of this invention.

f0003] invention field

f0004] Provides a method for the treatment of a blomass, the method includes a kind of the

designated equipment. The method using the apparatus in the biomass non-compaction

state moves into and through the reactor, the temperature and pressure in the appropriate

implementation with diute ammonia water impregnated biomass and the processing

method for the reaction of the same.



(0005) Background Art

f0006] Fibrous and wooden cellulosic raw materials andagricultural residues such as

garbage, wood, forestry refuse, the sludge from the papermaking industry, and municipal and

industrial solid waste, provides tremendous potential renewable raw materials, used for

production of valuable products, such as fuel and other chemical products. By the

carbohydrate polymer (including cellulose, hemicellulose, dextran and lignin) of a fiber of the

fiber and the garbage and for the feeding of various chernical, mechanical and enzymatic

methods for processing in order to release the main to hexose and pentaglucose, they then

can carry out the fermentation in order to produce useful products.

10007] First of all, the biomass material to perform processing in order to prepare

SACCHARIDASE more easy touse fibrous and wood fibrous material of the carbohydrate

polymer, the process is commonlyreferred to as pre-treatment. Then the pre-treatment of

blomass under the conditions in the presence of slucoamylase of further hydrolysis in the

hydrolysis in the product to release oligose and/or monosaccharide. For from the

pretreatment of the biomass in the fermentation of sugar production SACCHARIDASE usually

includes one or more a glycosidase such as hydrolysis of cellulase slycocidase, hydrolyze

hemicellulose elycocidase, and starch hydrolysis glycocidase, and peptidase, lipase, lignin

enzyme and/or ferulic acid esterase, The saccharifying enzyme used for biomass processing

and method refer to Lynd, L.R. People (Microbiol.MolBiolRev. (2002) 66 : 506-577).

10008] Expectations for cost-effective large-scale processing biomass system and/or method.

Processing the biomass needs to be a high concentration of heavy material in order to

produce the needed high concentration can be fermentedsugar, the fermentable sugar used

in the fermentation into the product. Therefore, including the biomass part high dry weight

move through the reactor, while at the same time maintaining through the handling of

chemicals used for preparing capacity and optimizing the capacity of the saccharification of

Dlomass, in addition to making use of aminimum numberof chemicals and energy input to

implement material mobile, this is a method of treating biomass one of the challenges. Also

wish to include the low cost of capital equipment method. Does not need mixing or reactorof

the reactor of the method can provide a lowercost of capital equipment and a lower energy

input.



10009] Has been described that does not require mixing or reactor rotating system and for

moving biomass through the reactor the specific equipment. US4186658 discloses used for

conveying equipment of the particulate matter, said particulate matter such as wood chips,

straw, bagasse, and other fibrous material, said substance that this apparatus will be pressed

into a solid \"block\" shape. Screw conveyor for the material to pre-load, and by

reciprocating piston further compaction. Compacted mass is very compact so that it can

effectively prevent blow back In the system. Then the block to the expected can be used for

material processing in the apparatus. Biornass material dense block will not be able to make

the pre-treatmentreactant to achieve the best penetration.

10010] Similarly, US4136207 discloses used for preparing and having improve ruminant

oxybenzoates method of the cellulose material, the material begins to the compaction states

from the machinery. Then it does not exist under the conditionof the chemical reagent

through the high-pressure steam treatment, and further compacting to form a biomass solid

block, the escape through theInlet to prevent steam. Small part of the material and then is

discharged, the pressure is reduced rapidly. The biomass is pressed into block would not be

used in the pretreatment of the chemical reagent to achieve the best penetration.

f0013) US6176176 disclosed for processing equipment of cellulose material, the apparatus

used in the extrusion machine cylinder rotatable screw. In the pressurized liquid ammoniais

put in the cylinder, and the fibraus material mixed in the drum, and then the cylinder head is

by a durabie, liquid ammonia into a gas, so that the wood fiber material of the chemical

explosive expansion. in large-scale commercial use in the method of the extrusion machine is

very expensive, therefore cannot provide economical method.

[0012] inshared and common NA11/402757 pending US disclosed in in for treatment of

biomass fermentation of sugar production method, the method using low intensity biomass

pre-treating high concentration of ammeania water.

[0013] Therefore need to be used for the treatment of biomass system and/or method, the

trimming respawn substance moving the reactor by low-cost, at the same time with

maximumpenetrability chernical reactant fo prepare the biomass for saccharification.

10014] Invention overview



10015] The present invention provides for a method of treatment of biomass before

saccharification, through the method of the present invention pre-processing biomass,

comprising subsequently and through saccharifications the pre-treatment of blomass can be

prepared by the hydrolysis of the sugar product. in one aspect, a method for the treatment of

a biomass, the method comprises:

(0016) A) providing biomass;

f0017] B} use the feeding machine non-compaction(a) in the biomass into the apparatus, the

apparatus including:

f0018] ) cylindrical drum, the cylindrical drum has a is equipped with the piston of the end of

the lst and 2nd is equipped withthe tail end of the discharging valve;

(0019) 1) optionally a branch pipe, said branch pipe in a branch pipe is connected with the

end of the tall end of the Ist close to the cylindrical cylinder on the cylindrical cylinder, and in

the said branch pipe of the branch pipe is not connected with the end of the valve can be

sealed;

10020] 1H) cylindrical cylinderor at least of the branch pipe 2 a the port can be sealed;

10021] iv} optionally a valve, said valve in the cylindrical cylinder of the cylinder is divided into

separate chamber and the lst 2nd chamber, the Ist chamber having is equipped with the

piston of a cylinder theend of the Ist, and the 2nd chamber having is equipped with a

discharge valve of a cylinder the end of the 2nd; and

[0022] V) is connected toa the cylinder on the end of the 2nddischarge valve of a flash drum;

(0023] Wherein the blomass into the cylindrical cylinder or optionally into the is cannected to

the cylindrical of the cylinderin the tube states ;

f0024] C} closing the cylindrical cylinder and branch line Gf any);



(0025] D) optionally via a cylindrical in the cylinder apply a vacuum to the at least one part,

f0026] E) a cylindrical drum or middle of the branch pipe of the at least one port by adding

containing an aqueous ammonia solution, with respect to the cylinder is added in an amount

of the dry weight of the biomass in less than about 12 weight percent, so as to generate

biomass and ammonia-water mixture, in addition the relative to the dry weight of the

biomass, said biomass with the weight of the ammonia-water mixtureis at least about 15

weight percent of high solid concentration, and through the cylindrical cylinder or a branch

pipe (if any} to the 2nd port of the steam, in order to make the temperature in the cylinderis

between about to reach the 85 |...) and about 180 the between[...].

10027] F) closing the cylindrical cylinder and branch line Uf any) to provide the ports in the

non-permeabie chamber;

[0028] G) in said impermeable chamber said biomass with an ammonia-water mixture is

maintained at the suitable temperature for a period of time under, the time is between about

30 seconds and about 4 hours;

[0029] H} optionally the displacement of the pistan through the said biomass with an

ammonia-watermixture in the cylinder to the cylindrical moving 2nd chamberin (if they

exist), wherein the compacted material can not be stated, and maintain between about 2

miriutes and 4 hours for a period of timebetween the; and

(0030] }) through the piston willmove said biomass with an armmonia-water mixture through

{gs} or (h} of the impermeable cylindrical cylinder and throughthe discharge valve into the

flash tank;

f0031] Wherein the production of the biomasstreated.

[0032] In another aspect, a method for the treatment of a biomass, the method comprises:

f0033] A} providing a mixture of biomass and containing an agueous ammonia solution,

wherein, relative to the dry weight of the biomass of the gross weight of biomass and

ammonia-water mixture is at least about 15 weight percent, and the amount of ammonia



relative to thedry weight of the biomass, less than about 12 weight percent;

[0034] B) use the feeding machine non-compaction (a) the biomass with an ammonia-water

mixture into the apparatus, the apparatus including:

'0035] {} cylindrical cylinder, the cylinder is equipped withthe piston of the end of the ist and

2nd is equipped with the tail end of the discharging valve;

fQ036] 1) optionally a branch pipe, said branch pipein a branch pipe is connected with the

end of the tail end of the Ist close to the cylindrical cylinder on the cylindrical cylinder, and in

the said branch pipe of the branch pipe is not connected with the end of the valve can be

sealed;

[0037] Hi) cylindrical cylinder or at least of the branch pipe 2 a the port can be sealed;

10038] iv} valve, thevalve in the cylindrical cylinder of the cylinderis divided into separate 2nd

ist chamber and the chamber, the chamber having Ist the lst with thetail end of the piston

in the cylinder, and the 2nd chamber having is equipped with a discharge valve of a cylinder

the end of the 2nd; and

[0039] V} is connected to the cylinder on the end of the 2nd discharge valve of a flash drum;

10040] Wherein the cylindrical drum of the biomass into the Ist chamberor optionally into the

#s connected to the cylindrical of the cylinder in the tube states;

10041] C) closing said Ist in the cylinder chamber and the branchpipe {if any);

10042] D) optionally at least ane port through the vacuumis applied;

£0043] E) or the branch pipe through the lst chamberin at least one of the lst port (if existing)

adding steam in order to make the indoor temperature reach the is between about 85 the and

about [...] the 180 between [...];



(0044] F) closing the lst chamber and the branch pipe(if existing) to provide the ports in the

ist chamber can not be penetration;

f0045] G) in said impermeable Istchamber in said biomass with an ammonia-water mixture

will be kept in the appropriate temperature for a period of time, the time is between about 30

seconds and about 4 hours:

10046] H) optionally, the displacement of the piston through said biomass with an ammonia-

water mixture through the opening of the valve can be moved through theinfiltration of the

ist chamberinto the cylindrical in the cylinder in the 2nd chamber, wherein the compacted

material can not bestated,

10047] 1) optionally, the opening or closing of the valveinorder to form the 2nd-impermeable

chamber and keep the biomass and ammonia-water mixture is between about 2 minutes and

about 4 hours for a period of time between the; and

f0048] J} in step (2) or the step () through the displacementof the piston after said biomass

with an ammania-water mixture moving through the discharge valve into the flash tank;

10049] The compacted material can not be stated and so as to produce the treated biomass.

f0050] Additional aspects of the present invention has been in accordance with the method of

the present invention processing biomass, comprising through saccharifications biomass and

of a hydrolysis product of fermentable sugar, the biomass has been through the method of

this invention for theprocessing.

[0051] Biamass means any fibrous and/or wooden cellulosic material, can include biological

energy crops, agricultural residue, municipal solid refuse, industrial solid waste, yard refuse,

wood and forestry refuse or their combination. In order to reduce the size, increasing the

surface area of the exposed, and/or increasing biomass in present in the cellulose,

hemicellulose and/ar oligose availability, can be in the step (a) before the applicationof

energy to the biomass.

10052] Description of drawings



[0053] Figure Lis a schematic diagramof the apparatus used in the present invention one of

the embodiments.

[0054] Figure 2 is a schematic diagram of the apparatus used in the present invention the 2nd

embodiment.

[0055] Figure 3 is a schematic diagram of a discharge valve of the gradual expansion of the

venturi tube an embodiment, the valve is closed,

[0056] Figure 4is a schematic diagramof Figure 3 the gradual expansion of the embodiments

of of the venturi tube, said valve opening.

[0057] Figure Sis a schematic diagram of V-type port valve of the gradual expansion of the

venturi tube an embodiment.

10058] Figure Gis a schematic diagram of type swing check valve of the gradual expansion of

the venturi tube an embodiment, thevalve in the closed in A, B in the opening.

f0059] Invention details

f0060] The applicant in the referenceliterature all the integrity of the reference cantent in the

introduction of the disclosure. Furthermore, when the quantity, concentration, or other value

or parameterin order to range, preferred range or, preferably, the upperlimit value and lower

mit value when the tabular form, should be understood as the same by any the high range

mit or preferred value and any lowerlimit or rangeof any of the preferred values of all the

range on the form, and no matter the stated range are individually open. Where the given

herein is a numerical value range, the range is intended to include its end point, is located in

the and all within the scope of an integer and a fractional, unless otherwise noted. When

defining a range, not intended to be limited in the scope of this invention specific values of

theUsted,

f0061] The present invention provides for processing biomass in order to makeit pass

saccharifications to the production method for the fermentation of sugar. in order to easily

can be through the production of valuable products, such as fuel and other chemical



products, Through the pre-treatment, saccharification and fermentation step, can be the use

of renewable biomass (including waste biomass) to production of valuable chemical

products, the chemical product demand of the oil can be reduced.

[0062] Definition:

[0063] The use of benzene in many terms. The following definition is given.

[0064] \"Biomass\" means any cellulosic or wood cellulosic material, including a cellulosic

material, and optionally further comprising hemicellulose, lignin, starch, oligosaccharide

and/or monosaccharide material. Biomass may also include additional components, such as

proteins and/orlipid, As stated in this invention, the biomass can be derived from the single

source, or derived from biomass may include a mixture of more than one kind of sources;

such as biomass may include corn cobs and corn stalk or of fibrous mixture, or a mixture of

grass and leaves. Biomass including, but not limited to, blological energy crops, agricultural

residue, municipal solid refuse, industrial solid refuse, the sludge from the papermaking

industry, garden refuse, wood and forestry refuse, Biomass examplesinclude, but are not

iimited to, corn, corn cobs, crop residues such as corn shell, carn straw, corn fiber, grass,

wheat, wheatstraw, hay, stalk, switchgrass, waste paper, bagasse, sorghum, soybean shell or

stalk , obtained from cereal, tree, branch, root, leaf, wood chips, sawdust, shrubs and

underbrush, vegetables, fruit, flower and the ruminant animal manure component of the

article. In one embodiment, the biomass used in the present invention includes a

carbohydrate value relatively high biomass, their relative-intensive, and/or is relatively easy

to collect, transport, storage and/or processing. In the present invention in one embodiment,

theavailable biomass includes corn cobs, corn straw, corn fiber and bagasse.

10065] The term \"fermentable sugar\” or \"sugar\" means into a target fermentation can be

readily of the monosaccharide oligose and chemical products.

[0066] The term \"woodfiber," means a material containing lignin and cellulase. Wooden

cellulosic material can also include the hemicellulose.

f0067] The term \"flbrous\” means a material containing cellulose.



[0068] The term \"glycosylated\" from the polysaccharide in production can be fermented

sugar,

f0069] Biomass removed \"dry weight\" means all or substantially all the weight of the

biomass after the water content. In accordance with the normally dry weight of the test

materials (ASTM) standards association E1756-01 (Standard TestMethod for Determination

Biomass Solids Total of in) or paper pulp and paper-making industry and technology

association, thestandard Inc. (TAPPI T-4120m -02 (Moisturein Pulp, and Paper

Paperboard) is measured.

10070] The \"containing an aqueous ammonia solution\” means in an aqueous medium using

ammonia (NH.3), comprising ammonium ion compound (NH 4°} such as ammonium

nydroxide or ammonium sulphate, when the degradationto release ammonia compound

such as urea, and combinations of them.

{0071] The term \"treatment\” means the process of the reactant material, wherein the

material changes the physical and/or chemical nature.

[0072] The term \“reactant\" be used in the processing method to changethe target material

under the condition of the physical and/or chemical nature of the composition.

(0073] For saccharification can be \" the enzyme gathersthe living body \" in order to produce

the biomass mixture of fermentable sugar combination of enzymes. Usually saccharifications

the enzyme gathers the living body can include one or more glycocidase, the glycosidase can

be selected from hydrolysis of cellulose glycocidase, hydrolyze hemicellulose glycocidase and

starch hydrolysis xylosides enzymatics, Saccharifications the enzyme gathers lives of the

other pulley body including peptidase,lipase, lignin enzyme and the ferulic acid esterase.

[0074] The terminology of the about the biomass \"“processing\" or \"pre-processing\"

associated with the following method, With the reactant to processing biomass in order to

form the treated biomass product, which can also be referred to as processing in order to

form thepre-treatment of biomass in order to form or pre-pre-processing of the biomass, The

use of \“pre\" is used to distinguish the saccharifications biomass prior to biomass processing

of,



[0075] Method of treating biomass

f0076] In shared and co-pending US Patent application # 11/402757 NA disclosed in in for

treatment of biomass fermentation of sugar production method, the method including the

use of low-streneth ammonia water to pre-treating high concentration of biomass. The

applicant has already developed with low intensity, ammonia and high of the substance

concentration conditions of the new method for the effective treatment of biornass. The

applicants havediscovered, the method of the present invention surprisingly very successful,

this is because to avoid compaction of biomass at any stage, and therefore in the biomass

compaction in the system with processing the reactant to improve the penetrability of the

raw material. In the in the system of the compacting biomass, biomass compaction state can

be eliminated, improving the reaction of the reactant with the processing thereof, but this

requires high energy input and thus improves the cost of the system. In the method of the

present invention, does nat need to remove compacted state steps or method.

[O077] in order to reduce the cost of processing the raw material of a large scale, have

developed the method of the present invention, whereinthe adding of the biomass non-

compaction state in the fixed equipment, and will be in the same state non-campaction

moving through the apparatus. non-compaction state by keeping the biomass, biornass

material not be crushed natural smail hole and the channel. In the method of the present

invention comprises processing the reactant far usein armnmonia and steam. These reactant

non-compaction natural biomass capable of passing through the small hole and the channel,

the fiber of the raw material and the woodfiber material provides rapid full effect. The

processing method for processing high-efficient production of biomass, said biomass after

effective saccharifications in order to produce the fermentable sugar, and therefore the units

of each enzyme dosage to the reaction time of the biomass carbohydrate to solution high

conversion rate.

(0078) Reference to Figure 1 and Figure 2 can be preferably a schematic diagram of

geographical xie Ben method of treating biomass of the invention, the piston/cylinder

apparatus for displaying a schematic diagram of the two embodiments, and the following in

the treatment process ofthis invention in the description of using the device, For graphic

clarity, these Figures are simplified, wherein some components omitted as shawn in Figure 3

and Figure 4 the flange in. Figure Lis the apparatus in the test-scale reactor, It comprises a



horizontal cylindrical shape room(10), with an open states the cylinder room the end of the

ist order to be used for adding biomass (11), after adding biomass by inserting the movable

plug (12) to seal it, the movable plug used for a certain type of piston. Cylindrical chamber

having ist can seal part (13) in order to be used for adding an aqueous ammonia solution,

2nd port can be sealed (14) in order to be used for the cylindrical steam to the biomass shape

room , the port can be sealed and 3rd (15) in order to be used for applying a vacuum. Steam is

injected to increase the temperature of the biomass and ammonia-water mixture in order to

be used for the treatment reaction. Heat insulation jacket (16) coveringthe cylindrical shape

room.

10079] in biomass, applied vacuum, and containing ammonia water solution and steam after

foining, sealing port (13, 14, and 15) and Is kept at the required temperature. After a certain

period of time, by moving the valve shaft (19) of the cylinder the end of the 2nd cylindrical

opening (18) of the previous in closed dischargevalve (17). Valve shaft extends through the

adjacentthe flash drum (21) separating the downward in the inside of the bent tube (20) in

the hale, the distal flash drum and passes through the packing gland (22) until the actuator

{23}, Through the cylindrical plug of the cylinder at the end of the ist ist end of the mabile,

the biomass and ammonia mixture pushes through the discharge valve (17). Blomass through

the discharge valveand through the bent pipe (20) into the flash drum (21) in. The upper

cover of the opening at the bottom of the flash drum (24) allowto lead to pre-processing of

the biomass. The port at the top of the flash drum (25} allowsteamta escape, and through

thepipe (26) is connected to the condenser (27) upper.

(0080) The invention embodimentof fig. 1 shown in its in the present invention apparatus and

method for use in the treatment of the embodiment of described further below. The reactor

type piston of thepiston equipped with a horizontal orientation 5.1 cm & 68.6 cm stainless

steel cylinder. Four O-ring for sealing the piston to the cylinder, the piston and the back of the

discharge period the piston Is pressurized with nitrogen (the most sastrowardoyo 5600KPa).

68.6 cm cylinder equipped with eight multi-purpose port, alongthe top surface and a bottom

surface 4 a, they allow for vacuum, ammonia injection, steam injection, and is inserted into

the method to measure the temperature of the therrmocouple. Reactor-cylinderis equipped

with a steam jacket is used for uniform heatingof the cylinder. The reactor-cylinder directly

connected to the vertically-oriented 15.2 cm * 61cm stainless steel of the flash drum. The

end of through the tapered nozzle and base shear valve arrangement of the cylinderis



separated from the flash evaporation groove. The diameter of the cutting die head end valve

is 3.5 cm. Tapered nozzie andis adjustable on the base of the back pressure of the, mast

testing use -138kPa (measuring pressure) to the back pressure, make it enter 10.2 cm

diameter in the air of the cylinder, the cylinder and the end of the conical nozzle is connected

to the shear valve. Shearing of the valve the end of the tapered spout can be retracted a

maximum of 1.6 cm, allowing the dischargeof the flash tank. Shear valve outlet in the end of

the pipe to guide the treatment of solid downwardly into the bottom of the flash drum,

wherein the solid can be through hits the slot easily rermove the dome at the bottom of the

bolt. The upper part of theflash drurn to a steam chest flange is processed inte the flash drum

with the axis of the slot is at right angle ta the special outlet, this causes the release of the

steam along the corner path in the discharge device, helps to prevent the generation and

water droplets left over from the biomass particles into the exhaust gas in the condenser.

Along the flash drum three strip-like electric heater (as the 60 [...]) and insulation, so that the

heat treatment of solid shem steams in the heating container, better method for the analog

commercial scale,

{0081] in another embodiment, small type piston reactor constructed as described above,

besides 45.7 cm outside the cylinder, no steam jacket, the three strip-like electric heater, is

covered with a siicone-filled glass fiber jacket of 2.5 cm thick as a heat-insulation glass fiber

mat, and three multi-purpose port. Other part includes the large cylinder-piston reactor used

in a flash drum, shear valve, and the bent tube.

10082] Figure 2 the deviceis shown in the reactor design of a commercial scale. It includes in

the end of the Ist (33) fitted with a piston (34) and the end of the 2nd (41) fitted with a

discharge valve (40) of the horizontal cylindrical cylinder. The heat insulation treatment of the

cylinder and has a non-permeable wall. The branch pipes (31) is connected to the Ist end

close to, and the valve (35) is positioned in the feed valve is not connected to the end of the

branch pipe, The hopper (30) is connected ta the branch pipe of the tail end of the valve.

Biomass is added through the hopper. non-compaction can be used to control the How-

guiding device from the hopper (30) the biomass is added to the branch pipe (31) in. Branch

tine has Ist sealing port (36) and 2nd seal port (37), they are used for when the ammonia

water and steam moving when to the cylindrical cylinder, to the biomass in the branch pipe.

2nd valve (38) is divided into cylindrical lst shape room the cylinder (32) and the 2nd cylinder

shape room (39). Biomass and armmonia-water mixture through the branch pipe into the ist



chamber, wherein by adding the steam reach the required temperature and pressure. The

piston is moved through the non-permeable cylinder to promote biomass and ammonia-

water mixture from chamber through opening of the lst 2nd valve (38) into the 2nd chamber,

and the 2nd chamber(39) through the contents of the opened discharge valve (40)is

transferred to the flash drum (42) in. 2nd chamberis previously moved to the chamber under

the conditions of use and the requiredtime of dealing with the reaction of the blomass and

the ammonia-water mixture. Then turn off 2nd vaive (38) and is pulled back to the piston (34)

in orderto Ist cylindrical shape room (32) to a loaded substance and repeat the cycle

process. in flash drum {42} in, biomass move through the downward bentpipe {43}, The upper

cover of the opening at the bottom of the flash drum (44) allow to lead to pre-processing of

the biomass. The port at the top of the flash drum (45) allows the ammonia steam from

escaping, and through the pipe (46) is connected to the condenser (47) the upper.

{0083] Can use the carbon steel or stainless steel to manufacture the device. Cylindrical

cylinder can be as shown In Figure 1 and 2 is horizontal the, or it may be a vertical type. As

shown in Figure 2 with vertical of the cylinder af the branch pipe and the happer will be

adapted to allow the biomass into the cylinder chamber, such as at less than 90 degrees of

angle. Those of skill in the art will be able to easily dispose the device with the vertical

cylinder. For example, the vertical-type cylinder can be positioned in the flash drum andis

connected with the above, the connection is not a downward bend, because flow through the

discharge valve will have already the downwards. Determining flash tank is vertical or

horizontal and technical personnel in this field within the range of the capacity. In the

method of the present invention the vertical groove Is more suitable forammonia treatment,

it is conducive to removing and trapping ammonia released by the flash tank.

(0084) Figure 1 and 2 two embodiments in the similar function, adding biomass and make the

mobile through the reactor under non-compaction state. The plan with achamber 1 of the

embodimentis a one-time processing of the blomass sample batch system. Figure 2 with the

embodiments of the two separately through the valve chamber, allows the semi-continuous

or batch operation, the blomassis loadedat the same time bya plurality of times. In the 2nd

embodiment, full load after 2nd chamber, wherein each of the continuous biomass loading

into the 2nd chamber associated with each piston displacement cycle through the discharge

orifice to discharge the corresponding volume. 2nd chamberfor a certain period of time in

the numberof times thecycle of piston displacement, and hence the 2nd chambersize, with



each of the biomass sample related to the required dwell time. The dwell time in the

following text with reference to the method of the invention processing temperature and

time for further discussion.

{0085] The methodof the present invention is particularly suitable for processing with respect

to the treatment reaction of the biomass, ammonia and steam mixture of the weight of the

higher biomass dry weight of the biornass. High expectations the treatment of heavy

concentration of biomass in order to offer the saccharified hydrolysate concerttration of

sugar production of the biomass. The provision of such biomass the characteristics of the

method of the invention itis not extruded, thus allowing the concentration of effective

processing of high dry weight of the biomass. The method of this invention is used for the

initial dry weight of the biomass, blomass and ammonia water of the total weight of the

mixture of at least about 15%. More typical, biomass dry weight of at least about 20%and can

be at least about 30%, 45%, 50%, or higher. The percentage dry weight of the biomass can be

changed, and different types of blomass from the best percentage can be different. For

example, when using the corn cobs, expect at least about 24%of the dry weight percentage,

in order to offer saccharifications pretreatment of sufficient concentration to fermentation of

biomass te produce the fermentable sugars to ethanol. More suitable is at least about 30%of

the biomass of corn. The technology in the field of decision to high sugar hydrolysis product

for the production method of the invention in a particular type of biomass in the preferred dry

weight percentage.

f0086] The sources can bedirectly obtained from biomass, or the application of energy in

order to reducesubstantially the size of the, increase the surface area of the exposed, and/or

increasing biomassin present in the cellulose, hemicellulose and/or the availability of the

oligosaccharide. For this purpose the energy device, including those not be crushed biomass

or the compacted apparatus, so as not to undermine the biomassultrastruct, For example,

can be cut, chopped, or truncating garrulous biomass. When the in order to not be crushed

biomass way shear Ultramicro structure can also be used when the jaw crusher.1In the

method of the present invention pre-processing before the toothed disc type purifier can also

be used to reduce the size of the biomass.

10087] in the processing method of the Invention used in the biomass feeding machine non-

compaction mobile to the cylindrical cylinder. In the most simple case, the feeder means non-



compaction biomass packed into the cylindrical opening of the cylinder in the Ist end. Ifthe

there are two chambers in the cylinder, in the Ist chamber canbe loaded. The method

described in the embodiment hersin, the use of as shownin Figure 1 of the reactor. In Figure 2

of the reactor is shown in hopper feeder non-compaction. Hopper can be a self-unloading,

and/or can be equipped with the do not provide pressurestrength of the low-guiding device.

May, for example, use a plurality of types of live bottom box guide wheel, followed by flow

metering conveyor such as various types of drag chain, chain bucket elevator, or spiral rotary

conveyor(such as the Acrison Device). In 1st into the cylindrical chamber the amount of

biomass is limited, in order to allow to allow biomass expansion space, the expansian may be

added to the ammonia and steam.

10088] Vacuum can be added to comprising the cylindrical cylinder of the biomass. if the there

are two chambers in the cylinder, the vacuum can be appliedta the Ist chamber containing

biomass. Usually ifa vacuum is applied, the pressure-reduced to less than approximately

20kPa, in the branch pipe through the cylindrical cylinder or the one or more ports to an

aqueous ammonia solution containing, the added in an amount of ammonia relative to the

chamber on a dry weight of the biomass, less than about 12 weight percent. Good

distribution suitable for using more than one port for ammonia solution is substantially

evenly distributed to contact with the biomass.if the there are two chambers in the cylinder,

the ammonia solution is added containing the biomass in the Ist chamber. More appropriate

the amountof addition of ammonia relative to the chamber can also be dry weight of the

biomass is between about 4% and about 6%between. Can be preheated ammonia solution,

this will contribute to increased temperature of the biomass. In an alternative embodiment,

cylindrical lst shape room the arnmonia is mixed with the biomass before. Biomass and

ammonia water can be mixed in the container into the cylindrical chamber Ist. For example,

ammonia and water pump inlet can be through a bullt-in heater, then enter in paddle type

stirrer containing biomass. With ammonia-water mixture is then loaded into the biomass ist

in the cylindrical chamber, wherein the steam js injected after closure room. As the other

option, can be premixed biomass, ammonia, and the steam and into the cylindrical chamber

ist. Below under the temperature and pressure of the, many ammonia will evaporate into a

steam, vapor permeation in the pretreated biomass. Furthermore, since the collection can be

flash tank of the circulation wet-ammonia steam injectionin order to form a part of the total

adding ammonia.



10089] In the method of the present invention, containing an aqueous ammonia solution can

aiso optionally include at least one additional alkali, such as sodium hydroxide, sodium

carbonate, potassium hydroxide, and potassium carbonate. Can be added to the at least one

additional alkali, to the biomass dry weight added in an amount of up to 10 weight percent.

For example can be by using additional alkali to biomass in and of the acid, so as to provide

metal ion in order to be used for glucoamylase or the fermentation medium.

(0090) Because in the method of the present invention raw material is not compacted,it will

not block the steam channel, blamass compactionin use in the systemof the steam channel

wil be blocked. So joining steam chamber closed before the steam Is Injected. Sealing in

addition to one or more of the steam to the port of the other part. The cylinder as the piston

or at the end of the Ist of the piston and close the valve plug in position. The valve can be any

opening or closing valve, such as poppetvalve ar the rotary knife gate valve.

[0091] in the cylinder through one or more of thevalve or the steam to the branch pipe, needs

to be added can improve the steam quantity of biomass and ammonia-water mixture

temperature to the required temperature point. ifthe there are two chambers in the cylinder,

the steam to the chamber containing the biomass in lst. More suitable is the use of a more

than one port, and inter-port have a certain distance, in order to steamdistribution to the

biomassin contact with it. Adding steamin order to make the biomass and ammonia

temperature of the mixture is increased to between 85 the and about [...] the 180 between

[..J. required, can be through 2nd cylindrical shape room (if existing) adding additional the

ports in the steam in order to keep the required temperature, The apparatus may include a

heating jacket, steam jacket, heater, or heat insulationjacket to facilitate to improve and/or

maintain a temperature. Heating jacket or stearn jacket is especially suitable for small-scale

reactor, and heat-insulating jacket is suitable for large-scale reactor. Heating can be in

different stages, including the preheatedbefore the treatment or pretreatment of the

cylinder.

(0092) Below 85 the temperature of [...], ammonia waterof low intensity for the required time

of processing will be very long. The processing time required to reduce the increase of

temperature, For example, in 85 the under [...] may be requiredfor the processing time is

between about two hours and aboutfour hours, in 180 the processing may be carried out

under [...] only a few minutes. in Figure 2 the reactor in batch feeding cycle function of the



need to havesufficient time to carryout a plurality of times of feeding. The thus selected fora

time Umited time and temperature combination, the combined time enough to function the

embodimentof the reactor, and the moderate temperature can provide economical method.

in the moderate temperature lower, low cost can be usedof the low-pressure steam. The

condition is more appropriate is between about 120 the |...] and about 160 the temperature

processing of [...) is between about 60 minutes and about 5 min, time is reduced along with

theincreaseof the temperature. in particular, the appropriate conditions is between about

140 the [...] and about 150 the temperature processing of [..] is between about 30 minutes

and about 10 min, time is reduced along with the increase of the temperature. To the type of

pre-processing of biomass can also influenceprocessing in the method of the present

invention the best time and temperature, those of skill in the art can easily evaluateit.

[0093] The biomass in the reactor room temperature to maintain a required dwell time is the

time. When using only the lst chamberof the reactor, the residence time in the Ist chamber.

When using has the 2nd ist chamber and the reactor chamber, the time of the Ist chamberis

sufficient to only in the 2nd chamber moves to the mixture of the biomass and reactant

combined before, the dwell time in the 2nd chamber. In this case, the time of the lst chamber

can be about 30 seconds, the time of 2nd chamber can be between about 2 minutes and 4

MOUs.

f0094] In the method of the present invention using steam to reach the temperature of the

biomass in the reactor room pressure is between about 60kPaand about 750kPa between.

More typical, pressure is between about 300kPA and GOOkPA between, With respect to the

other known pre-treatment method such as US 5037663 the AFEX method, wherein use

1150kPa to 4250kPa pressure, ar US 4461648 the steam jet method, wherein the about

1860kPa to about 5600kPa pressure (such as this article chart 1 shown), these pressure to be

relatively low pressure. Under the pressure of the more moderate operating the method of

the present invention provides low cast system, which can use low pressure steam.

(0095) In the method of the present invention, the blomass non-compaction state the mobile

through the Ist chamber and the 2nd chamber(if theyexist}. This can use the piston and non-

permeable cylindrical shape room to complete. For the purposes of the present disclosure,

may include any of the piston can be used as products of the piston, such as the plug is

pushed into the chamber, and any type of standard piston. Can use any applied pressure



sufficient to mave the biomass of the method, the chart 1 in the type of reactor of iNustration

the plug is pushed into the chamber. The methodis in particular suitable for after the end of

the plug inserted in the static closed provides the room , such as a cylinder head of the bolt,

between the closed and the plug is then introduced into the nitrogen in order to accumulate

pressure and movesthe plug. The spigot can be through other device to move, such as the

use of is connected to the hydraulic, pneumatic, or electric actuator with a push rod,

(0096) The cylinderof the apparatus is not permeable (close all ports and valve}, wherein

there is no sealing of the wall penetration, so the liquid from flowing out of the cylinder.

Liquid retained in the piston under thecondition of without compacting biomass moving

them. In the processing method of this invention the liquid is limited, the chamber wall can

be lubricated, the flow of nan-compaction in response to the pressure of the piston. in fact,

piston pressure can be temporarily slightly extruded biomass, like sponge, the biomass

extrusion to the aperture and the degree of collapse ofthe channel After piston pressure is

removed, the biomass can be absorption quid does not enter the pressed in the small hole

and the channel. In order to help the biomass flow, suchas the lubricating fluid can be room

the soap leads in vegetable oil. The wall of the chamber can be madeto improve the fluidity

of the rifle, which is not continuous partion such as angled groove byfriction can be reduced,

thus reducing yield stress and improve the biomass flow. The biomass non-compaction

maintains generation of the handling of the hale filled witha liquid, this will promote the

subsequent saccharifications.

f0097] In the methodof the present invention, the temperature processing required after the

time required for, biomass and ammonia-water mixture will move through the cylindrical

cylinder at the end of the discharge valve into the flash tank. Biomass in the required

temperature during the reaction with ammonia water and closing the discharge valve, and

then opens the discharge valve the biomass through. As shownin Figure 2, the piston in the

ist chamberafter produced the pressure in, in order to replace the content of chamber Ist

2nd all contents of the room, in the reactor the two chambers and the discharge valve

opening between the Ist and 2nd chamberat the same time the opening of valve.

[0098] Can be used for the discharge valve of the V-shaped port rotary valve, swing check

valve, and lifting the discharge valve to instantiate. As shown in Figure 1, in the small-scale

reactoris particularly useful in driving the piston is of the lift valve type dischargevalve,



wherein the valve baseis Hardside upstream side of the discharge hole, and the valve base

relatively soft the downstreamside sealing piece leans against the hard surface of the valve

rod, when the valve rod Is retracted to open the valve, vaive base other than continued ta

increase flow area,

10099] The most suitablelifting valve-typed discharge valve will be connected to a

progressive expansion of the venturi tube a. Progressive expansion of the venturi tube a UR

valve of the embodiment in Figure 3 shown in, the venturi tube as shown In Figure lthe

discharge valvewhich is applicable to small-sized reactor. This vaive with the canical nozzle

and shear valve arrangementof the base. in order to avoid clogging, the design as shown in

Figure 3 (closed position) and Figure 4 (the open position) shownin the progressive

expansion of the venturi tube in order to accelerate the solid through the venturi tube of the

fixed outer cone (50) of the venturi tube and a movable innertaper (51) to expand smoothly

between the gap, wherein the movable inner cone is arranged on a vaive shaft (52) on the end

of the. The outer cone of the venturi tube is inserted in at the reactor room (54 ; equivalent to

Figure 1 of the in 10) outlet of the flange (53) and flash drum inlet flange(55) is generally

between the annular venturi tube. Conical in the venturi tube (51) isin the reactor outlet vaive

shaft (52) at the end of the noses. Conical in the venturi tube and the valve shaft is located in

the discharge elbow (56; equivalent to Figure 1 the in 20) internal, located in flash drum

discharge elbow pipe (57 ; equivalent to Figure 1 the in 21} internal. The valve shaft is

connected to the actuator (58) to control the mobile. The actuator can is able to move the

valve shaft of thefront and rearflat any device, such as electric, pneumatic or hydraulic

moatoy, pneumatic valve actuator, or hydraulic piston. When the valve shaft in its farthest left

position, the internal cone of the base against the outer edge of the outer cone to the inner

edge of theseal the reactor during the processing period discharge end. When the discharge

time of the reactor, to moveto the right to provide flash vaporization Wen Qiu valve shaft in

the opening of the pipe to a required size.

[0100] The design provides regional the flash evaporationof a certain length, in the direction

of flow in the region expansion smoothly. In this design, progressive opening of the biomass

solid along the axis of the annular conical nozzie accelerating, this avoids the sudden

blockageof the expansionin the radial direction.

10101] The progressive expansion of the venturi tube another embodimentin Figure Sis



shownin, the venturi tube is suitable for use asa discharge valve, especially in as shown in

Figure 2 used in a large-scale reactor. This ts of a V-shaped port embodiment, wherein the

flash expansion machine of the venturi tube in the valve body. flash vaporization Wen Glu

pipe in the fixed body(70} from the reaction chamberin (72) the narrow portions of the outlet

end (71) and expanded to the Hash drum (74) expanding part of the entry (73). The center of

rotation of the cock(75) is the openingof the angle (76), which when in the position of the

opening of the narraw partion with the reactor chamber(71) are aligned, and expanded to

flash drum (73). The ratation centre (75) screw-on half-in order to prevent the alignment of

the near the valve of the faucet.

10102] Progressive expansion of the venturi tube of another embodimentinfig. 6 is shownin,

the venturi tube is suitable for use as a discharge valve, especially in as shown in Figure 2

used ina large-scale reactor. This is the embodiment of the swing type check valve, ithas a

conical nozzie (80), is suitable for in the reactor room (72} and flash drum (74) between the

entrance of a narrowjoint (81) (Figure 6A). The conical nozzle is for connectian to the shaft

{83} of the arm (82) Is, the shaft passes through the packing gland until the rotary valve

actuator. The rotation direction of the shaft as shownby an arrow of dotted line in, the

mobile arm clockwise to open the joint, form a progressive expansion of the venturi tube

(Figure 6B}. For the progressive expansion of the venturi tube of the swing check valve of

another embodiment, the diameter of the cone-shaped nozzle can be a plurality of feet, the

mobile a distance counter-clockwise in order to open only a few inches of the valve (less than

8 cm}.

[0103] Biomass and ammania mixture moving through the discharge valve into the flash tank,

the flash tank will be able to maintain the vacuum.A flash tank in the ammonia released from

the treatment of biomass and cooling biamass, to prepare for saccharification. Can use any

typical flash drum, its has tangential or volute inlet, to provide the most suitable for the

separation of the function of the pipe. Particularly suitable to Hash several times are

sequentially exerted on the different pressures, with the release of ammonia from the

pretreated biomass. For example, the flash evaporation pressure Ist time close to

atmospheric pressure, most of the free ammonia is usually removed and the material is

cooled to about the 100 [...]. 2nd-timeflash pressure is less than approximately 20kPa,

remove the remaining free ammonia and the material is cooled to about the 50 [...] , the

ternperature is saccharifications the required temperature.



10104] From the flash tank throughthe relief valve in the mixture of the biornmass and

ammonia of ammonia release from the flash tank steam canrecovery, and can be recycled.

From the low-pressure flash steam can be used without intermediate cooling standard steam

re-compression equipment (such as a turbine or steam jet pump) recycling. Thus ammonia

steam may not be condensed directly cycie is used for processing, or may be candensed prior

to reuse, In the latter case, as shown in Figure 1 the steam is added to the collected in the

condenser,

[0105] Reducing treatment of biomass will reduce the ammonia in acid consumption and to

reduce the pH, the acid used for adjusting the pH of the saccharification enzyme activity to

achieve the satisfactory level. This is it is desirable, because large can lead to the addition of

an acid to form a salt, its concentration to glucoamylase or to inhibit microbial growth, On

the other hand, residual biamass can be used as a nitrogen source, ammonia, in order to

maintain the growth of the microorganism in theperiod of fermentation. Therefore, the

remaining ammonia can reduce or eliminate nitrogen sourcefor the fermentation during the

need for supplementing culture medium. Removing at least a portion of the ammonia

usually, this reduces the pH but leave some nitrogen, these the nitrogen uses in for

subsequent fermentation to provide the kind of nutrient material.

f0106] When the pre-treatment of biomass in accumulated at the bottom of the flash drum,

carn be used for the agitator type, can be connected tothe stirrer states the propellor type the

bottom of the flash drum.hits the slot usually through the bottom ofthe flash drum a cover

member is removed from the bottomof the pre-processing of the blomass. For continuous

extraction of mechanical device overlaying the pre-processing of the biomass,is especially

suitable. In order to in the apparatus of the present invention processing multi-batch of

biomass, a batch of biomass and ammonia canbein-cylinder indoor, however another

number of in the Hash tank. In the two chamber device, the material can be several group at

the same time in the two chambers js and flash evaporation. Furthermore, can be removed in

a flash tank before the collection of muiti-batch pre-processing of the biomass.

[0107] After treatment, the mixture of the product usually includes ammonia, biomass and

partly degradation numberof fermentable sugar. Can be rermoved from the flash tank

comprises a soluble portion and a water Insolublepart and all of the pre-treatment of

biomass using themin saccharifications in the reaction. As the other option, before



saccharification can be the biomass mixture from the pre-processed row go someliquid in

the saccharification reaction in order to maintain a highlevel of the biomass dry weight. After

processing of the liquid there may be excessive, especially when the need for a large amount

of steam and maintain the biomass processing is all the more so when the temperature of.

(0108) In another alternative embodiment, the biamass solid can be in the method of the

present invention by processing the re-circulation.

f0109] Saccharification

{0110} The method of the presentinvention for pracessing blomass in the presence of

glucoamylase (may becalled saccharifications the enzyme gathers the living body) further to

carry out hydrolysis under thecondition of, in the product in order to release the hydralysis of

the oligosaccharide and/or monosaccharide, The saccharifying enzyme used for bDlomass

processing and method refer to Lynd, L.R. People (Microbiol.Mol. BiolRev. (2002) 66 : 506-

577).

[0111] Before in saccharification, can be treated by the pre-processing of the biomass in order

to change the pH, composition or temperature make saccharifications the enzyme gathers

lives body an active enzyme. Can be through adding solid orliquid form to change the pH of

theacid. As the other option, can beutilized in the recovery of carbon dioxide fromthe

fermentation (CO >) to reduce pH. For example, if there is sufficient liquid, can be collected

from the fermentation tank CO 3 and into theflash tank at the top of the pre-treated product

of biomass throughthe pre-treatment space or bubble, monitored at the same time until the

pH reaches the required pH. The mentioned temperature reaches below the temperature of

the suitable for saccharification enzymeactivity. in the saccharification process can be added

to the enzymaticactivity of any cofactors.

{0112] Saccharifications the enzyme gathers the living body include one or more enzyme, the

enzyme is mainly selected fram (but) \"glucosidase\”" such, the enzyme hydrolysis Biose,

monosaccharide, or polysaccharide ether linkage, exists in the generalized \"hydrolase\" (EC

3.) of the EC classified enzymein 3.2.1.x( Nomenclature Enzyme 1992,Academic Press,

San Diego,CA Supplement with 1(1993), Supplement 2 (1994), Supplernent 3 (1995,

Supplement 4 (1997) andSupplements {in EurJ.Biochem. (1994) 223: 1-5, Eur_J. Biochem.



(1995) 232: 1-6, Eur.J. Biochem. (1996) 237: 1-5, Eur.J. Biochem. (1997) 256: 1-6, and

Eur. J. Biochem. (1999) 264 : 610-650 in}. In the method of the present invention can be a

glucosidase can be used according to their classification biomass componentof hydrolysis.

The method of the present invention can be used a glucosidase including hydrolysis of

cellulose glycocidase (for example, cellulase, endoglucanase, outer glucanase,

cellobiohydrolase, B-glucosidase enzyme), hydrolyze hemicellulose glycocidase (for example,

xylanases, inner xylanses, outside wood enzyme, B-wood gathers theglycosidase , arabinoses

wood/enzyme, mannanase, galactase, pectase, glucuronic acid enzyme}, and starch

hydrolysis glycacidase (for example, amylase, a-amylase, B-amylase, glucoamylase,a-

glucosidase, isoamylase}. Furthermore, other active agents can be added to the

saccharifications the enzyme gathers lives body, such as a peptidase (EC 3.4.x .y},pase (EC

3.1.4. xand3.14.x), (EC Lil. .x) lignin enzyme, and isoferulate sour esterase (EC 3.1.1.

73), from biomass in order to help release the polysaccharide in the other camponent. This

field iswell known, a microorganismproducing polysaccharide hydrolase often showsome

activity, such as a cellulose degradation, the active is composed of a plurality of enzyme ar a

group of enzyme catalysis with different substrate specificities, Therefore, \"cellulase\" from

microorganisms belonging to a, can help to all enzymes cellulose degradation activity.

Purification of the enzyme depends on access programme, commercial or non-commercial

enzyme preparation such as cellulase can include a variety of enzyme. Therefore, the method

of the invention can include the enzyme gathers theliving bodyenzymeactivity medicinal

preparation saccharification \"cellulase\", for example, howeverit is recognized that this

activity can be more than one type of enzyme catalysis. SACCHARIDASE can be commercial

acquisition, Spezymesuch as is obtained from Cellulase CP (Genencarinternational,

Rochester, NY) and Multifect Xylanses (Genencor}. Furthermore, through the biological

method to prepare SACCHARIDASEcan, including the use of recombinant microorganisms

method.

(0113] Those of skill in the art will know how to determine the use of an effective amount of

enzyme the enzyme gathers lives bady, how to adjust the conditions and in order to obtain

the best enzymeactivity. Thase of skill in the art will also know how to optimize the the

enzyme gathers lives body in the necessaryactivityof the enzyme, obtained under the

conditions in the selection of a given pre-processing the best saccharifications effect of the

product.



[0114] Preferably, saccharifications the reaction pH SACCHARIDASE the best temperature and

under or close te the opthnum pH and temperature conditions. in the method of this

invention, saccharifications the enzyme gathers body using the best temperature in about 15

the [...] to about 100 the within the range of [...]. In another embodiment, at about the

optimum temperature the 20 [...] to about 80 the within therange of [...]. The optimum pH

can be between about 2 to about 11 within the range of. Another embodiment,in the method

of this invention, saccharifications the enzyme gathers body to be the best at about pH 4 to

about 10 in the range of.

10115] Saccharifications can be aboutseveral minutes to about 120 hours, preferably from

about several minutes to about 48 hours. The reaction time will depend on the organella

enzyme density and, a substrate already in use and environmental conditions such as

temperature and pH. Those of skill in the art to easily decide specific substrate and

saccharifications the enzyme gathers the temperature of the organism used, the mast

optimal pH conditions and time,

[0116] Saccharifications can be in batches or ina continuous process. Saccharifications can

also be one-step or multiple steps. For example, glycosylated the required different enzyme

can exhibit different optimum pH or temperature. The available enzyme under a certain

temperature and pH first processing, subsequent use different enzyme under different

temperature and/or pH of the 2ndor 3rd time (ar more times) processing. Furthermore, the

continuous different enzyme steps for the treatment can be carried out in the same pH

and/or temperature, or at different pH and temperature, usedin, for example, a relatively

high stable under pH and temperature and higheractivity of the hemicellulase treatment, the

pH and temperature at a relatively low activity, cellulasetreatment.

[0117] Saccharifications after sugar of biomass can be by measuring the solubility of the

release of monosaccharides and oligosaccharides for monitoring. Measuring

monosaccharides and oligosaccharides method is known in the field. For example, the

concentration of the reducing sugar can be used 1, 3-dinitro salicylic acid (ONS) detection

analysis method (Miller, G.L., Anal.Chem. (1959) 31: 426-428) to be measured. As the other

option, such as the general method described in part, by using a suitable HPLC column to

measuring sugar.



(0118] Fermentation

[0119] Suitable microorganism can use biomass release fermentable sugar to produce the

target chemical products. After the sugar, but before the fermentation, can be through, for

example, evaporation can be concentrated saccharifications mixture in order to improve the

concentration of the sugar. Optionally, the liquid in the saccharification product can be from

a batch or continuous method for the separation of solid in. Optionally, liquid or all the

saccharification product can be sterilized before fermentation. Fermentation period depends

onthe use of microorganisms and saccharifications use during pH, pH can be adjusted toa

level suitable for fermentation. Furthermore, required by the growth of the microorganism

can be used for the additional nutrient material to supplement saccharifications mixture.

Supplementary agent can include, for example, yeast extract, specific amino acid, phasphate,

nitrogen source, salt, and trace elements. Can alsoinclude through specific biological

catalyst required to produce the component of the specific products, such as for retaining the

plasmid to antibiotic or enzyme catalytic reaction the necessary cofactors. Can also include

additional sugar in arder to improve the total sugar concentration. Saccharification mixture

can be used as the component of the fermentation broth, for example, preparationis

between about 100%and about 10%of the final culture medium between.

10126] Depending on the use condition of the fermenting microorganisms, can also adjust the

temperature and/or the top of the gas space. Fermentation may be aerobic or anaerobic. The

saccharification took place after fermentation can be, or can be through the synchronous

saccharification and fermentation process the (SSF) with the glycosylated deuterostomia.

SSF can causes the saccharification production of the sugar content is kept a low level, thus

reducing potential SACCHARIDASE product inhibition, reduce the usability of the sugar

contaminating microorganisms, pre-treatment of biomass and improve to monosaccharides

and/or oligose conversion,

(0121] Can be prepared by fermentation of the target chemical products including, for

example, acid, alcohol, alkane, alkene, aromatic, aldehyde, ketone, biological polymer,

protein, peptide, amino acid, vitamin, antibiotic, and medicine. includes mellowly , but not

limited to, methanol, ethanol, propanol, isopropanol, butanol, ethylene glycol, propylene

giycol, butanediol, glyceral, erythritol, xylitol, and sorbitol. Acid include acetic acid, lactic

acid, propionic acid, 3-hydroxy-prapionic acid, butyric acid, gluconic acid, itaconic acid, citric



acid, succinic acid and levulic acid. Amino acid includes glutamic acid, aspartic acid,

methionine, lysine, glycine, arginine, threonine, phenylalanine, tyrosine. Additional target

chemical products including methane, ethylene, acetone and industrial enzyme.

[0122] Can be through the one or more kind of appropriate biological catalyst in a ane-step or

multi-step barmy the chemical product intoa target fermentation of sugars. Biological

catalyst can be selected from bacteria, filamentous fungi and yeast microorganism. Biological

catalyst can be a wild-type microorganism or recombinant microorganism, and include

Escherichia, fermentation unit cell bacterium, a yeast, composition rayon , the Pichia

pastoris, Streptomyces, bacillus, Lactobacillus, and Clostridium. In another embodiment,

biological catalyst can be selected from recombinant Escherichia coll, Pseudomonas motion

fermentation, thermophilus fat bacillus, beer yeast, thermophillus clostridiales, high-

temperature hydrogenogen, and trunk pichia.

[0123] Have already been described many kinds of usedfor fermentation to produce the

target chemical biological catalyst, and can be found, the production by mutation, or by

recombinant methods to engineer ather biological catalyst. Any use of the method of the

nresent invention the saccharification processing biomass production of expandable yeast

sugar biological catalyst can be used for preparing the known can be the goal of production

by fermentation chemical products.

[0124] Production, including ethanol and butanol, the bio-fuel is particularly of concern at the

catalyst. For example, by producing solvent clastridiales the carbohydrate fermentation into

acetone, butanol, and ethanol (fermentation ABE) is known as (Jones and Woods (1986)

Microbiol Rev. 50: 484-524). US 5192673 are described for the use of acetone butanol

clostridiales mutant strain producing high-content butanol, acetone and ethanol

fermentation process. US 6358717 are describedfor the use of a Clostridium beijerinckii

mutant strain producing high-content butanol, acetone and ethanol method, A total of and

co-pending Patent application WO2007/041269 and WO 2007/050671 respectively discloses

genetic engineering production of microbial host 1-butanol and isobutanol. A total of and co-

pending US Patent application #11/741892 and # 11/741916 discloses in genetic engineering

microorganisms to produce in the host 2-butanal. By a microorganism host accordingto the

disclosed method can be from theuse of the method of the present invention in producing a

hydrolyzed product of fermentation production of isobutyl alcohol, i-butanol or 2-butanal.



{0125] Already the use of genetically modified Escherichia cali strains as a biological catalyst

for alcohol production (Underwoodand others, (2002) Appl.Environ. Microbiol. 68 : 6263-

6272). in US 2003/0162271 Al describes has improved ethanol production strain aeramonad

motion fermentation genetic modification. in shared and co-pending ULS. Patent application

for 60/847813 and 60/847856 are respectively described in for ethanol production

fermentation aeromonad the movement of the further engineered strain and its role in

ethanol production. Fermentation aeromonad through the movement according to the

disclosed method can be from the use of the methodof the present invention in producing a

hydrolyzed product of fermentation to produce ethanol.

10126] The recombinant strain Escherichia coli (Zhou, and others, {2003}

ApplLEnviron. Microbiol. 69 : 399-407), bacillus natural strain (US20050250192), and Rhizopus

oryzae (Tay and Yang (2002) Biotechnol. Bioeng. 80:1-12) lactic acid production in the

fermentation process, Already using Escherichia coli recombinant strain as biological catalyst

in fermentation production of 1, 3 propanediol (US 6013494, US 6514733) and adipic acid

{Niu and others, (2002) Biotechnol Prag. 18 : 201-211). Use of recombinant clostridiales

(Cheryan, and others, (1997) Adv.ApplMicrobiol, 43:1-33) and new identification of yeast

strain (Freer (2002} World J.Microbiol Biotechnol. 18 : 271-275} preparing acetic acid by

fermentation.in US 6159738 disclases by recombinant Escherichia coll producing succinic

acid and other bacteria, such as the person Lin ((2005) Metab.Eng. 7: 116-127) through the

disclosed in producing succinic acid mutant recombinant Escherichia coli. Torulopsis the

yeast mutant strain (Li and others, (2001) Appl. Microbiol.Technal. 55 : 680-685} and

Escherichia cali mutant strain (Yokota, and others, (1994) Biosci.Biotech. Biochem. 58 : 2164-

2167) preparation of the pyruvic acid. Already using Escherichia coll recombinant strain as

biological catalyst used for producing the P-hydroxy cinnamic acid (US20030170834) and

quinic acid (U520060003429).

[0127] In the fermentation process has been the use of propionic acid c acid bacillus mutant

strain producing propionic acid (Suwannakham and Yang (2005) Biotechnol. Bioeng. 91: 325-

337}, and has already been using cream butyric acid clostridiales preparation butyric acid (Wu

and Yang (2003} Biotechnol. Bioeng, 82:93-102). Already by fermentation from Clostridium

strain Ll7cri (Janssen (2004) Arch.Microbiol. 182 : 482-486) preparation of threonine in

Dahurica and propanol. Pullulan bud has been to use shart stern mildew optically

(Anantassiadis and others, (2005) Biotechnol.Bioeng. 91 : 494-501} through aspergilliasis



aspegillus mutant strain (Singh, and others, (2001) Indian J.Exp.Biol. 39 : 1136-43}

preparation gluconate. By oxidation of glucoseacid bacillus mutant strain preparation of 5-

keto-D-giuconate (Elfari and others, (2005) Appl Microbiol Biotech. 66 : 668-674), through the

soil preparation of itaconic acid mutant strain (Reddy and Singh (2002) Bioresour.Technol.

85:69-71), through aspergilliosis aspegillus mutant strain producing the citric acid Gkram-Ul-

Haq and others, (2005) Bioresour.Technol. 96 : 645-648), and through high in candidia FTI

20037 production of xylitol (Mus satto and Roberto (2003) J.AppiMicrobiol. 95 : 331-337}. By

recombinant Rhodococcus erythropolis and raises richly rolls Stone Bacteriol (Gorenflo and

others, (2001) Biomacromolecules 2:45-57) production including 4-hydroxy-pentanoic acid

ethyl ester and significant amount3-hydroxy butyric acid 3-hydroxy-valeric acid biclogical

polyester. By recombinant Escherichia coli (Ui and others, (2004) Lett.Appl. Microbiol, 39 : 533-

537) preparation L-2, 3-butanediol.

{0128] Can be through the use of corynebacteria, bacillus brevis, and Serratia auxotrophic

strain and of arnino acid analogues-resistant strain fermentation production of the amino

acid, Far example, published Japanese Patent 56008596 described using histidine analogue

resistance strain to produce histidine, EP 136359 describes the use of recombinant strain

producing serine. Published Japanese Patent 47004505 and 51019037 has described the use

of the tryptophan analogs-resistant strain to produce tryptophan. Published Japanese Patent

47038995, 51006237, 54032070 feungreek described using analogue resistance strain to

produce isoleucine. Published Japanese Patent 56010035 described that uses phenyl alanine

analogue resistance strain to produce phenyl alanine. The need has been described using

ohenyl alanine growthof tyrosine-resistant strain (Aer.Chem.Soc.Japan 50 (1) R79-R87

(1976), or recombinant strain (EP263515, EP332234) production of tyrosine, and the useof L-

arginine analogueresistance strain to produce arginine (AgrBiol.Chem. (1972) 36: 1675-1684,

Japanese Patent published 54037235 and 57150383), The strain of the Escherichia coli

ATCC31882, 31883, and 31884 in producing phenyl-alanine byfermentation. US 69628045

described in the recombinant coryneform bacterium producing elutamic acid. The Okamoto

and Ikeda (2000) J.BlosciBioeng 89:87-79 through the described in mutant strain of

Escherichia coli producing threonine. Through cardiocrinum corynebacteria mutant strain

producing methionine (Kumar, and others, (2005) Bloresour.Technol. 96 : 287-294).

(0129) By biological catalyst also has already prepared the useful peptide, enzyme, and other

protein (for example, refer to US6861237, US6777207, US6228630).



{0130] In the embodiments 45 in examples of pre-processing and saccharifications biomass

into a fermentable sugar, the glucocorticoid is then fermented into a target chemical product

used for producing ethanal in corn cobs from the pre-processed, as the using motion

fermentation aeromonad into ethanol fermentation of sugars, biological catalyst. The

method of the present Invention also can be used for the productian fram biomass1,3-

propylene glycol. Ifa total of and co-pending US Patent application # 11/403087 embodiment

of 10 the stated, the use of the method of the present invention processing blomass can be

saccharifications; after in saccharification, the use of Escherichia coll to produce 1, 3-

propylene glycal.

(0131) By biological catalyst preparation in the fermentation process of the target chemical

products can use a plurality of the fleld and the known method, Can be by centrifugation,

filtration, micro-filtration, and nanofiltration separation from other fermentation component

product. Can be through the ion exchange, solvent extraction, or electrodialytic to extract the

product, Product separation can be used to help of Hocculating agent. A specific example is

can be used known fermentation field ABE from the fermentation culture medium the

method of separation of biological production in 1-butanol (refer to for example Durre,

Appl.Microbiol Biotechnol. 49 : 639-648 (1998), Groot and others, Process.Biochem. 27:61-75

{1992}, and reference herein}. For example, by centrifugation,filtration, decanting from the

fermentation culture medium for removing solid. Furthermore, can use such as distillation,

azeotropic distillation, liquid-liquid extraction, absorption, stripping, film evaporation, or the

evaporation method is separated from the fermentation culture mediumin 1-butanol. Fhe

organic solvent through the reaction mixture, distillation, extraction and column

chromatography, can be purified fram the ferrnentation culture medium1, 3-propanediol

{United States Patent 5,356,812). In this is particularly good method for a kind of organic

solvent is cyclohexane (United States Patent 5,008,473), Amino acid can be through such as

ion exchange resin adsorption and/or crystallization method of collecting from the

fermentation medium.

f0132] Embodiment

f0133] General method and material

10134] Using the following abbreviations:



10135] \"HPLC\" is high performance liquid chromatography, \"C\" is degrees Celsius, \"kPa\"

#s thousands pascals, ism \"m\", \“mm\" is millimeter, fs kW A\PKWA"S \Pum)\?is micron, \"ai\"

is microtiter, \Ymi\" is mis YL", \min\” is minute, is millimotes \"mM\", \"cm\"is cm,

\"e\" is grams, \"ke\" is kg, \"wt\" is the weight, is hours \“hr\”, \"temp\" or \"T\"is

temperature, \"theoret\" is a theoretical, is \"pretreat\" pre-treatment, \"DWB\"is the dry

weight of the biomass, \"ASME\"is the American Society of mechanical engineers

{AmericanSociety of Engineers Mechanical), \"s.s.\" is thestainless steel, \"in\" or \"\" \" is-

inch.

10136] Sulfuric acid, ammonium hydroxide, acetic acid, acetamide, yeast extract, glucose,

xylose, sorbitiol, MgSO 4 « 7H 2 O, Sigma-Aldrich phosphoric acid and citric acid from

{St.Louis, MO) commercially-available.

fO137] in the described embodiment the processing referred to as pre-treatment.

{0138] Small cylindrical piston reactor

(0139) Small cylindrical piston reactor (piston/barrel type reactor) is composed of the piston

equipped with a horizontal orientation 5.1 cm & 45.7 cmstainless steel cylinder, Four O-ring

for sealing the piston to the cylinder, the piston and the back of the discharge period the

piston fs pressurized with nitrogen. 45.7 cm cylinderis equipped with the three multi-purpose

port, permits use of the vacuum, ammonia injection, steam injection, and is inserted into the

method ta measure the temperature of the thermocouple. When the steamis Injected in

order to avoid the excessive steam condensation, three strip heater for external heating

cylinder, and using a covered with a full glass fiber jacket of silicone of 2.5 cm thick glass fiber

mat insulation.

10140] The reactar-cylinder directly connected to the vertically-oriented 15.2 cm * 61cm

stainless steel of the flash drum. The end of through the tapered nozzle and base shearvalve

arrangement of the cylinder is separated from theflash evaporation groove. The diameter of

thediefor cutting the end of the is valve 3.5 cm. On the tapered nozzle and a back pressure

regulating to about 138kPa the back pressureof the (measuring pressure), make it enter 10.2

cm diameter in the air of the cylinder, the cylinder and the end of the conical nozzle is

connected to the shear vaive. Shearing of thevalve the end of the tapered spout can be



retracted a maximum of 1.6 cm, allowing the discharge of the flash tank. Shear valve outlet at

the end of the elbow guide pretreatment solid downwardly into the bottomof the flash tank,

wherein the solid can be through hits the slot easily remove the domeat the bottom ofthe

bolt. The upper part of the flash drum to a steam chest flange is processed into the flash drum

with the axisof the slot is at right angleto the special outlet, this causes the release of steam

along the corner path into a discharge device, helps to prevent the generation and water

droplets left over fram the biomass particles into the exhaust gas in the condenser.

[0141] Large-scale type piston to reactor

{0142] The piston reactor (with ASME code) 2nd processed into a cylinder of the same

diameter (5.1 cm), but longer length (68.6 cm) in order to keep the additional volume of the

blomass, Four O-ring for sealing the piston to the cylinder, the piston and the back of the

discharge period the pistonis pressurized with nitrogen. 68.6 cm cylinder equipped with eight

multi-purpose port, along the top surface and a bottom surface 4 a, they allow for vacuum,

ammonia injection, steam injection, and is inserted into the method to measure the

temperature of the thermocouple. Reactor-cylinder is equipped with a steam jacket is used

for uniform heating of the cylinder. The reactor-cylinderdirectly connected to the vertically-

oriented 15.2 cm < 61 cm stainless steel of the flash drum. The end of through the tapered

nozzle and baseshear valve arrangementof thecylinder is separated from the flash

evaporation groove, The diameter of thedie for cutting the end of the is valve 3.5 cm. Tapered

nozzle and is adjustable on the base of the back pressure of the, most testing use -138kPa

(measuring pressure) to the back pressure, make it enter 10.2 cm diameter in the air of the

cylinder, the cylinder and the end of the conical nozzle is connected to the shear valve.

Shearing of the vaive the end of the tapered spout can be retracted a maximum of 1.6.cm,

allowing the discharge of theflash tank. Shear valve outlet at the end of the elbow guide

pretreatment solid downwardly into the bottorn of the flash tank, wherein the solid can be

through hits the slot easily removethe domeat the bottom of the bolt. The upper part of the

flash drum to.a steam chest flange is processed into the flash drum with the axis of the slot is

at right angleto the special outlet, this causes the release of the steam along the corner path

in the discharge device, helps to prevent the generation and water droplets left over from the

biomass particles into the exhaust gas in the condenser. Along the Hash drum three strip-like

electric heater (as the 60 [...]} and insulation, thermal pre-treatment of the solid shern steams

in the heating container, better method for the analog commercial scale.



 

[0144] 4 liter steam jet reactor {Autoclave Engineers, Erie, Pa) of the steam with the jacket of

the reactor is, the lengthis 102 mm schedule 80 of the Hastelloy Tube, with two spherical

valve closed. The additional electric heater is placed onthe reactor all exposed, not on the

surface of the with the jacket, and the temperature control to the preset temperature. Can

also be directly into the steam in order to make the biomass rapidly reach the pre-treatment

temperature. Regulating and controlling steam pressure in order to keep the necessary pre-

treatment temperature. Necking at the bottom of the reactor to 5 mm. All pre-treatment

material through the die head can be replaced at the bottom of the reactor discharge, and is

collected on a nyton (Hotfill } 0.21m 3 bag, the nylon sleeve in a thick wall, with the jacket in

the low temperature flash evaporation.

 

{0146} 9-L PEHReactor (originating fram NREL, Golden, CO; refer to co-pending U.S. Patent

application for 11/402464}) has about 15 cm &* 51cm stainless steel reaction vessel, and

3.2LPEHReactor with 15cm < 18 cm stainiess steel reaction vessel. Each container has

passes through thereaction vessel used for introducing into the longitudinal center of the

spray gun by processing thereactant. To use the rotaryjoint to one end of the spray gun is

connected to the container on the part of the covering member, the container is used for the

container is connected with an additional port. Four guide plate equal to the length of the

container wall, is connected to the wall of the vertical. Whenthe contameris rotated, flow

guiding plate and a3.2cm X 3,2 cm ceramic grinding medium cylinder (E.R.Advanced

Ceramics, East Palestine, OH}, floating in the container togetherwith the freedom of the raw

material and the reactant to apply the mechanical mixing, in the reactant unassimilable to

the biomass. The use of seven of the small roller in the reactor, in the large-scale reactor using

twenty-two drum. The provides a ratary mechanism is PEHReactor Cell-ProductionRoller

Apparatus Bellco {Belico Technology, Vineland, NJ} on, the reactor has a roller apparatus,

provides heating of the temperature control chamber. The external source through the cover

is connected to the connecting port of the spray gun to apply vacuum and pressure of the

reaction container.

f0147] Batch saccharifications reactor



10148] Batch saccharifications reactor is a 15-L fermentation tank {(B.Braun

Biotechinternational, Alentown, Pa), through BioStat ED data control unit to control the

same, and related control module, the module comprises a circulating pump, acid pump and

inlet, solenoid-valve, used for temperature control of the heat exchanger, steam supply,

process water, gas supply control valve and a filter, and a back pressure control valve and

exhaust gas filter. The fermentation tank is equipped with two 11.4cm diameterof the three

leaf efficient Ligntnin A-310 impeller. Fram the bottom of the reactor of the impeller at the

battom of the 7.6 cm it cannot more near the bottom, because it is near a shaft bottom there

is a large seal system for the battom-transmissionshaft penetration), from the bottom of the

reactor the upper impeller 22.9 cm. The fermentation tank container has 19.0 cm diameter

and 55.9 cm the maximumheight of. install the four removable flow guide plate, each flow

guide plate has a 1.6 cm width and 48.3 cm length, to the top and from the bottom of the

container -7.6cm. The APV cam pump (M1/028/06-type}, 1-1/2-inch (3.81 cm) of the flexible

hose and teflonlike flow observation indicator a pump circulation loop is connected to the

fermentation tank system on the tap and the bottom of the port. Pump circulatian loop with

CF&Mvalve body, 316s. s. Soheroid, and a PTFE 1-1/2 inch (3.81 cm) Valmicro and SVF full port

ball valve is separated from the fermentation vessel. Furthermore, V-shaped port shear vaive

iTriac control) is located downstream of the mechanical, the pump port at the top of the

separation of the fermentation tank before the ball valve. In a recirculation period, the vaive

is gradually close to a maximum of 60° In order to provide greater recirculation

preoonditioning solid shear.

f0149] Analysis method

(0150) Cellulose quantitative

f0151] The field of useof the well-known methods, such as ASTM E1758-01 \"Standard

method for thedetermination of carbohydrates by HPLC\" determination in each of the

starting biomass the amount of cellulose in the sample,

 

[0153] By HPLC (Agilent Model 1100, Agilent Technologies, PaloAlto, CA) using Bio-Rad

HPX-87P and Bio-Rad HPX-87H column (Bio-RadLaboratories, Hercules, CA} and the



protection of the appropriate measuring column in saccharification liquid or fermentation

broth of soluble sugar (glucose, fiber two ponds, xylose, galactose, arabinose, and mannose),

acetic acid, and ethanol. if required, measurement samples and pH with sulfuric acid to the 5-

6. Then the sample through the 0.2 the injection m directly enters the HPLC vial in the filter.

HPLC operation conditions are as follows:

(0154) HPX-87P (used for carbohydrate):

f0155] injection volume: the 10-50 L, mit depends on the concentration and detector

{0156} Mobile phase: HPLC-grade water, the 0.2 m,filter and degassing

[0157] Flow rate: 0.6 mi/min

10158] Column temperature is: the 80-85 [...] , protection the column column is warm <the 60

feel

{0159] Detector temperature: as far as possible, mainly the colurnn column is warm of the

proximity of the

f0160] Detector: refractive index

10161] Running time: 35 minutes with data acquisition time of 15 minutes after the operation

time (the later eluting compound possible adjustment)

f0162] Aminex HPX-87H Biorad (used for carbohydrate, acetic acid and ethanol)

[0163] Injection volume: the 5-10 L, limit depends on the concentration and detector

[0164] Mobile phase: 0.01N sulfuric acid, the 0.2 m, filter and degassing

f0165] Flow rate: 0.6 ml/min



{0166] Column temperature is: the 55 |..]

[0167] Detector temperature: of, as far as possible close to the column temperature

'0168] Detector: refractive index

(0169) Running time: 25-75 minutes of data acquisitiontime

[0170] After the end of the operation, according to the standard curve determination each

compound concentration in the sample.

(Ol7L] Embodiment i

[0172] In small type piston corn cob pre-treated in a reactor

f0173] with jaw theinterval is approximately 0.95 cm jaw crusher (2.2kW motor) corn

processing a complete, then the crusher (1.5kKW motor, Inc Franklin Miller. , Livingston, NJ}

processing, for subsequently equipped with a 1.9 cm Sweco the United States standard sieve

screenof the screen, so that the integrity of corncob brokeninte more smail block. in the

small cylinder piston reactor (such as general the method states) loading 1i5¢ (based on dry

weight) crushing the corncob, the corn cob js arranged by removing the end of the reactor of

the piston. In order to close the end of the original position of the piston. Vacuum the reaction

vessel in order to decompress to <10kPa (0.1 bar), dilute ammonium hydroxide solution is

injected into the reactor, so that the ammonia concentration is 4g or 6g each 160g biomass

dry weight (as shown in table 1 illustrated), the concentration of biomass dry weight 50g each

100g total biomass ammmonia-water mixture. After the injected ammonia solution, injecting

the steam inte the reactor in order to bring the temperature to the 145 [...]. The biomass at a

temperature of 20 minutes, and is then opened to the piston will be discharged into the flash

tank. In 20 minutes of monitoring the temperature of the pre-processing period, such as the

necessary steam js injected. Through the flash drum to the bottom of the pre-harvest of corn

cob. Rernove the excessive free liquid, the remainder of the salid used far saccharification.

[0174] if general the method states , would be about 470g added to the biomass pretreatment

ofreactor PEHR 3.2-L for saccharification, PH4.8 through into the 1Mcitric acid buffer



solution byadding citric acid monohydrate is added, the content of the pH is adjusted to

about 5.5. Once reach the desired pH, the 12.9 mg/g cellulose or 25.8 mg/g cellulose of

Spezyme Cellulase CP (Genencorinternational, Rochester, NY) and 4.2 mg active protein/g

cellulose or 8.4 mg active protein/g cellulose the enzyme gathers the living body the

hemicellulase (Diversa; San Diego, CA) is added to the reactor, the B-glucosidase by states

the enzyme to gather the living body, xylanses, B-wood poly glycocidase and arabinoses

glucoside enzyme composition. Adding buffer solution, the enzyme and waterthe final

mixture in the reactor by 23¢ dry blornass/100g preoanditioning biomass and

saccharifications the enzyme gathers of a mixture of many. Reactor in the culture case the 50

i..|, i9rpm rotary culturing the 72 hours. In the following table 1 the yield is given in

percentage of theoretical yield to release form.

 
(0179] The cylinder jacket, the steam added to the large-scale type piston cylinder of the

reactor (such as general the method states} the preheating to -130 L..]. The flash evaporation

strip heater for preheat to -60 the receiver[...]. Accurately construct 1 crushing the corn cob.

The corn cob of these (175g, based on dry weight) into thelarge-scale type reactor, the

reactor is removed in the tall end of the piston. In order to close the end of the original

position of the piston. The reaction container and a flash receiver vacuum in order to

decompress to <10kPa, dilute ammonium hydroxide solution is injected into the reactor, so

that the ammonia concentration is 6¢/100g biamass dry weight, the concentration of

biomass dry weight 45¢/100¢ total blomass ammonia-water mixture. After injecting ammonia

water, injecting the steam into the reactor in order to bring the temperature to the 145 [...]. By

monitoring the temperatureand steam is injected as necessary, the temperature of the

mixture is kept under 10 or 20 minutes, and then opensthe piston will be discharged into the

preheating flash evaporation groove thereof. The flash evaporation groave until the vacuum

reaches -59 the flash receiver|...]. Three 10 minutespre-processing and six 20 minutes pre-



processing, all the material in the preconditioning of the same time. When the fromthe flash

receiver when the harvest product, pretreatment of the free liquid frarn separated solids, and

they add back the used for saccharification. Subsequently, such as embodiment 1 the small

PEHReactor saccharfied pre-processing a sample. All the saccharification uses 12.9 mg/g

cellulose of SpezymeCellulase and CP 4.2 mg active protein/g cellulose of consortia the

hemicellulase (Diversa} in the 50 (...), pH5.5 carried out under the conditions of 72 hours, the

containing xylanase states the enzyme to gather the living body, , B-xylosidase, arabinoses

glucoside enzyme , and B-glucosidase enzyme. In the following table 2 to yield given in

percentage of theoretical yield release form.

10180] Table 2:in the laree

saccharification yield of corn,

 

(0181)

— - oe ae Total xyfase
grapes grape sugar Fotal glucose Ayviose monomer

" . release amount
monemer emission release amount (&% emission (% of « .

(% theoretical
i% theoretical value) theoretical value) theoretical value) value)

Pretreatment

time (minutes)

10 O82 79.5 32,1 TT.

20 68.0 83.2 39.14 84.3

'0182] Embodiment3

F0183]

steam injection comparing

 

(0184] Accurately construct 1, the corn cob particle size reduction. Accurately construct 2 the

large-scale type piston carry on the preconditioning in the reactor. In order to carry on the

preconditioning in the steamjet, into the first corn 9-Lin PEHReactor. Rotating contact ice

through the outer surface of the reactor cooling to 4 the [..]. Vacuurn the reaction vessel and

thediluted solution of armnmonium hydroxideis injected into the reactor, the ammonium

hydroxide solution in 4 the cold chamber[...] in through pre-cooling and the tube is immersed

in ice-water bath, the ammonia concentration in the reactor 6¢/100g biomass dry weight, the

concentration of biomass dry weight of the total biomass and ammonia mixture 45¢/100e,



exerts the ice the rotating reaction and the surface of the container 4 the lower rotary [...] 30

minutes, the ammonia and the corn cob of cooling to PEHReactorthe 4 [...}. At this moment

the content is transferred to the such as a general method in the steam jet reactor. In the

steam jet reactor after the addition of ammonia to the mixture, by direct injection of steam to

the temperature rise to the 145 |...|. Corncob and ammonia mixture is kept at a temperature

of 20 minutes, the mixture is then discharged into the flashtank.

{0185} From the large-scaletype piston reactor and steamjet reactor sample collecting pre-

processing of corn, such as embodiment 1 carrying out the saccharifications. the

saccharification uses 12.9 mg/g cellulose of Spezyme Cellulase CP (Genencor) and 4.2 mg of

active protein/g cellulose of consortia the hemicellulase (Diversa}, the B-glucosidase by states

the enzyme to gather the living body, xylanses, B-xylosidase, a and arabinoses glucoside

enzyme. Reactor in the culture case the 50 £...], 19rpm culturing the 72 hours. in each of the

pre-treatment material in the reactor the glucose yield such as in the following table 3 is

shown,

 

fO187]

“ Yetal , Total
Giucese Xylose

ghacase xylose
vee . Pre- maononrer mo monomer ,
The Cane . ae ae release - release

a eretreatment treatment  ermissien emission
pretreatment DWE es amonat nes amomnit

. time temperature (% > {% oy
reactor in the oes ore Lo. (8% , . (%

(minutes) ec} theoretical . thearetical .
reactor theoretical thearetical

value} value)
value) , value)

Piston _
50% 20 145 68.0 83.2 39.1 84.3

reactor

Steam _
_— 60% 40 150 65 rT 48 82
injection

[0188] Embodiment4

[0189] in the reactor the large-scale type pistonpre-treating corn cobandfiberblend   



10190] Accurately construct 1 crushing the corn cob. in the reactorthe large-scale type piston

separate pretreatment crushing corncob, Cargill corn pretreatmentcrushing and Bran and

80 (Cargill, Minnetonka, MN} blend. Bran the Cargillcorn cob and 80 corn fiber combined,

mixed sampie so that the fiber accounts for the total dry biomass of approximately 33%. In

any case, will 175g (based on dry weight) in the raw material added to the reactor. Basic

accurately construct 2 carrying out the pre-treatment. However, in these experiment, after

the addition of the ammoniasolution, the injection steam to the temperature is raised to. 145

the content before [...] maintain reactor 10 minutes. After the steam is injected, the necessary

steamis infected through the temperature is kept at 145 the under[...] 10 minutes. After the

pretreatment, the sample is discharged into the flash groove of the piston.

10191] From the large-scale type piston in flash drum of the reactor and the corn cob of corn

collecting pre-treatment of the fiber blend of the sample, and in accurately construct Linthe

small-sized PEHReactor saccharification. Adding biomass, the volume of the reactor until the

full 20%. With 12,9 mg/g cellulose of Spezyme Cellulase CP (Genencor) and 15 mg/g cellulose

of xylanase Multifect carry out saccharification (Genencor). The culture case PEHReactorin

the 50 [...], 19rpm culture 72 hours. Pre-treatment material the resulting glucose and xylose

yield such as in the following table 4 is shown.

 
0193]

se Glucose Tetal ghiecose . Total xylose
Conc ss . , . Aylese monomer

Raw a2. Menomer emission release amount wos oe release amannt
. DW'B in es a Or * emission (% ° .

materials | (%theoretical (% theoretical . (% theoretical
ihe reactor " theeretical value} on

value} ¥akue} : value}

Corncob ,
45% 40.2 67.2 29.4 83.9

only

(0194)



Glucose Total ghicese Total xylose
Cone X¥ilose monomer

Raw auras ¢ monomer cmission release amount os of release amount
. DWB in ei . ~~ . emission (%e 2 .

materials (%theoretical {%s theoretical . (4 theoretical
the reactor ; theoretical valuc)

value} value) vale}

Corn

ran + 45% 37.0 65.4 21.6 F72

80

(01951 Embodiment 5

 

(0197) Accurately construct 2 the pre-processing of corncob 10 minutes. A total of 17 such

pre-processing. To be obtained from 4 corn pretreatment time of pre-injection in orderto be

used for saccharifications, so as to provide for batch saccharifications initial hydrolysis

product. To be obtained from the remaining 13 time pre-treatment of production and running

corn cob injection in order to be used in the batch saccharification.

[0198] In order to begin batch saccharifications, such as the general method the batch

saccharifications reactorfirstly adding hydrolysis product in the reactor is filled with Ist to

the bottam of the of the impeller. The hydrolysis product through the pre-treatment of

saccharification 2.8-L rocking bottle preparatian of corn, These rocking bottled enters 465¢

preoonditioning solid, 1600 mi de-ionized water, and 284mg Spezyme CP/g cellulose and

4.2 mg of active protein/e cellulose (Diversa) consortia the hemicellulase, the the enzyrne

gathers the living body including b-glucosidase, xylanses, b-xylosidase and arabinoses

glucoside enzyme. Before the enzyme, using 8.5% H 3 PO 4 will be adjusted to pH 5. The shake

flask maintained at the50 and [...) in the rotary shaker 150rpm oscillation 48 hours, at this

moment the hydrolyzed product into the batch reactor.

10199] After adding the initial hydrolysis product, the pre-treatment of blomass mixture with

ammonia (-700g) lst and the like of the sample is added to the reactor. Adding 8.5% H 3 PO 4

set fo maintain pH 5.5. The pH after re-adjusting to the preset value, adding 28.4 mg

SpezymeCP/s cellulose and 4.2 mg of active protein/g cellulose (Diversa} consortia the

hnemicellulase, the the enzyme gathers the living body including b-glucosidase, xylanses, b-

xylosidase and arabinoses glucoside enzyme. in t-4, 8, 12, 22, 25, 30 and 34 hours by adding



pre-processing of the biomass and ammonia the additional sample mixture, Spezyme CP the

enzyme gathers the living body cellulase and hemicellulase. Adding enzyme approximately in

general 1 hours after the circulation loop start, and run about 1 hours until the subsection 22

hours by adding solid. In the 26 hour and 30 hours after feeding, so in about 50 minutes of

operation of the pump and opening 30 minutes. In 34 hours after feeding, so in about 3 hours

of operation of the pump and opening 30 minutes. The repeats t=29, 33, 47 and 49 hours

running 30 minutes. Total saccharifications time is 120 hours. At this moment the hydrolysis

product contains -60 g/f glucose monomer, 25 g/i xylose monomer and 10 g/l acetic acid.

10200] The hydrolysis product is usedfor motion fermentation manad strain ZW800 or ZW658

(ATCC# PTA-7858) fermentation. ZW658 is motion fermentation monad strain, which have

been engineered for fermenting xylose to ethanol, in shared and-co-pending U.S. Patent

application for 60/847813 the in the described. ZW658 sequence transposition events via the

twooperon ZW1 (ATCC# 31821} integrated into the genome, then through the screening

medium comprising xylose to the choice of the construction, the is states the operon P gap
xy LAB and P agp taltkt, they contain four encoding xylose isomerase, ketoxylose kinase, the
xylose aicoholasetransfers the aldehyde aicoholase and transfers the alkone using gene,

ZW800 is provided with coding for glucose-fructose oxidoreductase ZW658 inactivated gene

of strain, itis also in shared and co-pending U.S. Patent application for 60/847813 described

in.

[0201] Fermentation in the sterilization of the 1 liter fermentation tank (BIOSTAT B-DCU

system, Sartorius Inc BBiSystem, , Bethlehem, Pennsylvania, USA) to, initial working

volume is 500 mL. In the inoculum is added to the fermentation tank, content is 10% (v/v), so

that the sample of broth after OD eng -1. Hydrolysis product and the balance of water ina

praportion of 80%or 40%(v/v). Adding additional glucose and xylose in orderto make them

in the brothin the final concentration of 92 g/l and 82 g/l. Broth also supplemented with 10

mm sorbitol, and le/l MgSO 4- 7H O. Inthe 33[...], pH5.8, the stirring speed 150rpm

carried out under the condition of 72 hours of fermentation. ZW&00strain in the analogy

mechanism to thefinal ethanol 40%in the product of hydrolysis of 8 g/l, in 80%in the

product of hydrolysis of 7 e/l. ZW658 in the analogy mechanism to the final ethanol 40% in

the product of hydrolysis of 8 g/l, in 86% in the product of hydrolysis of 6.5 g/L

Normalized Assignee:

DUPONT-



Standardized Assignee:

DU PONT-

MIDWEST RESEARCH INST-

Original Assignee:

DU PONT-

MIDWEST RESEARCH INST -

Current Assignee:

SA RCRELFE22S] - SEARLE

DU PONT

FyFESSREAReSPREas

MIDWEST RESEARCH INST

Attorney/Registered Agent:

ch ESARIE(SBIBAA) 72001 (HS)-
Es BeSeOEE(A)SeBRB] T2001 (PR)-

Authority:

CN

Backward Patent Citations (0):

Forward Patent Citations (4):

Publication Number

2011-12-05 

2015-05-13

2014-08-21

2011-12-05

 
 

Claims:

Claim 1: 1. Method for the treatment of a blomass, the method cornprising: A} providing

biomass: B) the use of the feeding machine non-compaction (a)in the biomass into the

apparatus, the apparatus including: |) cylindrical drum, the cylindrical drum has ais equipped

with the piston of the end of the Ist and 2nd is equipped with thetail end of the discharging

valve; fi) optionally a branch pipe, said branch pipe in a branchpipe is connected to the end

of the Ist to the tail end of the cylindrical drum on thecylindrical cylinder, and in the said

branch pipe of the branch pipe is not connected with the end of the vaive can be sealed: Hi} in

the cylindrical cylinder or at least of the branch pipe2 a the port can be sealed; Iv} optianally



a valve, the valve in the cylindrical cylinder of the cylinder is divided into separate 2nd ist

chamber and the chamber, the chamber having Ist the Ist with the tail end of the piston in

the cylinder, and the 2nd chamberhaving Is equippedwith a discharge valve of a cylinder the

end of the 2nd; and V} is connected to the discharge valve of the cylinder on the end of the

2nd a flash drurn; Wherein the biomass into the cylindrical cylinder or optionally into the is

connected to the cylindrical of the cylinder in the tube states ; C) closingthe cylindrical

cylinder and branch line (if any}; D) optionally viathe cylindrical in the cylinder apply a

vacuum to the at least one port; E} the cylindrical cylinder or through the middle of the

branch pipe to the at least one port containing an aqueous ammonia solution, relative to the

quantity of the dry weight of the biomass in the cylinderis less than about 12 weight percent,

so.as to prepare the mixture of the biomass and ammonia, and in addition the relative to the

dry weight of the biomass, said biomass with the weight of the ammonia-water mixtureis at

least about 15 weight percent of highsolid concentration, and through the cylindrical

cylinder or a branch pipe (if any} to the 2nd port of the steam,in order to make the cylinder

temperature reaches between about 85 the and about[...] the 180 between [...]; F} closing the

cylindrical cylinder and branch pipe, and in Gf any) of the port, in order to offer the

impermeable chamber; G) in said impermeable chamber said biomass with an armmonia-

water mixture will be kept in the appropriate temperature for a period of time, the timeis

between about 30 seconds and about 4 hours; H) aptionally throughthe displacement of the

piston said biomass with an ammonia-water mixture will be moved to the 2nd chamberin the

cylinder Gf they exist), wherein the compacted material can not be stated, and maintain

between about 2 minutes and 4 hours for a period of time between the; and 1) through the

piston will move said biomass with an ammonia-water mixturethrough (g) or (h} of the

impermeable cylindrical cylinder and through the dischargevalve into the the groove states

the flash vaporization ; Wherein the production of the treated biomass.

Claim 2: 2. Method for the treatment of a biomass, the method comprising: A} providing a

mixture of biomass and containing ammonia, Wherein, with respect to the dry weight of the

biomass, said biomass with an ammonia-water mixture for gross weight of at least about 15

weight percent, and the ammonia waterrelative to the amount of dry weight of the biomass

is less than about 12 weight percent; 8) the use of the feeding machine non-compaction {a}



the biomass with an ammonia-water mixture into the apparatus, the apparatus including: |}

cylindrical drum, the cylindrical drum has a is equipped with the piston of the end of the Ist

and 2nd is equipped with the tail end of the discharging valve; li} optionally a branch pipe,

said branch pipe in a branch pipeis connected to theend af the Istto the tail end of the

cylindrical drum on the cylindrical cylinder, and in the said branch pipe of the branch pipe is

not connected with the end of the valve can be sealed; li} in the cylindrical cylinder or at least

of the branch pipe 2 a the port can be sealed; iv} valve, the valve in the cylindrical cylinder of

the cylinderis divided into separate 2nd ist chamber and the chamber, the chamber having

ist the lst with the tail end of the piston in the cylinder, and the 2nd chamberhavingis

equipped with a discharge valve of a cylinder the end of the 2nd; and V) is connected to the

discharge valve of the cylinder on the end of the 2nd a flash drum; Wherein the biomass into

the cylindrical cylinder of the Ist chamberor optionally into the is connected to the

cylindrical of the cylinder in the tube states ; C) closing the cylinderin the main pipe and the

branch of the Ist chamber(if any}; D) optionally at least one port through the vacuum is

applied: E) the Ist chamber or through thebranch pipe (if existing) in Ist part of at least one

of adding steam, in order to make the indoor temperature reach the is between about 85 the

and about[...] the 180 between [...]; F) closing said Ist chamber and the branch pipe (if

existing} to provide the ports in the Ist chamber can not be penetration; G) in said

impermeable lst chamberin said biomass with an ammonia-water mixture will be kept in the

appropriate temperature for a period of time, the time is between about 30 seconds and

about 4 hours; H) optionally, through the displacement of the piston said biomass with an

ammonia-water mixture will move through the open valve from the cylindrical in the cylinder

is not permeable ist 2nd in the reaminte the chamber, wherein the compacted material can

not be stated: |} optionally, closing the opening ofthe valve in order to form the 2nd-

impermeable chamber and keeps the biomass and ammonia-water mixture Is between about

2 minutes and about 4 hours for a period of time between the; and J) in step (g) or the step ()

through the displacement of the piston after said biomass with an ammonia-water mixture

wil be moved through the discharge vaive into the the states the flash vaporization groove;

wherein the stated material can not be compacted and so as to produce the treated biomass.

Claim 3: 3. Claim 1 of the method, in the step (a}, (b), {c), (d), (e), (D, tg), and (hn) in one or more



of the steps in step ()} repeating at least one time before.

Claim 4: 4. Claim 2 of the method, in the step (a), (b), (c), {d), fe}, O), é@), (h), and (@) one ora

plurality of steps in the step {)) repeating at least one time before.

Claim 5: 5. Claim 1 or 2 of the method, which does not include the step of compaction state

elimination.

Claim6: 6. Claim 1 or 2 of the method, wherein the ammonia water with respect to the dry

weight of the biomass is between about 4% and about 6% between,

Claim 7: 7. Claim 1 or 2 of the method, wherein the biomass to be prepared with respectto

the dry weight of the biomassand of the weight of the ammonia-water mixture is at least

about 20%.

Claim 8: 8. Claim 7 the method, wherein the biomass to be prepared with respect to the dry

weight of the biomass and of the weight of the ammonia-water mixture is at least about 30%.

Claim 9: 9. Claim 8 the method, wherein the biomass to be prepared with respect to the dry

weight of the biomass and of the weight of the ammonia-water mixture is at least about 50%.

Claim 10: 10. Claim 1 or 2 of the method, wherein the suitable temperature is between about

126 the [...] and about 160 the between [...].

Claim Li: 11. Claim 10 the method, wherein the suitable temperature is between about 140

the |...) and about 150 the between [...}.

Claim 12:12. Claim 1 or 2 of the method, wherein said (b) of which is equipped with a feeder

non-compactionconduction current wheelnon-compactionthe hopper.



Claim 13: 13. Claim 1 or 2 of the method, wherein theIst cylindrical shape room with at least

one valve is closed.

Claim 14: 14. Claim 13 the method, wherein the Ist lst used in room valve is closed in order to

close and the 2nd feeder states the non-compaction valveis closed in order to close {h} of the

2nd chamber.

Claim 15: 15. Claim 1 or 2 af the method, wherein said discharge valve is a progressive

expansion of the venturi tube.

Claim 16: 16. Claim 1 or 2 of the method, wherein the biomass is selected from switchgrass,

waste paper, the sludge from the papermaking industry, corn, corn cobs, corn shell, corn

fiber, corn straw, grass, wheat, wheat straw, hay, barley, barley straw, stalk, bagasse,

sorghum, soybean, obtained from cereal, tree, branch, root, leaf, wood chips, sawdust,

shrubs and underbrush, vegetables, fruits, flowers and animal manure component of the

articte,

Claim 17: 17. Claim 16 the method, wherein the biomass is selected from the group consisting

of corn cabs, corn straw, corn fiber, corn shell, bagasse, sawdust, switchgrass, wheat straw,

hay, stalk, and grass.

Claim 18: 18. Claim 17 the method, wherein the biomass is selected from the group consisting

of corn cabs, corn straw, corn fiber, sawdust, and bagasse.

Claim 19: 19. Claim 1 or 2 of the method, wherein the biomass is derived from a plurality of

raw materials.

Claim 20: 20. By claim 1 or 2 of the production method by the processing of the biomass.



Claim 21: 21. Through saccharifications the treated biomass and the production of the

hydrolysis product, wherein the processed biomass of claim 1 or 2 the method of preparation.

independent Claims:

First Claim:

Claim 1:3. Claim 1 of the method, in the step (a), (b), (c), (d), fe}, ), (2), and (h) in ene or more

of the steps in step ()) repeating at least one time before.
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PREPS eeeet RAATI. POA ASR ARRAeA) Hf WO2007 /041269 FI

WO 2007/050671 4) HI ZS IF ST iteREAAEesEP 4E 1- SeaTe. SEAAE

 
                  

  
PAS RAYS Fl Al) EA FL L/741892 A #11 /741916 ZIP TS FERTEEyTigERE  

  
yp" 2- J Be.

epeeBe 1- Jmee 2- Je.
 

   
 
  TBEEWtigETTPTTABEASBSESZEHP AZ
 

  
    

[0122] 248 faA ect Fe MEAatPPREA Za EEPEFL (Underwood “&

A, (2002) Appl. Environ. Microbiol. 68 :6263-6272). 7E US 2003/0162271A1 PFA ST 2

 
 

 
 
 
 

 
  

  
 

  
  

ZEONT CMPPe IK TEAR ABizohACEEe Pa PATA © TEDL EIS ART] AS BR KY SE SA] FA    
   

   
 

 60/847813 All 60/847856 Pay All diasSTCAEP aE 2OEIAE EBaZi   
  

 
 
 

 
 

  
BEAR P= DalPsRSL VE AY 9 ALIA2 ACEPSteadFIR ZSTP7STASC ESIEEP

EAR RERP=DP AC EAEP= CE  
[0123] Wn AeA 

 
  
   

 - ZAEAPK (Zhou “@ A, (2003) Appl. Environ. Microbiol. 69:

399-407) . 2 fa FT IB KR PK (US20050250192) . FI OK A FE CTay FM Yang (2002)

Biotechnol. Bioeng. 80 :1-12) FEA MERDRE EPPLR. BZeA Aoeal
  

 

  
 2H BalPE  

       
ya EWE AHEeEEPE 1,3 A RE (US. 6013494, US 6514733) Ak = HB (Niu  
 

A, (2002) Biotechnol. Prog. 18 :201-211). t#H

  
 

 2H #8 TA (Cheryan “@ A, (1997) Adv.

iy
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Appl. Mic

waa HE

8 

Biotech. Biochem. 58 :2164-2167) fil® SAM. AAWHAH

&@ (US20030170834) FlaJe

a belSEAE

IF #8 EH

(67FP

[0124]

Yang (2005) Biotechnol. Bioeng. 91 :325-337),

ZAK Ha FF pal AEBE SL

804 A

robiol. 43 :1-33) Fl #

Biotechnol. 18 :271-275) HabreIA Ae.

(i, 2H bat 4E= BEA

  
 
 

  
  

  
  
&, 7E Lin &

it

 

AR

  

  
   

  
  

 
 
 
   
 

ALP XY — FESR AEE

CZs fEAeBE at FE

 
  

 
Hy
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Br 4 aC AY We KR (Freer (2002) World J.Microbiol.

f£ US 6159738 BAIT Ys idiiet

A. ((2005) Metab. Eng. 7 :116-127)

Bo TAZAhEERIE BE SSee (Li HA, (2001)Appl.

Microbiol. Technol. 55 :680-685) #Il *K fy #F 5E AR

eaL

HASTE Tit2
 
  
 

RE (Yokota “ A, (1994)Biosci.

  
    
  

   
        

(8 A   BA   
 

(Wu Al Yang (2003) Biotechnol. Bioeng. 82 :93-102).

17crl

C2ZMeéA

494-501)

(Janssen (2004) Arch. Microbiol

 

  

. 182 :482-486) HY ah A

PR BpPEESSHSERAE (Anantassiadis #

 

   
      
 

 

 
  
 

  
  

  
  

  
  

2H AERE AN EWE

& (US20060003429) .

PRE P= FA 8 ~(Suwannakham Fil

aR ta Hil&J mR

Ch 28 WHel AOEMAR OTJOB

RP ill4 SA

FE 

 
 

oR th AUT WE  
 

®A, (2005) Biotechnol. Bioeng. 91 :

ie at tH Ze pe HHSEERR (Singh“2A, (2001) Indian J. Exp. Biol. 39 :1136-43)  
bil) 4&72 BE PZ «

    tA

 
   

4Fil 2a BE BRT afSE

(2005) Appl Microbiol. Biotech. 66 :668-674)

FU Singh (2002) Bioresour. Technol. 85 :69-71),

  

» det   
ERK ill4 5

ct: Ith Be FS 2

 
 

Al SE —D— 411 25FP 
    

  

 
  

 
 

  ie (Elfari “A,  

eA il) 4 AC BE BS 
ax FI     is ek A aE  
 

ral EH
 

BR
  

 
 

 
(Reddy 

  

EB AER PTR

([kram-Ul-Hag “2 A, (2005) Bioresour. Technol. 96 :645-648) , £381 jb ey FA Bd 2EERE PTI 

20037 AEP ACHE

BR palFU etFe YOREG AT (GGorenflo &2H ZT. AB 03

 
 

 
  

 
  

      
  

AEP=a

FE (Ui

[0125]

PAE Bad PAS AC BEE AEaEE

   4FER    2 ZsA

 
 
 
    

“&A, (2004) Lett. Appl. Microbiol. 39 :533-537) #il@® L-2,3- JNF.

SE AME AE BE TR AT Pat REAPbat ATFES paDEYeRBS2

AAS Al 2s4 56008596 Fiza J ieAd 2H

 
 

AYa  
 

  
    
  

  
  

  

Tal PR AE Pe ZA

Fl 51019037 Hhid STfeA

91006237

96010035  
   

(PP263515, EP332234) 4EP= wea He,

Biol. Chem. (1972) 36 :1675-1684,

Ef PA RE ATCC31882. 31883. 4 31884

ZLEART

 
 

a. Bil un,  
 

  , EP 136359 F#iK T 16
   

  

  
 

 
  wa

He 
 

  
54032070 HiIA SHARRA

    
   
   

 

  

Ge 3— FeJ Me

 
 
 
   

  
 

 

     
  

3 FARE We
  

 
   

  

EH (Mus satto Al Roberto (2003) J. Appl. Microbiol. 95 :331-337). ifict

A, (2001) Biomacromolecules 2 :45-57)

BY) EWSR
  

  
   

 
 

  
 

al PRAFL
 

 

 

 2HKia

RAAT
  

   
  

  
        

ZHTalPRE ZAaR  
  
   

ZEALAD tit VE BeREPAR

BE (WD te PE balPRE
  

 
 

 
   HISEH ASE TA2a 

  
  

  

  
 

   
  

PEBAIR  
  

 

 

   
  
 

 
DA BetiFA 1HRSA

AEA49 54037235 Fl 57150381).

HA iE ih Ae BEAE

   
  

  
HAALA

HASAl] 249 47038995,       Fe
  

   
  

 oN 
  
 

  
 

 
  

  BES (LLaeME PaPARE” 2

FEY AREKE ABRLEPAAR (Aer. Chem. Soc. Japan 50 (1) R79-R87 (1976) , Be

 

  

  

RELA ZAR. I 

  

  
 
 
    

 AS:aAY 4za  
  

  

J ALiAHatal9EREPe BL
  

     
  8. WEE 

(2005) Bioresour. Technol. 96 :287-—294) .

[0126]

 

1 at AE Wy HE te Hl te  
  

 
 
 
 

C8 itil

US6861237. US6777207, US6228630) ©

[0127]

py Atte
 

   
  

 
FEASOKTH5   

  
 

  
AEECao AS ARH TTS  
 

FH 25S foil] rt WY PHBE

rbhts FE) PAAPABE HsaS HAEPe ZI

 

  

 

 

 

Ro LARAAFi

LeRTIB SEH tie 22 a8
 

PBR ADrE

p 47004505

 
 ZL PaPR
 

BISLUPEbal PREP HR ZA BR

aiatZE_Agt

&. US 6962805 H#iik STZe

 
  
 

ie, E Okamoto All Ikeda (2000) J. BiosciBioeng 89 :87-79   
ETARAT TalFERiETi2

AFL AS JDK Ae. AU EE ft,

 
    

  

 

 

(Agr.  
 

  
  

 

 
 

 
 
FH Feak 

 
 
 

> (Kumar “A,

Fy Joe ( fi) GH Be DL

ABH AG AeoHACE,BLSTIABH AC IE

  
  

 
te BES FAAik
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AGESA A#11/403087 FY SETA 10 TIA, AEA AS ASB AIEA ETE

ATBEG TEREJa. TEAD AK HaAT BREP? 1, 38- AE

[0128] ihAEeRTEAPEPhlaaliFY AE2SSk

JAUEAT IA. AYchBbheoSee.PEMiAapeAS

FACAAB. BCHIEPTHEG fh. HY EAD BaeFB BP tn PA ARSEED]

AHF ABE AceRSSR REPFIVE AAAeEEOSEEA L-CSL G Durre,

Appl. Microbiol. Biotechnol. 49 :639-648 (1998), Groot “@ A, Process. Biochem.27 :

61-75 (1992) , LARACB) o PRU, BYATAETSEEMREESEYS RE

4A PR ra» FY ASEa2SSB2SBeAY CEE RSA EMEERA TIEAS

PEF Ha 1- TE WERRAWALALA.ZRUMTERR TT AIAG

eIFEA AML 1,3- Ae C SEPA] 5, 356, 812). UEIA tmBeCLAPL

HAHOt (ESA 5, 008, 473). SAFER AT ELIETS ACOBAA / BCEiBT

TEDBES TEE PACER

   
  

     
  
   

 
 

 
    
       

  
 

 
   

  
  

  
  

   
  

       
 

  
    

   
 

 
 

          
 

 

              
 

  
  

 
 

  

SE htt (5)

[0129] fy FU

[0130] #NLA R4GS :

[0131] “HPLC” 4ceuUaAHeh “WC” dedek POE, “kPa” cePAB “in” ak, “mm” fe Se

AR, “OW” EPBL, “am” AEBOK, “LL” petdT “mL” 22“SL” EF, “min” meaPy, “mM”

fe2PACK, “om” FLIBOK, “gg”FES, “Ske” AEP oe, “wt” aetae, “hr” Ze/) IN, “temp” Be“ T”

FYE, “theoret” #2t#it, “pretreat” ftAEE, “DWB” #2 4EWyRAY, “ASME” fe SEFl

NLA LFEVAAES (AmericanSociety of Mechanical Engineers).“s. s. ” #4544, “in”

Be ” FETEo

[0132] fm BR. ATK. ZR ZBBE.7d 2aSREY LL ES MgSO, + 7H0.

APTBRAM Sigma-Aldrich (St. Louis, MO) RYVAZKTE.

[0133] FEFTI SEHiAbBR Ay PALEE

[0134] a TAYFEPe VAS

[0135] 7s HY fay SRG ZEB DY Hs CHG SE / fey sh DY as)HUBt a A kk oF A TAD ee EY

5. lomX 45. Tem FY A495404 el fe ZHak. FAVS O AOR SESS Bl feed LE, FPCEPT Ta) ZEEE

PPUA eGPER. 45. Tom AY feeA=SeAee, PEA E28. SAKEWR

YEysUAA ERS7fe)AS. “SEAZRIIA STHeeeae,AS

TEAKDA AsDA BA feya. FEAnrTG TEUYHTESE EY 2. om FE AY RH

ZF of ACAY

[0136] es Se Dvas Leal fayEeZeee FBSeEAI A 15. 2cm& Blom AY AGAMA ZRLE. IE

FE Nia ssARLES BE ARS ire BY 7) PLEAA 2SLEOp SE Tayo AS ie PA BYDELIELPE 3. cm. HH

ETE WasAUER BEEAUa29 138kPa Clie) ENE, EEA 10. 20m ELFE AY 2

lial fe A, 1 (ad feat Sy ASeeBY) WB SEAPE 2 ASBY RD AEEBEASe 1. 6m,

STOVE ABIBUA 2FPUE. PEAS SigBZ FBS) HG, 0 FA 25 ee| Se PoASE Ti] fA Te] Rad AAI 298 FYJ

EAS, EC Parr aes fed (8HakFTES ao Sy DE) Te eeaAR AEEBSSIA

19
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AY AA 8JTAG TA 2Ae SEASRJEREaFE

i AE LL BePAWaWeAEB AEJeBKE ARAeas

[0137] TY fa ERG FE ZY

[0138] HER SE RIVER CEUFT TRA ASME) [28 — Tl fey OLaAFR] GS. Lom), (AKEE

1g (68. 6em) LAL AF BA OM BAR AY AEot. FAV 4 OO FEDSEaST Bl fey, FP CE ARHT

TEBEEAA ABETs» 68. Gem EXT LEA feyRASAeng He eaTaATAES,

TideEL 4 AETTCEABa.EES ARENT SBSAAGES EAetTY edRE

BOs lal eyBCRYKEFAMYSe OE BYaLl feee42 I)EB dK

15. 2emX 6Lem HY A458 AWA ZR Eo aiETBGAT JES EAR Si BY 7) RI IE 7) AA DA 2REop

Al fey. AS umI BY DRALAE 3. 5m. FETZER ATER ABEAseTYUY, KeShic

(HA ~~ 138kPa ( lst) A EAT. EEA 10. 20m ELSE FY ALlfay,Ua fey ES

vim BY7 FEETEAEIE AS Him BY7 PRY 1) EA EEaAa El Se2 1. Gem, TOVARIA ARS HY

AV o TEAR Sia BYDBE OT ASS AS | Sp Pu Ach SET] 8 Jn] Pad ATA 22s8SES a» EPpas Pad (4SA]

ALT FPSeG iB YY [Ba] TREeeSR. AEasAEOa5 PA 5

Ap eat] he SEL FRY ES SeYSep RR LD0 | EREPn2aisFaPEA BEHe

HF SaLEP AE BS AEJRAEEATENEEUAEAS Po TESTA2i=AR

HUAAS Cy 60°C ) AUB AVY, 157SIA FADFS Te] PASTA] 225 BN)WA, SEREPY ILEL

RAY TTI ©

[0139] ARYARED BS op HL 1h Fa

[0140] 4 FasycRAVES (Autoclave Engineers, Prie, PA) feqPEBN ZARA RIVE,

14/274 102mm schedule 80 ff} Hastelloy©ZH Aw, HINPERIZ IAG. BN doepe

feed. FSCDASATSSSBeASE EE AY Ze TE,Fe8hillSw HYEEAR

PREM SEEY)JETTETS BU) FL AChPRE oY) PT FFPSYGHs EA aRETis EY PADPE AG SQ DVS

RPSAG A Slmm. AA PAD THAASH at seABES PAS FYBESTAH, FEUSETEPE

(Hot fill ®)0. 21m’ 48, AESEE PIRBE HPIEEYLASP

[0141]=Fh FE A7keR PV BS (PEHReactor)

[0142] 9-L PEHReactor( ¢* A NREL, Golden, CO; & JL Fé fA) Ae ve AY SEAFl) FOF

11/402464) RAKEY 15cm X 5lom HY A454eVAasIf 3. 2LPEHReactor AA 15emX 18cm

AMAREDA o BES ASAAT BFE Be RY Aai EI AT) AaPSEAAEcEA HE

FY fe £4Fe Soy ahh aEFe BASBsiPoEos ks RASBATAEPPta

Fl. DUS SpiftaeAASBe SE LC, TeEeBBE LE SAASERIN, SALAAL 3. 2cm X 3. 2em

Hy Mg eTapUSa) CE. R. Advanced Ceramics, East Palestine, OH) .fEA PA BAe

EE—BESEyA52DYFEAk(hE1BeDYTR1BARWP EZ)A BSRE

1HY eRfred» PEAKYBPEARfe oO PEHReactor 1AFePt hie Fe WLR IK

Bellco Cell-Productionkoller Apparatus (Bellco Technology, Vineland, NJ) bk. i)

DyasAAYee Se8PGEEaAiePE aeBP FYAASohORaR OEeB)LG

POEBe vim FERTBeDASaittDEL AsA

[0143] AptRMB4Be AVaS

[0144]=4 Ft eh OB) BE hz DY BS AE FS 15-L AO E(B. Braun BiotcchIntcrnational,
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Allentown, PA) ,iHxt BioStat ED BetaPerill2lyeSLEAT Pahl, Jf}ASIPrE,TR

HEL FFEHSe ~ BBR He FHTiSe WR Be Hd) SA ith2Peld 0RAaYCEY AbIHE

fas rfl) WS Pewe AHAsFhIPAEeS. AAREEL PA11. dem BA=

Hh28 Ligntnin A310 PY#e. IBASEER DVae7. 6om EANAEEVID, AlSE

AES BFETE —TK AY8STEARSFR—FEB), EABPOLE Be DVaeEG 22. 9cm.

VGAGEASALT 19. OcmELSFl 55. Gem Wi speARE 0 22 REVU PS HYSBR ASA. BETS

WAR AAT 1. 6om AY BEREAN 48. 3em AIRRE, FF AAERAR ~ 7. 6em. AEA APV L496

3 (M1/028/06 HY ) 1-1/2- FES (3. 8lem) WEERRSAREEAMLFgaSBS ZLAY

HE|BSBe Bll APEAA SEYAeeBOE. ETEeSHI Ap CSM Fe316s. s. BR

4. FL PTFE JEG REA 1-1/2 BEX} (3. 8lem) Valmicro Fl SVF 4ORRRBAEAS.

IEYb, V AG sig BYPR] (Triac Fed) AZ FORE RUE. CEES MA Ac eeEBig 1 2) ES A BRIE

iA. TEPRPAATE, A TBa Teeie& 60° CAPEGERA HY FEATa AhET (ABY).

[0145]=4pATT Ve

[0146] 24742 tei

[0147]  f%@ FAQ AS Oh Bh SeAN Fy YE 4 ASTM E1758-01 “Standard method for

thedelermination of carbohydrates by HPLClll Ze4E BETACBEUEASB AFTES)
Fo

[0148] SRE. ZREAS SLPSeS

[0149] iH it HPLC(Agilent Model 1100, Agilent Technologies, PaloAlto, CA) {# AH

Bio-Rad IIPX-87P Al Bio-Rad TIPX-871I #E (Bio-RadlLahboratories,llercules,CA) AGift

FAY fas PREAReeBEAGAB BASALIAASHEE (78aBE AP AEROAE PLB Bi)

PUA. ALE eeOE). CR AZe DTEIWSPEAS pH FFAet asEl8 5-6. PR

Ja TORE 7Sact 0. 2 um WERyeasBet A HPLC /J\HA. HPLC weyAREae :

[0150] HPX-87P( HI FRAMAY ) :

[0151]=EAN (KAR 10-50 v L, BeFeESFUBS BR til

[0152] YeBFH HPLC A7K,0. 2u m, LEVEIFMA

[0153] yi :0. 6mL/ 44

[0154]=EYL =80-85°C, TRE REEL< 60°C

[0155] WWSEL So)REediFE

[0156]=MWS TNFee

[0157]=TA4T NTA) 235 2)EPROR EMfal 15 4)RSTIN fal (USRIN BENLAW

REFS HY HEE Vals)

[0158] Biorad Aminex HPX-87H( Ho FRRAKILAW. CRANE )

[0159]=SEF(RAR 5-10 L, ReEARFS BR Hh)

[0160] WeBIFH :0. OLN MH, 0. 2m, REVEIFA

[0161] Wi-:0. 6mL/ 4) #8

[0162]9HEYaL 355°C

[0163]9AWWHSL SSaREYeavb

[0164]=WW AS SNFe
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[0165]=3SFT IN TA) 225-75 2pSAYAEGEIN [i]

[0166]=fTAGHJa. AR He PaHE HE AN ZeBEMEEASRFE

[0167] h

[0168]

[0169] FHUSGIELER 2-29 0. Om ERVSETGRBYERNL (2. 2kW THUS ) HEINEORNS, YRS FE
REAL C1. 5kW 534, Franklin Miller Inc. ,Livingston,NJ) XbE#, BAG AAMC A 1. 9cm SEE

PRES PAA Sweco fii PIZETT oia). THESE FE TOKOEERMSSAEp)AY PeSEDVS

(MUA AYETI ) REA 1159 (SEPP BE) BRRS, FISROS EPAaEY

BeasAsin © FG BEBE et Ab DAAS. ABMAASFH EL 28 DAas2B < 10kPa (0. Lbar),

EEREEAEABl 2DaPERRET eeBK 6g BE100g EYPHE(AUER 1 BT

7)» ER BEY PEAY 50g BE 100g BAWAARAW. TEEABURA EPRIAAll

BODAS A AEEYRTTB 145°C. EWUCETUSPB BF 20 22h, PAU IT EPATA

ZERAHA. FE 20 2) ichFHA) eSeee GUBEEAYS.TA ASee BRARPL

ACh SHA FOR BS 2 4B Weak Se AATFAR aeeBHEY Lied 1SA1

[0170] ARTITIA,HL470g WAREAAB) 3. 2-L) PEHRv.88 1FS

4h. WyeA pH4. 8 BY 1M Prag ReeeeEOAFTeRKBARAN AME pH VAL ZB

KAI 5.50—HIKSIT AGApH, H&E12. Ome/g ZF HER EY 25. 8me/g 2FAERA Spezyme ®CP ZFHE

ZAM(GenencorInternational, Rochester, NY) #0 4. 2me }RREAE A /g AESS BK 8. dme WAM

A /g ZFAERAEST SEeREk (Diversa ;San Diego, CA) JHABI RRVAS +, BTIR BE
SEE PSEA B — #8] BEEPA. ANHOE. B — ASR BEEF BSFU Be] iz(7BEPZHOM DAABe
WEE AH AK E79 BeaPRAIAGAD 23¢ FAY / 100g FADFEALoeSBLETAR

YRZARK. BEVESTERS SRAA TP 50°C .191rpm SeesFESFE 72 “NEY. Pe 1 2S HY SACaE

DAFieBc48 A ot ELIEenETEat
[0171]

[0172]
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Spezyme® # . % j 3 BARE
CP (Diversa) ES) ; FERS

BRAS
(g/100g (mg/g (mg/g F ( ¢ (% PBee4{H)

(% 761A)
DWB) eee)|Hee) 
     
      

[0173]

[0174] sf oe H’

[0175] AR ARSm BEEFeS-PACAHEERR C I ARATETIS) PL
~ 130°C. HARINAA ZRBACaSAE~ 60°C 6 BRUSE IREB | TISHil) 78BEEOLS

FARHEIRAR(L75¢, FETE) Be ABAAY feC2VaSPSBRRZEUSIDVat

Aint © FETS BE TAC TAL Ji Ack Pee Le ASatt © RE DSC DAeeATTA] 28PCa2Ws2B <1OkPa,

       
 

 
 
 

   

Vesee
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EtPt EEAAPAEA BIIAS TEBURA 62/1008 AAP HE, AEER

A 45¢/100¢ RAERAABGW. TEARKZI EPRY CTEABILDAS PDahET

145°C. WetaPeyL O EAEABR,RGIPREF 10 Be 20 2pBp, BR

Ja FF ATS BeECAR AAACOAa78BPA ASIHS IA BI ~ 59°C WEFT

= 10 AEPTUFATS20 SP EPPATL, Be Jia EtTAASELTD ET) PA. MA

TA) 2S FEE BS AC BIEaESD REESH ASA PT Ach BR]99) HE OPA ASSES0 FBLlosA

BEL. BSN SKeA 1 PAE) AY PEHReactor “OBE AKfi Mb FE AROS IREAB Paneer12. 9mge/g 4FAEZAWY Spezyme® CP 474i SAA 4. 2me WEPESR I /g PAE RACEAERfA, (Diversa) 76 50°C, pH5. 5 4PEAT 72 IN, TIEREIAELORSEE B th

 
  

 
   

 
   

 
  

 
  

  
  

  

         
  

 
   
 

    
 

 
   

    
 
      

 

 

 
 

      
   

     
   

  
   
 

 

TPE. BalAABE.AB — ZeBPE OR SE 2 PSHIC8ee EA Ac8 op be2shes

HH AA EE SLEo

[0176]

[0177]    
 

RORBRE

BLASPRCEL CH PCE (BEYEAEL )

(% ERICH)

 

 
[0178] Se HI 3

[0179] AY TeyaSEez DV Bs PE FT PAR, EGeT Et LK Be

[0180] ASKHtPL TRHhaSA)ARRS. WSiI) 2 TRLEAK AY feyHGBEIS

UEFyPu OAFEYPEPAEE, PSCEASAB] 9-L) PEHReactor F.

TEL TEAS AS TE DineEEAA ACES Be DVRSENR °C 3 ORE BIAaTE 28 FESiESSBE

ABEaE,PIREAE CY2SPYTIATES,Be

PUKFEA 6/1008 EWiT Fe, Ea BKFE 45¢/100g BERSeaW. TEM

Wee 52 VAYaisPe TAT HE UKGFE 4°C OP4 30 JP4,ReAeA ROK SY PEHReactor “44

4°C.. TINE AAeeeSIARTEAT IR AAYNBDVASP. TEAST MN BeDVS PO

RAGERINEGZJaalBaARYAPEEFBR 115°C. ERAS5URATES

Wah b PREF 20 2)Eh, PAIRGIDEATAZA

[0181] MA A AY fej eR HeBE JS2 DMaAU ZSYRDScA HAR ER Fa AchREEAS, BUSI)

ATIARUETT HEAL. BEL 12. Ome/e AF 4ERIN Spezyme ® CP ZF 4E 22M GGenencor) Fil 1. 2mg 4

PEAR A /@ ZF AERA CEAERRAE(Diversa) HEFT, ATISSR EPR B — FaZaEF

SeBA. B — ACRE AT Beli(6PZSe MECESSEAA P 50°C. L9rpm FSFS 72

/\ EN SERxIie TAS SAEE PANTRY ATSRIDORATE26 3PTaN
[0182] : cS a ON 4 (

[0183]
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[0184]

[0185]

[0186]=HSKite fH) 1 ITAaleeOKIE. OeEYaNLI“aay HEPle Fo Ach SHE AHeSS
by, EA Ae PUAEAEKOKOACargill Bran 80(Cargill, Minnetonka, MN) AJFEYRWW.

WA FRAGA Cargill Bran 80 7AOKZPAEASE, ETEITAET AE SRAPEAEERA

“Y 33%. FEFEMTUP.175e (FEF FE) RABIeeSEAUSE) 2 AT

IRAE FT PATH PAIMD, PETEESCH, CEDIABeii. CEEAZYET2 145°C ZA

tteBZDPAW) 10 oP Bh. PEEAZRUe EGBEE:AEEREPE 145°C FP

sy4h, FERALHU. FPA a SEG PEASEE ATA 2eB

[0187]=AAAS freRRBE DScVS EI TA) 2SBRBP AchBESDSPsRS Bg 2HEA

PEAS, FETT ESEEA 1 PARA 7) A! PEHReactor THRETT HEL. HERON A, BRFOZY,

aPARE] 2020. HY 12. 9mg/g ZT HE REY Spezyme ®CP 27 4Eae (Genencor) Fil 15mg/g 27 HE

ZN Multifect ASS HEME (Genencor) DEFT HE(L. PEHReactor CESFR#a HF 50°C. LOrpm REFER

72 “pit. FALE PABaERAA eaewT P Ze 4 AT AN

 
  

   

    
  

   
  

   
 

 
  

 
 

        

 
  

    
     

      
 

 
    

  
   

    
        

  

 
  

   
        
 

[0188] 4; WY achs AV PU ARAY KK PS DS ROK a Sg BRR RE AR Ke

[0189]
   

    
 7a] Bi Ash7269 AR BE AB. ih ANB

EAESCR ET, FE Eat

  
    

 
 

DWB cone

(% FRAME ) (% Fi (% FRICAL ) (% FRC(EL )
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PLACEI ceaiaes
 

 

DWB cone

(% FEWOIEL )

  
 

 
  
 

 
 

 
 
    

 

[0190] 3Eh f

[0191] JA ZEA TY feat ot SE Be DVS HP Pt Ach ES OR SS

[0192] MOSHE2 ATAPI RAS 10 2pEh. WEF

PUAFH AY FU Ah
    

 
 

   
 

 
 

 
 

   
 

  

fe BEAR 13 REPISAT

[0193]

REP" XeiiAS

HEATHo FRYER

ZT AE ARAL 1. 2me TALE

  

 
       

 
 

 
 
 

 

   

(% FEVMMEL )

  

47 RADE

 
 
 

ACBA

PERL

 
 

  
  

PEP 2, Hie
 

 

(% BEVEL )
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PERLE

 
 

 

(% FEVAIEL )

17 PRIZEFAR SH. HERA 4K

IR ORORSTEA LAA PBA AATREGE odFRMBSBZAPoF

BRAUISA LARFFMELEL

Ay TS FPR SYRMSE6 ZEROBATIEPS SY DSPBSE 1K Be DYasPSSE DO Ak

HES AEE. PAZKARPct7E 2. 8-L PHA RRLAR OKDS

HABEA 4652 FATE el AS, 1000mL HE7k, LAR 28. dmg Spezyme ®CP/g

ae A /e 27 ERR AY PET AEeREK (Diversa) ,MEER EIAELFR b—-

7a) BEET WEE. ANSRB NEE b— ACREEAT bed719BEE PEDAEHT A 8. 5% TI;PO, 24% pIT Vil
 

“WE 5. ORIPR RE LE 50°C PIF TERETRHot

BEA TTLANMELVASP o

BUA ARR ARRDSJa FF HAS

 

  
       HE Wy Jonas

 

 
 

[0194]

PEMD A BI BCD BSA. PIA 8.5% HsPO, 1% pH TERE YE:

Jas MA 28. dmg Spezyme®CP/ yx LAER4. 2me iE
  

#44 5.5. 4% pH
AE
ey

 
   
 

 

 FL   

HALL 150rpm #ex% 48 JIN, HERDUK RAPE

W) (~ 700g) HY — Se opi

a TT Rere

Fl /e@ SP AE RRPET AE aeER CE8

(Diversa) ,RSE AEAALF b— i7aHEPBE ANRO. b-— ACHEEPARAL Ba] AeBP. Et

= 4.8.12.22.26.30 Fl 347) INDAUAESEn5UIBAAEIRE. Spezyme®

CP ZF 4b 2a EAM AEE HEZAREA. REIAA) 1 oDSFRAG, HITAY
 

L/SEeZEA 22 SIAL AS. ZE 26 7S INA 30 ADINZEDABS AY 50 44  By vJASE IFIZ4T 30 5y

 
 

 
  

 ZE t = 29.33.47 All 49 “NIA4T 30 44

60g/L WAI8H25g/L AHERN 10g/L Z

[0195]

ZN658 fe1S AH ACEAHd BalTR TETE

Ae A SE ES AFf 60/847813 POT UE RETT SH

SERIALEZBI] ZW1 (ATCC#31821) FEPAIZAL

  
  va
Boo  
 

  

 
 

    
 LR 

 
 

  
   

  
 

 

 

  

 
 

 

 

 

ATE

1, MOREL EN Ta] 120 ZB. ECE7K HRP=A,>~

1K ee Pe FFiah Ae8Besa PK ZWS00 BRK ZW658 (ATCCHPTA-7858) 4 ME.

TURE AN BE AC BEM ZIRE FESR A AMT — SRT]   
  ZW658 ihxl Ze rh 

HE, PR Jer1ARAPEBS
  

     
 

  
AES

 
FEBDE BAPERG

iT HAs TLE44)

£2, FTIRLRAAE AE PpapX¥1AB Fl P,.ptaltkt,EIPO Si1S ASHE TA) BE ASaBEPR FE    
 
 

HEE PP igAT eePi:SI ANBAA     
     

 ZW658 PaPR, EE HE ESEAYASE PA AR RSG Fl SA A ep 60/847813 43  
[0196] ACRE RK ee a 1 FP ACRE (BLOSTAT ® B-DCU  
Bethlehem, Pennsylvania, USA) Pit4y, #IaA4  

mS

EPRAR AY 500mL. FEF

     
 

 
  

RB, Sartoriu

 
47 SFR.  

 

 
HedUO AA EU Ac PE HE 

JE]. ZW800 #2AABaA7aOERBesJEAL AY

s BBlSystem Inc. ,
 
-F
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EA 10% (v/v), CETTE AEN ODeo0 ~~ Le AREG7ASF1LeBA 80 2% BK 10%

(v/v) o DMA BADi2aBEA OBE EETIE APINARA 92¢/L Fl 82¢/L. Ath

Fe 10mM wy AL REAN Le/L MgSO, * 7H,0. 7E 33°C. pHd. 8. PeEERERE 150rpm AARPEST 72

AEN IK ACHE. ZWSO0 PARReAZHAE PEA TE 40% [ZKAEI8e/L, TE 80% IN 7Kfer

WH Te/Lo ZW658 HeZkZeeEECE 40% WY ZKRPP 8e/L, FE 80% WI ZKRr

6. 5¢/Lo
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