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Cl (57) Abstract: A valve assembly wherein the inner wall of the valve body comprises at least one opening for the entry of a liquid 

~ under pressure following output of a slurry or liquid from a tube or pipe. The valve assembly is particularly useful in maintaining a 

0 9 9 9 9 9 9 9 

%Itt~% semi-continuous or continuous pressurized flow of biomass from an extruder and extending the reaction zone downstream from the 

Cl 9 

Cl extruder. An advantage of having an extended reaction zone allows for a complete treatment of materials without further wear on the 

0 extruder and also allows manipulation of the upstream treatment of materials in the tube or pipe.  
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PRESSUREVALVEPROCESSING 

CROSS-REFERENCE 

[0001] ThisapplicationclaimsthebenefitofUS.ProvisionalApplicationNo.  

63/087,077,filedonOctober2,2020,U.S.ProvisionalApplicationNo.63/146,608,filedon 

Febmary6,2021,andU.S.ProvisionalApplicationNo.63/153,740,filedonFebruary25, 

2021, eachofwhichisincorporatedhereinbyreferenceinitsentirety.  

BACKGROLTND 

[0002] Valvesareusedtocontroltheflowofmaterialsinmanyindustrialprocesses.  

Theinsideofareliefvalvecontainsaplugthatblocksorreducestheoutputofasourceof 

materialwhenthevalveispressurized.Whenthepressurebehindtheplugisreleasedthe 

plugispushedbackbytheforceofthepressurefromthisoutput.Thisallowsthevalveto 

beopeneduntilthepressurebehindtheplugisequalorgreaterthantheforceoftheoutput.  

Ifavalveiscoupledtoanactuatoroperatinginresponsetotheoutputprecisecontinuous 

movementispossibleratherthanwithjustamanual-operatedorspring-operatedvalve.  

[0003] Whenmovingmaterialsunderpressureitcanbedifficulttocontrolthepressure 

inthecontainerthroughwhichtheyaretransported.Thisisdifficultforcontinuousor 

S flowofaslurryofmaterialsmovinginonedirectionincriticaloperating 

statesresultingfromtreatmentofthemedia.Inordertomaintainaconstantpressureand 

velocityofthemovingmaterialavalvemustbedesignedtooperatetoholdthepressurein 

ofparticulatesubstancessuchasbiomassmovinginaliquidunderhighpressurewherethe 

valveisinvolvedinfurthertreatmentandtheflowofmaterialsisrapidandsurging.Such 

severeoperatingconditionscaninduceprematurefailureandleakageofthevalveassembly, 

resultinginblowoutsandextremewear.Furtherslurryparticlescanbecometrappedinthe 

valvesealingcycleresultinginperformancedegradationofthevalveassembly.Ingeneral, 

pressurereliefvalvesarenotdesignedtohandlesuchoperations.  

SUMMARY 

[0004] Inoneaspectprovidedhereinisasystemforpretreatingabiomasscomprising:an 

extnidercomprisingoneormorescrewswhereinaninternalplugofthebiomassisformed 

duetoactionoftheoneormorescrewstherebyforminganupstreamendofapressurized 

reactionzoneforpretreatmentofthebiomassandavalveassemblyattachedatanoutput 

1 

thepipeorbarrelataconstantwhileallowingforacertainvelocity.Thisisespeciallytrue
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endoftheextruderwhereinthevalveassemblyformsadownstreamendofthereaction 

zoneandaddsaliquidtothereactionzone.  

[0005] Inanotheraspectprovidedhereinisasystemforpretreatingabiomass 

comprising:anextrudercomprisingoneormorescrewswhereinaninternalplugofthe 

biomassisformedduetoactionoftheoneormorescrewstherebyforminganupstream 

endofapressurizedreactionzoneforpretreatmentofthebiomaswandavalveassembly 

attachedatanoutputendoftheextruderwhereinthevalveassemblycomprises:avalve 

bodycomprisingalargecircularsectionanintercalaryconicalsectionandasmallcircular 

collarcontainingoneormorenozzlesforliquidinputthevalvebodyhavingachamber 

formedthereinthatconnectsaninputendandadischargeendofthevalvebodywherein 

thesmallcircularcollarissmallerininnerdiameterthanthelargecircularsectiornavalve 

needleaxiallydisplaceablewithinthechamberofthevalvebody;andahousingattachedto 

thedischargeendofthevalvebodyandenclosingthevalveneedlewhenthevalveneedleis 

disengagedwiththevalvebody.  

[0006] Insomeembodimentsthebiomassisselectedfromthegroupconsistingof 

silageagriculturalresiduescomstoverbagassesorghumnutsnutshellscoconutshells 

DistillersDriedSolublesDistillersDriedGrainsCondensedDistillersSolublesDistillers 

WetGrainsDistillersDriedGrainswithSolubleswoodymaterialssawdustwoodchips, 

woodpelletstimberslashmillscrapmunicipalwastewastepaperrecycledtoiletpapers 

yardclippingsandenergycropssuchaspoplarswillowsswitchgrassalfalfaandprairie 

bluestemnon-woodyplantmaffercellulosicmaterial, lignocellulosicmaterial, 

bamboocorncobsandpeelsandpits.Insomeembodimentsthebiomassistreatedforless 

than60,55,50,45,40,35,30,25,20,19,18,17,16,15,14,13, 12,10,9,8,7,6,5,4,3,2, 

or1secondinthereactionzone.Insomeembodimentstemperatureinthereactionzoneis 

elevatedto50-500 0 C,75-4000 C,100-3500 C,15O-3000 C,200-2500 Cor15O-3000 Cand 

pressureinthereactionzoneiselevatedto50-1000PSI,100-750PSI,200-600PSI,300-500 

PSIor350-450PSI.Insomeembodimentsthesystemfurthercomprisesameanforsupplying 

steamandoneormorechemicalstothereactionzone.Insomeembodimentstheoneor 
S morechemicalscompnseanacid.Insomeembodimentstheacidissulfuricacid.  

[0007] Insomeembodimentsthevalveassemblycomprises:avalvebodycomprisinga 

largecircularsectionanintercalaryconicalsectionandasmallcircularcollarcontaining 

oneormorenozzlesforliquidinputthevalvebodyhavingachamberformedthereinthat 

connectsaninputendandadischargeendofthevalvebodywhereinthesmallcircular 

collarissmallerininnerdiameterthanthelargecircularsectiornavalveneedleaxially 

2 

hemicellulosicmaterialcarbohydratescornsugarcanegrasseshighbiomasssorghum
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displaceablewithinthechamberofthevalvebody;andahousingattachedtothedischargeend 

ofthevalvebodyandenclosingthevalveneedlewhenthevalveneedleisdisengagedwith 

thevalvebody.Insomeembodimentsthehousingcontainsaremovabledischargering.In 

someembodimentsthedischargeringistapered.Insomeembodimentsthevalvebody 

containsanannularring.Insomeembodimentstheannularringisremovable.Insome 

embodimentsthereisanannularspaceformedinthechamberbetweenthevalvebodyandthe 

valveneedlewhenthevalveneedleisclosedonthevalvebody.Insomeembodimentsthe 

nozzlesforliquidinputtransferwaterintothechamber.Insomeembodimentsthenozzlesfor 

liquidinputtransferaliquidotherthanwaterintothechamber.Insomeembodimentsthe 

liquidisselectedfromthegroupconsistingofanacidabaseanalcoholaketonean 

aldehydeasolventoracombinationthereofInsomeembodimentsaninnerdiameterof 

thehousingatanendofthehousingabuffingthevalvebodyisatleast70olargerthanan 

innerdiameterofthevalvebodyatitsdischargeend.Insomeembodimentsaninner 

diameterofthehousingatanendofthehousingabuttingthevalvebodyisabout70olarger 

thananSinnerdiameterofthevalvebodyatitsdischargeend.Insomeembodimentsthe 

valveneedlehasaconewithawideendopposingtoitsconicaltip.Insomeembodiments, 

theconeistaperedinarangeoffrom45degreesto75degrees.Insomeembodimentsthe 

coneistaperedabout45degrees 4 Insomeembodimentsthevalveneedlehasadiameterat 

thewideendthatisatleast40olargerthananinnerdiameterofthevalvebodyatits 

dischargeend.Insomeembodimentsthevalveneedlehasadiameteratthewideendthat 

isabout40olargerthananinnerdiameterofthevalvebodyatitsdischargeend.Insome 

portsforaddingsteamand/oracid.  

[0008] Inanotheraspectprovidedhereinisamethodofpretreatingabiomassthroughthe 
S 

systemdisclosedherein.  

[0009] Inanotheraspectprovidedhereinisamethodofpretreatingabiomassthemethod 

comprising:conveyingthebiomassthroughanextruderfromafeederzoneoftheextrudertoa 

reactionzoneoftheextniderwhereinthefeederzoneandthereactionzoneareseparatedbya 

biomassplugformeddownstreamoftheinputzoneandupstreamfromthereactionzoneadding 

steamand/orachemicaltothebiomassinthereactionzonetopartiallytreatthebiomass~ 

conveyingthepartially-treatedbiomassintoavalveassemblyattachedtoanoutputendofthe 

extniderandtreatingthepartially-treatedbiomassinthevalveassemblytherebyproducinga 

pretreatedbiomass~anddischargingthepretreatedbiomassthroughthevalveassembly.  

[00010] Insomeembodimentsofthemethodthebiomassisconveyedthroughtheextruderat 

avelocitysameasavelocityatwhichthepartially-treatedbiomassisconveyedthroughthe 

3 

embodimentstheextruderisatwinscrewextruder.Insomeembodimentstheextruderhas
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valveassembly.Insomeembodimentstemperatureinthereactionzoneiselevatedto50-500 

oc,75-4000 C,100-3500 C,150-3000 C,200-2500 Cor150-3000 Candpressureinthereaction 

zoneiselevatedto50-1000PSI,100-750PSI,200-600PSI,300-500PSIor350-450PSI.In 

someembodimentsthebiomassisselectedfromthegroupconsistingofsilageagricultural 

residuescornstoverbagassesorghumnutsnutshellscoconutshellsDistillersDried 

SolublesDistillersDriedGrainsCondensedDistillersSolublesDistillersWetGrains 

DistillersDriedGrainswithSolubleswoodymaterialssawdustwoodchipswoodpellets 

timberslashmillscrapmunicipalwastewastepaperrecycledtoiletpapersyard 

clippingsandenergycropssuchaspoplarswillowsswitchgrassalfalfaandprairie 

bluestemnon-woodyplantmattercellulosicmaterial, lignocellulosicmaterial, 

hemicellulosicmaterialcarbohydratescornsugarcanegrasseshighbiomasssorghum 

bamboocorncobsandpeelsandpits.Insomeembodimentsthebiomassistreatedforless 

than60,55,50,45,40,35,30,25,20,19,18,17,16,15,14,13, 12,10,9,8,7,6,5,4,3,2, 

or1secondinthereactionzone.Insomeembodimentsthechemicalisselectedfromthe 

groupconsistingofanacidabaseanalcoholaketoneanaldehydeasolventora 

combinationthereofInsomeembodimentstheextrudercomprisesoneormorescrews.In 

someembodimentstheextrudercomprisestwoscrews.  

[00011] Inanotheraspectprovidedhereinisamethodofpretreatingabiomassthemethod 

comprising:conveyingthebiomassthroughanextruderfromafeederzoneoftheextrudertoa 

reactionzoneoftheextruderwhereinthefeederzoneandthereactionzoneareseparatedbya 

biomassplugformeddownstreamoftheinputzoneandupstreamfromthereactionzoneadding 

conveyingthepartially-treatedbiomassintoanextensioncompartmentattachedtoanoutputend 

oftheextruderandtreatingthepartially-treatedbiomassintheextensioncompartmentthereby 

producingapretreatedbiomass.  

[00012] Insomeembodimentsthemethodfurthercomprisingaddinganacidata 

downstreamendoftheextruderasthebiomassexitstheextruder.Insomeembodimentsthe 

extensioncompartmentisformedbyatube.Insomeembodimentstheextensioncompartment 

isformedbyavessel.Insomeembodimentstheextensioncompartmentisformedbyavalve 

assembly.Insomeembodimentstheextensioncompartmentiscapableofdischargingthe 

pretreatedbiomassinacontinuousmanner.Insomeembodimentstheextensioncompartment 
semi-continuousmanner.Insome 

iscapableofdischargingthepretreatedbiomassina S 

embodimentstheextensioncompartmentiscapableofdischargingthepretreatedbiomassin 

batches.thebiomassisconveyedthroughtheextnideratavelocitysameasavelocityatwhich 

thepartially-treatedbiomassisconveyedthroughtheextensioncompartment.Insome 

4 

steamand/orachemicaltothebiomassinthereactionzonetopartiallytreatthebiomasw
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embodimentstheextensioncompartmentispressurized.Insomeembodimentstheextension 

compartmentisequippedwithoneormorenozzlesforliquidinput.Insomeembodimentsthe 

nozzlesforliquidinputtransferwaterintothechamber.Insomeembodimentsthenozzlesfor 

liquidinputtransferaliquidotherthanwaterintothechamber.Insomeembodimentsthe 

liquidisselectedfromthegroupconsistingofanacidabaseanalcoholaketonean 

aldehydeasolventoracombinationthereofInsomeembodimentstemperatureinthe 

reactionzoneiselevatedto50-500 0 C,75-4000 C,100-3500 C,15O-3000 C,200-2500 Cor150

3000 Candpressureinthereactionzoneiselevatedto50-1000PSI,100-750PSI,200-600PSI, 

300-500PSIor350-450PSI.Insomeembodimentsthebiomassisselectedfromthegroup 

consistingofsilageagriculturalresiduescornstoverbagassesorghumnutsnutshells, 

coconutshellsDistillersDriedSolublesDistillersDriedGrainsCondensedDistillers 

SolublesDistillersWetGrainsDistillersDriedGrainswithSolubleswoodymaterials, 

sawdustwoodchipswoodpelletstimberslashmillscrapmunicipalwastewastepaper, 

recycledtoiletpapersyardclippingsandenergycropssuchaspoplarswillows, 

switchgrassalfalfaandprairiebluestemnon-woodyplantmattercellulosicmaterial 

lignocellulosicmaterialhemicellulosicmatedal, carbohydratescornsugarcanegrasses, 

highbiomasssorghumbamboocomeobsandpeelsandpits.Insomeembodimentsthe 

biomassistreatedforlessthan60,55,50,45,40,35,30,25,20,19,18,17,16,15,14,13, 

12,10,9,8,7,6,5,4,3,2,or1secondinthereactionzone.Insomeembodimentsthe 

chemicalisselectedfromthegroupconsistingofanacidabaseanalcoholaketonean 

aldehydeasolventoracombinationthereofInsomeembodimentstheextnider 

[00013] Inoneaspectasystemfortreatingbiomassthroughanextruderandavalve 

assemblyisprovidedcomprising:anextrudercomprisingoneormorescrewswhereinan 

internalplugofbiomassisformedduetoactionofthescrewstherebyformingoneendofa 

pressurizedreactionzoneamethodofsupplyingsteamandoneormorechemicalstothe 

reactionzoneavalveassemblyattachedattheoutputendoftheextruderthatformsthe 

downstreamendofthereactionzoneandaddsaliquidtothereactionzoneandthevalve 

assemblycapableofrapidlydischargingpressurizedtreatedbiomassintoanon-pressurized 

dischargearea.  

[00014] Insomeembodimentsthebiomassisselectedfromthegroupconsistingof 

silageagriculturalresiduescornstoverbagassesorghumnutsnutshellscoconutshells 

DistillersDriedSolublesDistillersDriedGrainsCondensedDistillersSolublesDistillers 

WetGrainsDistillersDriedGrainswithSolubleswoodymaterialssawdustwoodchips, 

woodpelletstimberslashmillscrapmunicipalwastewastepaperrecycledtoiletpapers 

5 

comprisesoneormorescrews.Insomeembodimentstheextnidercomprisestwoscrews.
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yardclippingsandenergycropssuchaspoplarswillowsswitchgrassalfalfaandprairie 

bluestemnon-woodyplantmaffercellulosicmaterial, lignocellulosicmaterial, 

hemicellulosicmaterialcarbohydratescornsugarcanegrasseshighbiomasssorghum 

bamboocorncobsandpeelsandpits.Inafurtheraspectthebiomassistreatedforless 

than60,55,50,45,40,35,30,25,20,19,18,17,16,15,14,13, 12,10,9,8,7,6,5,4,3,2, 

or1secondsinthereactionzone.Inanotherembodimentthetemperatureinthereaction 

zoneiselevatedto50-500 0 C,75-4000 C,100-350W,150-300W,200-250Wor150

3000 Candthepressureiselevatedbysteamto50-1000PSI,100-750PSI,200-600PSI 

300-500PSIor350-450PSI.Inanotheraspectthechemicalisanacid.Inanotheraspect 
theacidissulfuricacid.Inafurtherembodimentthevalveassembly e 

comprises:ahousing; 

avalvebodycomprising:alargecircularsectiornamiddleconicalsection;asmaller 

circularcollarcontainingoneormorenozzlesforliquidinput;andavalveneedle.  

[00015] Inanotherembodimentthereisaspacebetweenthevalvebodyandthevalve 

needlewhenthevalveneedleisseated.Inoneaspectthenozzlesforliquidinputtransfer 

waterintothespacebetweenthevalvebodyandthevalveneedle.Inanotheraspectthe 

nozzlesforliquidinputtransferaliquidotherthanwaterintothespacebetweenthevalve 

bodyandthevalveneedle.Inoneembodimenttheliquidisselectedfromthegroup 
e 

consistingofanacidabaseanalcoholaketoneanaldehydeasolventoracombination 

thereof 
S 

[00016] Inoneaspectthereisamethodfortreatingaslurryorliquidinapipeorbarrel 

attachedtoavalveassemblythemethodcomprising:thepipeorbarrelhavingaplug 

havingavalveassemblyattachedtotheoutputendofthepipeorbarrelformingthe 

downstreamendofthereactionzonewhilemaintainingpressureinthereactionzone 

throughtheinputofsteamaddingasubstanceintotheupstreamendofthevalveassembly 

astheliquidorslurryentersthevalveassembly:andusingthevalveassemblytodischarge 

thetreatedliquidorslurryintoanon-pressurizedarea.Inoneaspecttheliquidorslurry 

comprisesbiomass.Inanotheraspectthebiomassisselectedfromthegroupconsistingof 

silageagriculturalresiduescomstoverbagassesorghumnutsnutshellscoconutshells 

DistillersDriedSolublesDistillersDriedGrainsCondensedDistillersSolublesDistillers 

WetGrainsDistillersDriedGrainswithSolubleswoodymaterialssawdustwoodchips, 

woodpelletstimberslashmillscrapmunicipalwastewastepaperrecycledtoiletpapers 

yardclippingsandenergycropssuchaspoplarswillowsswitchgrassalfalfaandprairie 

bluestemnon-woodyplantmaffercellulosicmaterial, lignocellulosicmaterial, 

hemicellulosicmaterialcarbohydratescornsugarcanegrasseshighbiomasssorghum 

6 

formingoneendofareactionzoneconveyingaliquidorslurrythroughthepipeorbarrels
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bamboocomeobsandpeelsandpits.Inanotheraspectthebiomassistreatedforlessthan 

60,55,50,45,40,35,30,25,20,19,18,17,16,15,14,13,12,10,9,8,7,6,5,4,3,2,or1 

secondsinthereactionzone.  

[00017] Inoneembodimentthetemperatureinthereactionzoneiselevatedto50-500 

oc,75-4000 C,100-3500 C,150-3000 C200-2500 Cor150-3000 Candthepressureis 

elevatedbysteamto50-1000PSI,100-750PSI,200-600PSI,300-500PSIor350-450PSI.  

Inanotherembodimentthesubstanceisanacid.Inafurtherembodimenttheacidis 

S acid.  

[00018] Inoneaspectasystemisprovidedtoextendareactionzonedownstreamofan 

extrudercomprising:anextnidercomprisingareactionzonesectionwhereinsaidextnider 

reactionzonesectionisattachedtoadownstreamvalveassemblycomprisinganadjacent 

innerspacewhereinthereactionzonesectionintheextruderiscombinedwiththeadjacent 

innerspaceofthevalveassemblytoextendthereactionzonedownstreamoftheextnider.  

Inanotheraspectthevelocityofthematerialsmovingthroughthereactionzonesectionof 

theextruderiskeptconstantwiththevelocityofthematerialsmovingthroughthevalve 

assembly.  

[00019] Inoneembodimentthevalveassemblyhasanannularringthatispartofthe 

valvebody.Inanotherembodimenttheannularringisreplaceable.Inoneembodiment 

thevalvebodycontainsnozzlesfortheinputofaliquid.Inoneembodimentavalve 

needleseatsatadischargeringwhenclosedinthevalvebody.Inafurtheraspectthevalve 

needleisattachedtoanactuator.Inoneembodimenttheactuatormaintainsapressureon 

anotherembodimenttheactuatormaintainsapressureofbetween50,000to500,000lbfon 

thevalveneedle.  

[00020] Inoneembodimenttheextruderisatwinscrewextruder.Inanother 

embodimenttheextruderhasportsforaddingsteamand/oracid.  

[00021] Inoneaspectamethodtoextendareactionzonedownstreamofanextruderis 

providedthemethodcomprisingprocessingbiomassinareactionzonewhereinthe 

reactionzoneextendsfromanextruderintoanattacheddownstreamvalveassembly.In 

oneembodimentthevalveassemblycomprises:ahousingavalvebodyfurther 

comprisingalargecircularsectionamiddleconicalsectionasmallercircularcollar 

containingoneormorenozzlesforliquidinputandavalveneedle.  
S 

[00022] Inoneembodimentthehousingcontainsaremovabledischargering.Inanother 

embodimentthedischargeringistapered.Inafurtherembodimentthevalvebody 

containsanannularring.Inafurtherembodimenttheannularringisremovable.Inone 

7 

thevalveneedlesaidpressurewhichismaintainedover1,800lbfonthevalveneedle.In
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aspectthereisaspacebetweenthevalvebodyandthevalveneedlewhenthevalveneedle 

isseated.Inanotheraspectthenozzlesforliquidinputtransferwaterintothespace 

betweenthevalvebodyandthevalveneedle.Inafurtheraspectthenozzlesforliquid 

inputtransferaliquidotherthanwaterintothespacebetweenthevalvebodyandthevalve 

needle.Inanotherembodimenttheliquidinthenozzlesisselectedfromthegroup 
S 

consistingofanacidabaseanalcoholaketoneanaldehydeasolventoracombination 

thereofInanotherembodimenttheliquidisanacid.Inafurtherembodimenttheacidis 

S acid.Inanotherembodimentsteamandoneormorechemicalsareaddedtothe 

reactionzoneoftheextruder.Inafurtherembodimentthetemperatureinthereactionzone 

iselevatedto50-500 0 C,75-4000 C,100-3500 C,15O-3000 C,200-2500 Cor15O-300 0 C.  

Thepressureiselevatedbysteamto50-1000PSI,100-750PSI,200-600PSI,300-500PSI 

or350-450PSI.Inanotherembodimentthevelocityiskeptconstantthroughoutthe 
S 

reactionzone.  

[00023] Inoneaspectamethodofprocessingbiomassisprovidedcomprising: 

conveyingbiomassthroughanextruderwhereintheextruderisdividedintotwozonesan 

inputzoneandareactionzoneseparatedbyabiomassplugformeddownstreamofthe 

inputzoneandupstreamfromthereactionzoneaddingsteamand/orachemicaltobiomass 

inthereactionzonetopartiallytreatthebiomassconveyingthepartially-treatedbiomass 

intoanaffachedvalveassemblyforatimetocontinuetreatmentanddischargingthe 

biomassthroughthevalveassembly.Inanotheraspectthevelocityofthebiomassbeing 

conveyedisthesameintheextruderandinthevalveassembly.Inaoneembodimentthe 

300W200-250Wor150-300 0 C.Thepressureiselevatedbysteamto50-1000PSI,100

750PSI,200-600PSI,300-500PSIor350-450PSI.Inafurtherembodimentthebiomass 

isselectedfromthegroupconsistingofsilageagriculturalresiduescomstoverbagasse, 

sorghumnutsnutshellscoconutshellsDistillersDriedSolublesDistillersDriedGrains 

CondensedDistillersSolublesDistillersWetGrainsDistillersDriedGrainswithSolubles, 

woodymaterialssawdustwoodchipswoodpelletstimberslashmillscrapmunicipal 

wastewastepaperrecycledtoiletpapersyardclippingsandenergycropssuchaspoplars, 

willowsswitchgrassalfalfaandprairiebluestemnon-woodyplantmattercellulosic 

materiallignocellulosicmaterialhemicellulosicmaterialcarbohydratescornsugarcane 

grasseshighbiomasssorghumbamboocomcobsandpeelsandpits.Inoneaspectthe 

biomassistreatedforlessthan60,55,50,45,40,35,30,25,20,19,18,17,16,15,14,13, 

12,10,9,8,7,6,5,4,3,2,or1secondinthereactionzone.Inanotheraspectthechemical 

8 

temperatureinthereactionzoneiselevatedto50-500 0 C75-4000 C,100-3500 C,150-
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isselectedfromthegroupconsistingofanacidabaseanalcoholaketoneanaldehydea 

solventoracombinationthereof 

INCORPORATIONBYREFERENCE 

[00024] Allpublicationspatentsandpatentapplicationsmentionedinthisspecification 

arehereinincorporatedbyreferencetothesameextentasifeachindividualpublication 

patentorpatentapplicationwasspecificallyandindividuallyindicatedtobeincorporated 

byreference.  

BRIEFDESCRIPTIONOFTHEDRAWINGS 
S 

[00025] Thenovelfeaturesofthedisclosurearesetforthwithparticularityinthe 

appendedclaims.Abefterunderstandingofthefeaturesandadvantagesofthepresent 

disclosurewillbeobtainedbyreferencetothefollowingdetaileddescriptionthatsetsforth 

illustrativeembodimentsS 
inwhichtheprinciplesofthedisclosureareutilizedandthe 

accompanyingdrawingsofwhich: 

[00026] FIG1isadiagramdepictingthemodifiedpressurevalveassembly.  

[00027] FIG2isadiagramshowingalongitudinalviewofthevalveanditshousing.  

[00028] FIGS3Aand3Barediagramsdepictinglongitudinalviewsofthevalve 

assemblyfromthetop(3A)andside(3B).  

[00029] FIG4isalongitudinaldrawingofthevalveassemblyfrominaviewfromthe 

top.  

[00031] FIG6isadrawingofacrosssectionofthevalvebodywithoutthevalveneedle.  

[00032] FIGS7A-7Ddepictcrosssectionsofthevalveattheannulusat:aclosed 

position(7A);witha0.5mmstroke(7B);witha1.0mmstroke(7C);andwitha1.5mm 

stroke(7D).  

DETAILEDDESCRIPTION 
I, I? [00033] Asusedinthespecificationandtheappendedclaimsthesingularformsa 

I, anand"the"includepluralreferentsunlessthecontextclearlydictatesotherwise.Thus, 

forexamplereferencetoapurifiedmonomerI, includesmixturesoftwoormorepurified 

monomers.ThetermIcomprisingI? asusedhereinissynonymouswith"includingI' 

containing," orcharacterizedby," andisinclusiveoropen-endedanddoesnotexclude 

additionalunrecitedelementsormethodsteps.  

9 

[00030] FIG5isalargerdrawingofsectionAseeninFigure4.
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[00034] "About"meansareferencednumericindicationplusorminus oofthat 

referencednumericindication.Forexamplethetermabout4wouldincludearangeof3.6 

to4.4.Allnumbersexpressingquantitiesofingredientsreactionconditionsandsoforth 

usedinthespecificationaretobeunderstoodasbeingmodifiedinallinstancesbythe 

term"about."Accordinglyunlessindicatedtothecontrarythenumericalparametersset 

forthhereinareapproximationsthatcanvarydependinguponthedesiredproperties 

soughttobeobtained.Attheveryleastandnotasanaftempttolimittheapplicationof 

thedoctrineofequivalentstothescopeofanyclaimsinanyapplicationclaiming S 

S 

tothepresentapplicationeachnumericalparametershouldbeconstruedinlightofthe 

numberofsignificantdigitsandordinaryroundingapproaches.  

,, 

[00035] Whereverthephrase"forexample,""suchas, including"andthelike 
areusedhereinthephraseandwithoutlimitation"isunderstoodtofollowunless 

explicitlystatedotherwise.Therefore,"forexampleethanolproduction"means"for 

exampleandwithoutlimitationethanolproduction.  

[00036] Inthisspecificationandintheclaimsthatfollowreferencewillbemadetoa 

numberoftermswhichshallbedefinedtohavethefollowingmeaning.  

Definitions 

[00037] "Optional"or"optionally"meansthatthesubsequentlydescribedeventor 

circumstancemayormaynotoccurandthatthedescriptionincludesinstanceswhere 

saideventorcircumstanceoccursandinstanceswhereitdoesnot.Forexamplethe 

phrase"themediumcanoptionallycontainglucosemeansthatthemediummayormay 

containingglucoseandmedianotcontainingglucose.  

[00038] Unlesscharacterizedotherwisetechnicalandscientifictermsusedhereinhave 

thesamemeaningascommonlyunderstoodbyoneofordinaryskillintheart.  

[00039] Theterm"biomassasusedhereinhasitsordinarymeaningasknowntothose 

skilledintheartandcanincludeoneormorecarbonaceousbiologicalmaterialsthatcan 

beconvertedintoabiofuelchemicalorotherproduct.Biomassasusedhereinis 
S S 

synonymouswiththeterm"feedstock"andincludessilageagriculturalresidues(corn 

stalksgrassstrawgrainhullsbagasseetc.),nutsnutshellscoconutshellsanimal 

waste(manurefromcattlepoultryandhogs),DistillersDriedSolublesDistillersDried 

GrainsCondensedDistillersSolublesDistillersWetGrainsDistillersDriedGrainswith 

Solubleswoodymaterials(woodorbarksawdustwoodchipswoodpelletstimber 

10 

notcontainglucoseasaningredientandthatthedescriptionincludesbothmedia
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slashandmillscrap),municipalwaste(wastepaperrecycledtoiletpapersyard 

clippingsetc.),andenergycrops(poplarswillowsswitchgrassalfalfaprairiebluestem 

algaeincludingmacroalgaesuchasmembersoftheChlorophytaPhaeophyta, 

Rhodophytaetc.).Oneexemplarysourceofbiomassisplantmatter.Plantmattercanbe 

forexamplewoodyplantmatternon-woodyplantmattercellulosicmaterial, 

lignocellulosicmaterial, hemicellulosicmatedal, sugarcanegrassessorghumhigh 

biomasssorghumbambooalgaeandmaterialderivedfromthese.Plantscanbeintheir 

naturalstateorgeneticallymodified, e.g.,toincreasethecellulosicorhemicellulosic 

portionofthecellwallortoproduceadditionalexogenousorendogenousenzymesto 

increasetheseparationofcellwallcomponents.Plantmattercanbefurtherdescribedby 

referencetothechemicalspeciespresentsuchasproteinspolysaccharidesandoils.  

Polysaccharidesincludepolymersofvariousmonosaccharidesandderivativesof 

monosaccharidesincludingglucosefructoselactosegalacturonicacidrhamnoseetc.  

Plantmatteralsoincludesagriculturalwastebyproductsorsidestreamssuchaspomace, 

cornsteepliquorcorncobscornfibercornsteepsolidsdistillersgrainspeelspits, 

fermentationwastestrawlumbersewagegarbageandfoodleftovers.Peelscanbecitrus 

whichincludebutarenotlimitedtotangerinepeelgrapefruitpeelorangepeel, 

tangerinepeellimepeelandlemonpeel.Thesematerialscancomefromfarmsforestry, 

industrialsourceshouseholdsetc.Anothernon-limitingexampleofbiomassisanimal 

matterincludingforexamplemilkbonesmeatfatanimalprocessingwasteand 

suchasthosedescribedherein.  

I, 

[00040] "Pretreatment"orpretreated"isusedhereintorefertoanymechanical, 
chemicalthermalbiochemicalprocessorcombinationoftheseprocesseswhetherina 

combinedsteporperformedsequentiallythatachievesdisruptionorexpansionofthe 

biomasssoastorenderthebiomassmoresusceptibletoaftackbyenzymesand/or 

microbesandcanincludetheenzymatichydrolysisofreleasedcarbohydratepolymersor 

oligomerstomonomers.Inoneembodimentpretreatmentincludesremovalordisruption 

ofligninsoastomakethecelluloseandhemicellulosepolymersintheplantbiomass 

moreavailabletocellulolyticenzymesand/ormicrobesforexamplebytreatmentwith 

acidorbase.Inoneembodimentpretreatmentincludesdisruptionorexpansionof 

cellulosicand/orhemicellulosicmaterial.Inanotherembodimentitcanrefertostarch 

releaseand/orenzymatichydrolysistoglucose.Steamexplosionandammoniafiber 

11 

animalwaste."Feedstock"isfrequentlyusedtorefertobiomassbeingusedforaprocess,
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expansion(orexplosion)(AFEX)arewellknownthermal/chemicaltechniques.  

Hydrolysisincludingmethodsthatutilizeacidsbasesand/orenzymescanbeused.  

Otherthermalchemicalbiochemicalenzymatictechniquescanalsobeused.  

[00041] "Steamexplosion"asusedhereinisaphysicochemicalmethodthatuseshigh
S pressuresteamtodisruptbondingbetweenpolymenccomponentsanddecompressiontobreak 

thelignocellulosestructure.Inthismethodthelignocelluloseslurryistreatedwithhigh

pressuresteamforsometimeandthenrapidlydepressurizedtoatmosphericpressure.  

I, 

[00042] Asintendedhereinaliquid"compositionmaycontainsolidsandasolids" 
compositionmaycontainliquids.Aliquidcompositionreferstoacompositioninwhich 

thematerialisprimarilyliquidandasolidscompositionisoneinwhichthematerialis 

primarilysolid.A"slurryreferstosolidsdissolvedorundissolvedinaliquid.  

Description 

[00043] Thefollowingdescriptionandexamplesillustratesomeexemplary 

embodimentsofthedisclosureindetail.Thoseofskillintheartwillrecognizethatthere 
S 

arenumerousvariationsandmodificationsofthisdisclosurethatareencompassedbyits 

scope.Accordinglythedescriptionofacertainexemplaryembodimentshouldnotbe 

deemedtolimitthescopeofthepresentdisclosure.  

[00044] Inoneaspectthevalveassemblydescribedhereinhasastructureanddesign 

thataddressesdegradativestressesencounteredinhighpressureflowsoftreatedliquidsor 

slurriesofmaterialsflowingthroughatubeorpipe.Thevalveassemblyisdesignedto 

attachedtubeorpipeupstreamintothevalveassemblythroughthevalveassemblyand 

downstreamintoadischargearea.  

[00045] Anothermajoradvantageofusingavalveassemblysuchasonedescribed 

hereinistheabilitytoreducethetimematerialsareprocessedintheextruderbarrel.The 

pressureandvelocityofmaterialsmovingthroughthereactionzoneisheldfairlyconstant 

nomafterthesizeoftheextruderandendvalveassembly.Becausetheannularspacein 

thevalveaddsreactionzonelengthwhenincreasingthesizeofthevalvethereaction 

zonevolumeincreasestherebyincreasingthetimeofmaterialsprocessingwithout 

extendingtheretentionperiodintheextruderbarrel.  

[00046] Inoneembodimentvalveassembliesforuseinfluidendsareprovided.In 

anotheraspectthevalveassemblydisclosedhereincanbeusedtocontinuouslyorsemi

continuouslyprocessliquidsaslurryofmaterialsathickliquidoranyliquifiedmatter 

12 

incorporatepartofthetreatmentofsuchliquidsorslurriesastheflowpassesfromthe
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underpressure.Byprocessitisunderstoodthatmaterialscanbemodifiedaloneby 

meansofheatpressureand/ortheadditionofchemicalsormixedunderpressure, 

heatedchemicallyreactedbymeansofcombiningtwoormorecomponents 

(simultaneouslyorthroughsubsequentaddition),bytheadditionofchemicalcomponents 

suchasacidsbasesbleachingcomponentsdyesandthelike. Examplesofsuch 

componentsincludeplasticsplantmaterialsfoodstuffspolymerspolyurethanesandthe 

like.  

[00047] Inoneaspectaslurryofmaterialscanincludepretreatedbiomassorpartially

hydrolyzedbiomass.Thisarrangementcanbeusedtoobtainaconstantvelocityand 

pressureasmaterialismovedthroughapassagewaysuchasatubeorpipe.Wateror 

steamcanbeaddedtoincreaseandmaintainaconstantpressureinthepassagewayby 

meansofanintercalaryplugandthevalveassemblyattheoutput.Thesectionbetween 

theplugandthroughthevalveassemblyisthereactionzonewhereinmodificationstothe 

materialsoccur.Thiszoneincludestheflashingofmaterialsthroughtheendofthevalve 

needle.  

[00048] Inoneembodimentanextruderandvalveassemblycanbeusedtoprocess 

materials.Extrudersmoveliquids, slurriessolidandviscousmaterialsthroughabarrel 

bymeansofscrewelements.Dependingontheshapeoftheelementsmaterialsmaybe 

slowedmixedorpushedthroughthebarrel.Theextrudercanbeasinglescrewextruder, 

atwin-screwextruderoratriple-screwextruder.Preferablyforbiomassmaterialsa 

theadditionofveryhighquantitiesofsteamforincreasedpressuremakeitpossibletopretreat 

biomassathighvelocities.ArapidextruderpretreatmentsystemsuchasdescribedinUS 

2016/0273009AlorW02018/151833(Al),eachincorporatedhereinbyreferenceinits 

entiretyoffersauniquepathwayforthedeconstructionofbiomassandreleaseofcellulose 

andligninfromotherbiomasscomponents.Thecombinationofmechanicalfibrillationdilute 

hydrolysisandsteamexplosionallaccomplishedinunder20secondsyieldsavery 

cleanslurryofsolublesugarsmicrocrystallinecelluloseandlignin.Theshortyetintense, 

treatmentdurationyieldsauniquecellulosehemicelluloseandligninproductsthathavebeen 

renderedintoahighlyreactivestateswithouttheovercookingorsulfonationthatoccursin 

mostotherprocesses.  

[00049] Restrictionandreliefdevicesforliquidsandmaterialsmovingthroughpipesor 

barrelshavebeenproposedinthepast.Severalofthesehaveinvolvedintercalaryvalvesin 
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twin-screwextruderisused.Extrudershavingspeciallyconfiguresscrewsdesignedtopermit
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anextruderbarrelitselfOnesuchdevicedescribedinUS2007/0237022A1isamid-barrel 

adjustablevalveassembly.Othersareendvalvessuchasthosefoundin 

US2009/0053800A1,W02010/056940A2,orUS1O,344,757B1.Noneofthesefunctionas 

apartofthetreatmentsystemandarenotcapableofhighvelocitycontinuousprocessing.  
C C C 

[00050] Extrusionmaybecontinuousorsemi~conunuousandtheprocesscanbedonewith 
thematerialhotorcold.Commonlyextrudedmaterialst includemetals, -I I.q~ 

polymers~ceramics 
cOt'Ici~etCVmodellingclayand :5 

IOOdS{U.IIS~howeverbiomasscanbeprocessedinanextruderas 

well.Extruclerscanhaveoneormoreshafts.Atwirvscrewextruderpisamachinehavingtwoco
'I S 'I 

penetratirigandse1f~c1eaningidenticalscrewswhicharernountedonshaftsandrotateinthe 

C 
A samedirectioninafixedclosedhousingcalled"barrel".Thetwin-~screxvextruderscanoperate 

a 

continuouslywithveryshoriresidencetimesunderhightemperaturesandpressures.  
[00051] Inoneembodimentanacidheatandexplosionpretreatmentprocesstoextract 

:5 

biomasscomponentsisarapidtreatmentprocessthatincludessteamexplosion.Thetreatment 

iscarriedoutasreduced-sizeparticlesofbiomassaretreatedtopressurizedacidhydrolysis 

andhightemperaturesthroughsteam:5 thensubjectedtosteamexplosion.Becausethewhole 

processisuniformthroughoutandonlytakessecondsitrequiresaneffectiveandrapidly 

movingvalvesystemtomaintainpressuresforcontinuousprocessing.  

[00052] Inprocessingbiomasssteamisinjectedintothebarreltoincreasetemperatureand 

pressure.Inoneembodimentthescrewelementsalsofunctiontoslowdowntheflowof 

materialstoformanintercalaryplugthatfunctionstosealmaterialsinthebarrelafterinput 

andfurtherbuildpressurewithinthebarrel.Seee.g.,U.S.applicationNo.15/932,340, 

[00053] Theexampleofthevalveassemblyisnotmeanttobelimitingtoanextruderbutis 
providedasanillustrationofdemonstratingitsfunctionalvalue.Inthissystemonefunctional 

:5 

embodimentofthepressurevalveassemblyistohelpinitiateandmaintainconstantpressurein 

theextruderandthroughthevalvebody.Thisisthereactionzonethroughwhichmuchofthe 

treatmentofthebiomasstakesplace.Theintercalaryplugintheextruderfacilitatesslowdown 

throughtheuseofparticularscrewsandsteamisusedtobuildthepressureinthereactionzone.  

Anactuatorsetsthepressureonthevalveneedletokeeptherequiredpressureintheextruder 
andwithinthevalvebody.ifaVaIX'C.3 coupledtoanactuator a 4.  

operatinginresponsetothe 

internalpressureattheendofthepipeorbarrelinsteadofamanual.or 9 p 

.3vrecisecontimucusJTlOvCTflCfltS 4:' 

1.SpossiNu.  

[00054] Preferablytheactuatorisahydraulicorpneumaticactuatorsuchasthose 

manufacturedbyKyntronics(Solon:5 OH44139,U.S.A.).Theactuatorkeepsthevalveneedle 

14 

incorporatedhereinbyreference.
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movinginandoutendlesslyandquicklywithverysmallmovementsalongthelongitudinal 

axis.Theactualforcetheneedlevalvemustmaintainforbiomassinthereactionzoneofthe 

bodyoftheextruderbarrelcanrangefrom1,800lbfto82,000lbfandmuchhigher(over 

500,000lbf). Constantforceisachievedbycontrollingtheannularspacethroughwhich 

treatedbiomassmaterialorliquidflows.Anactuatorsystemtakesanelectricalsignaldirectly 

totheactuationmechanism.Itissettoworkataparticularpressureandreacttotheforce 

exertedbythematerialflowingoutofthetubeorextruder.  

[00055] Inoneaspectbecausethereactionzoneencompassestheareabetweentheplug, 

throughthevalvebodyandthesteamexplosionareaasliquidorslurryflashesoutsidethe 

annularring(theinterfacebetweentheannularanddischargering-seeinfra),ashorter 

reactionzonelengthisrequiredinthetubeorpipe.Intheexampleofbiomassprocessingin 

anextruderthisshortensthelengthoftheextruderreactionzoneandreducesthecostofthe 

metallurgynecessaryforextniderprocessing.  

[00056] InoneexampleofapressurevalveassemblyasshowninFIG.1,thevalvehas 

avalvebody10fittedwithaconicalvalveneedle11andahousing12fittedwitha 

dischargepipe13.Thevalvebodyandneedlecanbemadeofanymaterialthatcan 

withstandthewearandtearofliquidsorslurriesofdifferentchemicalspassingthrough 

fromupstreaminput30throughthevalvebodyandhousingtothedischargepipe13,but 

itisconstructedofaninertmetalormetalwithaninertcoating.Thevalveneedleis 

attachedtoashaft14.Thevalvebody10asshowninalongitudinalsectioninFIG.2 

hasacylindrical-shapedsection15,anintercalaiyconicalsection16,andanother 

valvebodyincludesanannular(wear)ring19atSitswidestpart.Itsitsintoarecessed 

cavityinthevalvebodysection15.Theannularring19internalsurfacealignswiththe 

restofthevalvebody10andfunctionsasawearpartthatcanbereplaced.Theannular 

ring19sitsinsidethereactionzoneofthevalveandextendstotheminimumannular 

space21(seeFIG.7A)afterwhichtheflashtoatmosphere(steamexplosion)occurs.  

[00057] Thetapereddischargering20sitsoutsidethevalvebody10inthehousing12 

andisnotapartofthereactionzone.Itisameanstoensureliquidsorslurryare 

channeledtothedischargepipe13andintotheflashtank(notshown).Itisalsomadea 

wearpartsothatitiseasilychanged.Thetaperonthedischargering20(seeFigs.3Aand 

3B)avoidsarightangleconnectiontothevalvebodythatcouldresultinmaterialbuildup 

andinterferewithmovementofsubstancesflowingfromtheneedletiptotheoutput.  

[00058] FIGS.3Aand3Barelongitudinalsectionsofthetopandsideview 

respectivelyofthevalveanditshousing.Materialsflowupstreamunderpressurefroma 

15 

generallycylindrical-shapedcollar17ofsmallerdiameterthanthefirstsection15.The
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tubebarrelorpipe(FLUIDFORCE)intosection17throughthevalvebodyandare 

dischargeddownstreamintothehousing12.Forcefromtheactuatorisappliedtothe 

valveneedlethroughtheshaft14.  

[00059] Thereisanannularspace21betweenthevalvebody10andthevalveneedle 

11.Thereisalsoa70oe inthediameterofthecavity22ofthehousing12where 

dischargedliquidorslurries(materials)arereceivedascomparedtotheinternaldiameter 

ofthevalvebody10wherematerialsflashout.  

[00060] Inoperationdifferentialpressureactingonthevalveneedle11causesthe 

valveneedle11tobedisplacedalongitslongitudinalaxis75.Thepressurebehindthe 

valveshaft14causesthevalvetoseatintothevalvebodysection15justbeforethe 

widestendoftheneedle11.  

[00061] Thewidestpartoftheneedlevalve11isslightlylargerthanthewidestpartof 

thevalvebody10sothatitseatsinthevalvebodysection15attheannularring19when 

closed.Inoneembodimentthediameterofthewideendoftheneedleisatleast400 

largerthanthediameterofthevalvebodyatthedischargeend.Inoneembodimentthe 

diameterofthewideendoftheneedleisabout40olargerthanthediameterofthevalve 

bodyatthedischargeend.Inoneembodimentthediameterofthewideendoftheneedle 

is416mmwhilethediameteratthedischargeendofthevalvebodyis400mm.Itcanbe 

madelargerorsmaller.Inoneembodimenttheconeistapered45degreesfromits 

widestdiametertotheneedletip18.Inotherembodimentsthetaperoftheconecan 

rangefrom45degreesto75degrees.Thismeasurementwillbebasedonmaterials, 

needlevalve.  

[00062] Thecollar17isthemeansbywhichthepressurereliefvalveisconnectedtoan 

extruderorothertube.Whenthevalveisfullyseatedandanextruderisattachedthe 

valveneedletip18extendsjusttothebeginningofthecollarattheendoftheconical 

section16andthereisaspacebetweenthetipoftheneedleandthedischargeendofthe 

pipeorextnider35andtheendofanyscrews38.Intheprocessofpretreatingbiomassin 

anextruderwaterisinjectedthroughinjectionnozzles36inthecollar17afterthe 

materialsleavetheextruderbutbeforetheyreachthevalveneedletip18(seeFIGS.4 

and5).Thewaterisusedtothinthematerialimproverheologythroughsteamexplosion 

andthereforereducestorqueontheextrudertopushthroughthevalve.Withprocessing, 

materialsespeciallyslurriesdonotoftenflowbutsurgeabitastheyareprocessed 

throughapipeorbarrel.Theflowatexitisturbulentandasitmixeswiththewaterit 

smoothsintoalaminarflowtravelingdownstreaminthespaceofthevalve21. Any 
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liquidcanbeaddedjustpnortooutputfromthetubetofacilitatetheflowofmaterials 
throughthevalvesystemand/ortofurtherprocessmaterials.Inoneembodiment, liquids 

suchaswateracidbasesalcoholssolventsaldehydesketonesandthelikecanbeused 

forthispurpose.  

[00063] Intheclosingpositionofthevalvethevalveneedletip18comestorestinthe 

innerspaceofthevalvebody10andaboutattheinterfaceoftheintercalaryconical 

section16andsmallercylindrical-shapedcollar17. SeeFig.5.Thevalveneedletip18 

isabout3-6mmdownstreamofliquidinjection.  

[00064] FIG.6isacrosssectiondiagramofthevalvebody10withoutthevalveneedle 

18lookingtowardsthedischargeendofanextruderwithtwinscrews38.Theinput 

nozzles36ejectliquidintothecollar17aftermaterialsexittheextruder.  

[00065] FIG.7Aisacrosssectiondiagramofthesealbetweentheconicalneedle11 

andtheconicalvalvebody15attheannularring19.Atthispointthepressurebehind 

thevalveshaft14isequaltoorgreaterthanthepressureofthefluidsand/ormaterials 

flowingoutofthepipeandservestostoptheflow.FIG.7Bdepictsthemovementofthe 

valveneedle11whenthepressureinsidethepipeincreasesandthevalveneedle11 

movesapproximately0.5mmtowardsthehousing.Thevalveneedle11isseparatedfrom 

itsseatedpositionintheannularring19sothatthefluidsand/ormaterialscanflow 

aroundthevalveneedle11throughthepassageway(space)21towardsthedischargearea 

22(showninFIG.3).Anincreaseinpressurefromthepiperesultsinfurthermovement 

ofthevalveneedle11towardsthedischargeareawidensthegapbetweentheneedleand 

theannularS 19, a flow and/or S movement 

1.0mm(FIG.7CJand1.5mm(FIG.7D).  

[00066] Inoperationthevalveneedle18movesinandoutseveraltimespersecondto 

maintainthesetpointpressurerequiredandthereforemovesbetweenfullyclosedand 

allowingamaximumannularspaceof2mm.Thehydraulicactuatorattachedtothevalve 

needlekeepsthevalveneedlemovinginandoutendlesslyveryquicklyandwithverysmall 

movementsalongthelongitudinalaxis.  

[00067] Thepassagewayoffersauniqueopportunitytoextendthereactionzonebeyondthe 

endoftheextruderbarrel.Insomeembodimentsthereactionzoneisextendedbyan 

extensionchamberotherthanthepassagewayofthevalveassemblydisclosed S For 

instancetheextensioncompartmentisformedbyavesseloratubethatisattachedtothe 

outputendoftheextruder.Processingiscontinuousthroughtheextruderandthepassageway 

21andthevolumeofthespace21hastobetakenintoconsiderationwhenmeasuring 

pretreatmenttimes.Thebarrelsectionsoftheextruderandmanifoldandinjectionassemblies 
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aredesignedsotheycanberepositionedand/orflippedaround.Thusifachangeofreaction 

zonelengthisrequiredforexamplethesteaminjectionandacidinjectionportscanbemoved 

sothattheinjectionofsteamandacidisaccomplishedfurtherdownstreamtowardstheendof 

theextruderbarrelshorteningtheperiodoftimematerialsarepretreatedintheextnider 

sectionbutmaintainingthesamevolumeofspaceinthepassageway21. Thisresultsinless 

wearandtearonexpensiveextnidersectionsandcoatingsreducingthecostofpretreatment 

overall.  

[00068] Inanotherembodimentincreasingthevolumespaceofthepassagewayby 

increasingthesizeofthevalveassemblywouldresultinlengtheningofthepretreatment 

periodwithoutincreasingwearandtearontheextnider.Inafurtherembodimentifalonger 

steamperiodwasrequiredwithashorteracidtreatmenttheacidbarrelcanbemoved 

downstreamtherebyincreasingthetimeincontactwiththesteamandtheoreticallyreducing 

theamountofacidrequiredvshavingtheacidfurtherdownstream.Similarlyifthereistoo 

longacontacttimewithacidatreactiontemperaturessuchthatinhibitorsaregeneratedthe 

acidbarrelcanbemoveddownstreamand/oraddedlaterinthepassageway21,thereby 

generatingfewerinhibitors.  

[00069] Dependingonthesizeoftheextrudersystemstablecontinuousbiomass 

pretreatmentoperationshavebeencarriedoutwitha30mmvalvea63mmvalvea98mm 

valveanda400mmvalve.Inotherembodimentsvalvesof500-600mmandlargercanbe 

used.  

[00070] Thissystemcomprisedoftheinjectorstogetherwiththebarrelsandtheendvalve 

possibilitiesandthedurationofpretreatment.Thevelocityofmaterialsmovingthroughand 

flashingoutofthevalveiskeptconstantsothatasthesizeofthevalveisincreasedresidence 

timeofthematerialsinthespace21increases.  

[00071] Fromtheaboveexamplesitisapparenttooneskilledintheartthatamultitudeof 

combinationsofbarrelsectionscombinedwithdifferentvolumesofthepassageway21canbe 

attainedtomaximizetheefficiencyofbiomasspretreatmentwhileminimizingthecostsof 

pretreatment.Temperaturesandchemicalscanvaryasthevelocityofmaterialsmoving 

throughthesystemismaintained.  

[00072] Undercertaincircumstancesitisdesirabletohaveacontinuousprocessingof 

materialsliquidsorbothunderaconstantpressure.Forexamplethepretreatmentof 

biomassisuneconomicalinbatches.Itistime-consumingandwastesmaterials.The 

problemishowtokeepaconstantprecisepressureduringtreatmentwhilemoving 

substancesthroughapipeorbarrelanddischargingpressurizedmaterialstoatmospheric 
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pressuresimultaneously.Furtheritisdifficulttodothiswhenworkingwithslurries 

becausethenatureoftheheterogeneousmixturecancausepulsing.  

[00073] Thevalvedescribedhereincanbeusedathighvelocities.Forexample, 

continuousbiomassprocessingasmeasuredattheannularring19is185-190mIsata0.5 

mmstroke.Potentialrangesareabout90mIsto250mIs.Inotherembodimentsvelocities 

of95mis,100mIs,110mIs,120mIs,130mIs,140mIs,150mIs,160mIs,170mIs,180 

mis,190mIs,200mIs,210mIs,220mIs,230mIs240mIsandhigherarepossible.  

[00074] Therateofbiomassmaterialsmovingthroughthesystemhasbeenestablished 

from55kg/hrfora30mmvalvetoover96DMT/dayfora400mmvalve.Higherrates 

canbeachievedforlargervalves.  

[00075] Insomeembodimentstheliquidorslurryistreatedforlessthan60,55,50,45, 

40,35,30,25,20,19,18,17,16,15,14,13,12,10,9,8,7,6,5,4,3,2,or1secondsinthe 

reactionzone.Insomeembodimentsbiomasse treatedforaboutSto15secondsinthe 

reactionzoneinlargersystemsthebiomassistreatedfor30secondsorlessoristreated 

for60secondsorless.  

[00076] Inanotherembodimentaliquidorslurrycanbetreatedatanelevatedpressure.  

Inoneembodimentbiomassispretreatedatapressurerangeofaboutipsitoabout S 

3 0 p51.In 
anotherembodimentbiomassispretreatedatapressureoraboutSOpsilOOpsiiSOpsi 

S S S S S S 

200psi,2SOpsi,300psi, 3 5 0 p51,4 0 0 p51,4 5 0 p51,SOOpsiSSOpsi,600psi,6SOpsi,700psi 
S 

7SOpsi,800psiormoreupto900psi.Insomeembodimentsbiomasscanbetreatedwith 

elevatedpressuresbytheinjectionofsteamintoabiomasscontainingvessel.Inone 

alkalineoracidtreatmentoranyothertreatmentmethodsprovidedherein.  

ExemplaryEmbodiments 

Embodiment. Asystemfortreatingbiomassthroughanextruderandavalveassembly 

comprising: 

(a)anextrudercomprisingoneormorescrewswhereinaninternalplugofbiomassis 
formedduetoactionofthescrewstherebyformingoneendofapressurized 

S 

reactionzone, 

(b)amethodofsupplyingsteamandoneormorechemicalstothereactionzone 
(c)avalveassemblyattachedattheoutputendoftheextruderthatformsthe 

downstreamendofthereactionzoneandaddsaliquidtothereactionzoneand 

(ci)saidvalveassemblycapableofrapidlydischargingpressurizedtreatedbiomassinto 

anon-pressurizeddischargearea.  
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Embodiment2.ThesystemofEmbodiment1whereinthebiomassisselectedfromthe 
e 

groupconsistingofsilageaguculturalresiduescomstoverbagassesorghumnutsnut 
S 

shellscoconutshellsDistillersDriedSolublesDistillersDriedGrainsCondensed 

DistillersSolublesDistillersWetGrainsDistillersDriedGrainswithSolubleswoody 

materialssawdustwoodchipswoodpelletstimberslashmillscrapmunicipalwaste, 

wastepaperrecycledtoiletpapersyardclippingsandenergycropssuchaspoplars, 

willowsswitchgrassalfalfaandprairiebluestemnon-woodyplantmattercellulosic 

materiallignocellulosicmaterialhemicellulosicmaterialcarbohydratescornsugarcane 

grasseshighbiomasssorghumbamboocorncobsandpeelsandpits.  

Embodiment3.ThesystemofEmbodiment1whereinthebiomassistreatedforlessthan 

60,55,50,45,40,35,30,25,20,19,18,17,16,15,14,13,12,10,9,8,7,6,5,4,3,2,or1 

secondinthereactionzone.  

Embodiment4.ThesystemofEmbodiment1whereinthetemperatureinthereactionzone 

iselevatedto50-500 0 C,75-4000 C,100-3500 C,150-3000 C,200-2500 Cor150-3000 Candthe 

pressureiselevatedto50-1000PSI,100-750PSI,200-600PSI,300-500PSIor350-450PSI.  

Embodiment. ThesystemofEmbodiment1, whereinonechemicalisanacid.  

Embodiment6.ThesystemofEmbodiment1,whereintheacidissulfuricacid.  

Embodiment7.ThesystemofEmbodiment1,whereinthevalveassemblycomprises: 

Embodiment8.Ahousing; 

(a)avalvebodycomprising: 
S S 

1. alargecircularsections 
S S 

iii. asmallercircularcollarcontainingoneormorenozzlesforliquid 

input;and 

(b)avalveneedle.  
Embodiment9.ThevalveassemblyofEmbodiment7whereinthereisaspacebetweenthe 

valvebodyandthevalveneedlewhenthevalveneedleisseated.  

Embodiment10.ThevalveassemblyofEmbodiment7whereinthenozzlesforliquidinput 

transferwaterintothespacebetweenthevalvebodyandthevalveneedle.  

Embodiment11. ThevalveassemblyofEmbodiment7whereinthenozzlesforliquidinput 

transferaliquidotherthanwaterintothespacebetweenthevalvebodyandthevalveneedle.  

Embodiment12.ThenozzlesofEmbodiment10,whereintheliquidisselectedfromthegroup 

consistingofanacidabaseanalcoholaketoneanaldehydeasolventoracombination 

thereof 

Embodiment13. Amethodfortreatingaslunyorliquidinapipeorbarrelattachedtoavalve 
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assemblythemethodcomprising: 

a. saidpipeorbarrelhavingaplugformingoneendofareactionzone 

b. conveyingaliquidorslurrythroughthepipeorbarrel; 

cx havingavalveassemblyattachedtotheoutputendofthepipeorbarrelforming 

thedownstreamendofthereactionzonewhilemaintainingpressureinthe 

reactionzonethroughtheinputofsteam9 

d. addingasubstanceintotheupstreamendofthevalveassemblyastheliquidor 

slurryentersthevalveassembly:and 

e. usingthevalveassemblytodischargethetreatedliquidorslurryintoanon

pressurizedarea.  

Embodiment14.ThemethodofEmbodiment12,whereintheliquidorslurrycomprisesbiomass.  

Embodiment15.ThemethodofEmbodiment13,whereinthebiomassisselectedfromthe 
e 

groupconsistingofsilageaguculturalresiduescornstoverbagassesorghumnutsnut 
S 

shellscoconutshellsDistillersDriedSolublesDistillersDriedGrainsCondensed 

DistillersSolublesDistillersWetGrainsDistillersDriedGrainswithSolubleswoody 

materialssawdustwoodchipswoodpelletstimberslashmillscrapmunicipalwaste, 

wastepaperrecycledtoiletpapersyardclippingsandenergycropssuchaspoplars, 

willowsswitchgrassalfalfaandprairiebluestemnon-woodyplantmattercellulosic 

materiallignocellulosicmaterialhemicellulosicmaterialcarbohydratescornsugarcane 

grasseshighbiomasssorghumbamboocorncobsandpeelsandpits.  

Embodiment16.ThemethodofEmbodiment14,whereinthebiomassistreatedforlessthan 

secondsinthereactionzone.  

Embodiment17.ThemethodofEmbodiment14whereinthetemperatureinthereaction 

zoneiselevatedto50-500 0 C,75-4000 C,100-3500 C,150-3000 C,200-2500 Cor150-3000 C, 

andthepressureiselevatedto50-1000PSI,100-750PSI,200-600PSI,300-500PSIor350-450 

PSI.  

Embodiment18.ThemethodofEmbodiment14,whereinthesubstanceisanacid.  

Embodiment19.ThemethodofEmbodiment14,whereintheacidissulfuricacid.  

Embodiment20.Asystemtoextendareactionzonedownstreamofanextrudercomprising: 

(a)anextrudercomprisingareactionzonesectionwhereinsaidextruderreaction 
zonesectionisattachedtoadownstreamvalveassemblycomprisinganadjacent 
S 

innerspace; 
(b)whereinthereactionzonesectionintheextnideriscombinedwiththeadjacent 

innerspaceofthevalveassemblytoextendthereactionzonedownstreamofthe 
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extruder.  

Embodiment21. ThesystemofEmbodiment19,whereinthevelocityofthematerials 

movingthroughthereactionzonesectionoftheextruderiskeptconstantwiththevelocity 

ofthematerialsmovingthroughthevalveassembly.  

Embodiment22.ThevalveassemblyofEmbodiment19,whereinanannulare 
ringispartof 

thevalvebody.  

Embodiment23. ThevalveassemblyofEmbodiment19,whereintheannularringis 

replaceable.  

Embodiment24.ThevalveassemblyofEmbodiment19,whereinthevalvebodycontains 

nozzlesfortheinputofaliquid.  

Embodiment25.ThevalveassemblyofEmbodiment19,whereinavalveneedleseatswhen 

closedinthevalvebodyatadischargeSring.  

Embodiment26.ThevalveassemblyofEmbodiment24,whereinthevalveneedleisattached 

toanactuator.  

Embodiment27.TheactuatorofEmbodiment25whereintheactuatormaintainsapressure 

onthevalveneedle.  

Embodiment28.TheactuatorofEmbodiment25whereintheactuatormaintainsapressure 

ofover1,800lbfonthevalveneedle.  

Embodiment29.TheactuatorofEmbodiment25whereintheactuatormaintainsapressure 

ofbetween50,000to500,000lbfonthevalveneedle.  

Embodiment30.TheextniderofEmbodiment19,whereintheextruderisatwinscrew 

Embodiment31. TheextruderofEmbodiment19,whereintheextruderhasportsforadding 

steamand/oracid.  

Embodiment32.Amethodtoextendareactionzonedownstreamofanextrudercomprising.  

(a)processingbiomassinareactionzonewhereinthereactionzoneextendsfroman 
extruderintoanattacheddownstreamvalveassembly.  

Embodiment33.ThemethodofEmbodiment31,whereinthevalveassemblycomprises: 
housing, 

(a) 0 

(b)avalvebodycomprising: 

iv. alargeS sections 

v. amiddleconicalsection, 

vi. asmallercircularcollarcontainingoneormorenozzlesforliquid 

input;and 

(c)avalveneedle.  
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Embodiment34.ThevalveassemblyofEmbodiment32,whereinthehousingcontainsa 

removabledischargering.  

Embodiment35. ThevalveassemblyofEmbodiment33, whereinthedischargeringistapered.  

Embodiment36.ThevalveassemblyofEmbodiment32,whereinthevalvebodycontainsan 

annularring.  

Embodiment37.ThevalveassemblyofEmbodiment35,whereintheannularringisremovable.  

Embodiment38.ThevalveassemblyofEmbodiment32,whereinthereisaspacebetweenthe 

valvebodyandthevalveneedlewhenthevalveneedleisseated.  

Embodiment39.ThevalveassemblyofEmbodiment32,whereinthenozzlesforliquidinput 

transferwaterintothespacebetweenthevalvebodyandthevalveneedle.  

Embodiment40.ThevalveassemblyofEmbodiment38,whereinthenozzlesforliquidinput 

transferaliquidotherthanwaterintothespacebetweenthevalvebodyandthevalveneedle.  

Embodiment41.ThenozzlesofEmbodiment39,whereintheliquidisselectedfromthegroup 

consistingofanacidabaseanalcoholaketoneanaldehydeasolventoracombination 

thereof 

Embodiment42.ThemethodofEmbodiment31,whereinsteamandoneormorechemicalsare 

addedtothereactionzoneoftheextnider.  

Embodiment43. ThemethodofEmbodiment31, whereinthetemperatureinthereactionzone 

iselevatedto50-500 0 C,75-4000 C,100-3500 C,150-3000 C,200-2500 Cor150-3000 Candthe 

pressureiselevatedto50-1000PSI,100-750PSI,200-600PSI,300-500PSIor350-450PSI.  

Embodiment44.ThemethodofEmbodiment41,whereintheliquidisanacid.  

Embodiment46.ThemethodofEmbodiment31,whereinthevelocityiskeptconstant 

throughoutthereactionzone.  

Embodiment47.Amethodofprocessingbiomasscomprising: 

(a)conveyingbiomassthroughanextruderwhereintheextruderisdividedintotwo 
zonesaninputzoneandareactionzoneseparatedbyabiomassplugformed 

downstreamoftheinputzoneandupstreamfromthereactionzone 

(b)addingsteamand/orachemicaltobiomassinthereactionzonetopartiallytreat 
thebiomass, 

(c)conveyingthepartially-treatedbiomassintoanattachedvalveassemblyfora 
timetocontinuetreatmentand 

(d)dischargingthebiomassthroughthevalveassembly.  

Embodiment48.ThemethodofEmbodiment46,whereinthevelocityofthebiomassbeing 
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conveyedisthesameintheextruderandinthevalveassembly.  

Embodiment49.ThemethodofEmbodiment46,whereinthetemperatureinthereactionzone 

iselevatedto50-500 0 C,75-4000 C,100-3500 C,150-3000 C,200-2500 Cor150-3000 Candthe 

pressureiselevatedto50-1000PSI,100-750PSI,200-600PSI,300-500PSIor350-450PSI.  

Embodiment50.ThemethodofEmbodiment46,whereinthebiomassisselectedfromthe 
S 

groupconsistingofsilageagriculturalresiduescomstoverbagassesorghumnutsnut 
S 

shellscoconutshellsDistillersDriedSolublesDistillersDriedGrainsCondensed 

DistillersSolublesDistillersWetGrainsDistillersDriedGrainswithSolubleswoody 

materialssawdustwoodchipswoodpelletstimberslashmillscrapmunicipalwaste, 

wastepaperrecycledtoiletpapersyardclippingsandenergycropssuchaspoplars, 

willowsswitchgrassalfalfaandprairiebluestemnon-woodyplantmattercellulosic 

materiallignocellulosicmaterialhemicellulosicmaterialcarbohydratescornsugarcane 

grasseshighbiomasssorghumbamboocorncobsandpeelsandpits.  

Embodiment51.ThemethodofEmbodiment46,whereinthebiomassistreatedforlessthan 

60,55,50,45,40,35,30,25,20,19,18,17,16,15,14,13,12,10,9,8,7,6,5,4,3,2,or1 

secondinthereactionzone.  

Embodiment52.ThemethodofEmbodiment46,whereinthechemicalisselectedfromthe 

groupconsistingofanacidabaseanalcoholaketoneanaldehydeasolventora 

combinationthereof 

[1]Asystemforpretreatingabiomasscomprising: 

isformedduetoactionoftheoneormorescrewstherebyforminganupstreamendofa 

pressurizedreactionzoneforpretreatmentofthebiomass~and 

(b)avalveassemblyattachedatanoutputendoftheextruderwhereinthevalve 
S 

assemblyformsadownstreamendofthereactionzoneandaddsaliquidtothereaction 

zone.  

[2]Thesystemofparagraph[1],whereinthebiomassisselectedfromthegroupconsisting 
ofsilage, S 

agriculturalresiduescomstoverbagassesorghumnutsnutshellscoconut 

shellsDistillersDriedSolublesDistillersDriedGrainsCondensedDistillersSolubles 

DistillersWetGrainsDistillersDriedGrainswithSolubleswoodymaterialssawdust 

woodchipswoodpelletstimberslashmillscrapmunicipalwastewastepaper, 

recycledtoiletpapersyardclippingsandenergycropssuchaspoplarswillows 
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switchgrassalfalfaandprairiebluestemnon-woodyplantmattercellulosicmaterial, 

lignocellulosicmaterialhemicellulosicmaterialcarbohydratescornsugarcane, 

grasseshighbiomasssorghumbamboocorncobsandpeelsandpits.  

L~]Thesystemofparagraph[1]or[2],whereinthebiomassistreatedforlessthan60,55, 
50,45,40,35,30,25,20,19,18,17,16,15,14,13,12,10,9,8,7,6,5,4,3,2,or1 

secondinthereactionzone.  

[4]Thesystemofanyoneofparagraphs[1]-[3],whereintemperatureinthereactionzoneis 

elevatedto50-500 0 C,75-4000 C,100-3500 C,150-3000 C,200-2500 Cor150-3000 Cand 

pressureinthereactionzoneiselevatedto50-1000PSI,100-750PSI,200-600PSI,300-500 

PSIor350-450PSI.  

L~]Thesystemofanyoneofparagraphs[1]-[4],whereinthesystemfurthercomprisesamean 
forsupplyingsteamandoneormorechemicalstothereactionzone.  

E6JThesystemofparagraph[5],whereintheoneormorechemicalscompriseanacid.  

[7]Thesystemofparagraph[6],whereintheacidissulfuricacid.  

L8]Thesystemofanyoneofparagraphs[1]-[7],whereinthevalveassemblycomprises: 
S 

avalvebodycomprisingalargecircularsectionanintercalaryconicalsectionanda 

smallcircularcollarcontainingoneormorenozzlesforliquidinputthevalvebody 

havingachamberformedthereinthatconnectsaninputendandadischargeendofthe 

valvebodywhereinthesmallcircularcollarissmallerininnerdiameterthanthelarge 

avalveneedleaxiallydisplaceablewithinthechamberofthevalvebody;and 

ahousingattachedtothedischargeendofthevalvebodyandenclosingthevalve 

needlewhenthevalveneedleisdisengagedwiththevalvebody.  

[9]Thesystemofparagraph[8],whereinthehousingcontainsaremovabledischargering.  

L1O] Thesystemofparagraph[9],whereinthedischargeringistapered.  

[11] Thesystemofanyoneofparagraphs[8]-[10],whereinthevalvebodycontainsan 

annularring.  

[12] Thesystemofparagraph[11],whereintheannularringisremovable.  

[13] Thesystemofanyoneofparagraphs[8]-[12],whereinthereisanannularspaceformed 

inthechamberbetweenthevalvebodyandthevalveneedlewhenthevalveneedleisclosed 

onthevalvebody.  
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[14] Thesystemofanyoneofparagraphs[8]-[13],whereinthenozzlesforliquidinput 

transferwaterintothechamber.  

[15] Thesystemofanyoneofparagraphs[8]-[14],whereinthenozzlesforliquidinput 

transferaliquidotherthanwaterintothechamber.  

Ii6] Thesystemofparagraph[15], whereintheliquidisselectedfromthegroupconsisting 

ofanacidabaseanalcoholaketoneanaldehydeasolventoracombination 

thereof 

E17J Thesystemofanyoneofparagraphs[8]-[16],whereinaninnerdiameterofthe 

housingatanendofthehousingabuttingthevalvebodyisatleast70olargerthanan 

innerdiameterofthevalvebodyatitsdischargeend.  

El8] Thesystemofanyoneofparagraphs[8]-[17],whereinaninnerdiameterofthe 

0 housingatanendofthehousingabuttingthevalvebodyisabout7olargerthananinner 

diameterofthevalvebodyatitsdischargeend.  

[19] Thesystemofanyoneofparagraphs[8]-[18],whereinthevalveneedlehasacone 

withawideendopposingtoitsconicaltip.  

[20] Thesystemofparagraph[19],whereintheconeistaperedinarangeoffrom45 

degreesto75degrees.  

[21] Thesystemofparagraph[19],whereintheconeistaperedabout45degrees.  

E22J Thesystemofanyoneofparagraphs[19]-[21],whereinthevalveneedlehasa 

bodyatitsdischargeend.  

[23] Thesystemofanyoneofparagraphs[19]-[22],whereinthevalveneedlehasa 

diameteratthewideendthatisabout40olargerthananinnerdiameterofthevalve 

bodyatitsdischargeend.  

[24] Thesystemofanyoneofparagraphs[1]-[23],whereintheextruderisatwinscrew 

extnider.  

[25] Thesystemofanyoneofparagraphs[1]-[24],whereintheextruderhasportsforadding 

steamand/oracid.  

[26] Asystemforpretreatingabiomasscomprising: 

(a)anextrudercomprisingoneormorescrewswhereinaninternalplugofthe 
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biomassisformedduetoactionoftheoneormorescrewsthereby S 

upstreamendofapressurizedreactionzoneforpretreatmentofthebiomassand 

(b)avalveassemblyaffachedatanoutputendoftheextruderwhereinthevalve 
assemblycomprises: 

avalvebodycomprisingalargecircularsectionanintercalaryconical 

sectionandasmallcircularcollarcontainingoneormorenozzlesforliquid 

inputthevalvebodyhavingachamberformedthereinthatconnectsaninputend 

andadischargeendofthevalvebodywhereinthesmallcircularcollarissmaller 

ininnerdiameterthanthelargecircularsection 

avalveneedleaxiallydisplaceablewithinthechamberofthevalvebody; 

and 

ahousingattachedtothedischargeendofthevalvebodyandenclosingthe 

valveneedlewhenthevalveneedleisdisengagedwiththevalvebody.  

[27] Thesystemofparagraph[26],whereinthebiomassisselectedfromthegroup 
consistingofsilageagriculturalresiduescomstoverbagassesorghumnutsnut 

, 

shellscoconutshellsDistillersDriedSolublesDistillersDriedGrainsCondensed 

DistillersSolublesDistillersWetGrainsDistillersDriedGrainswithSolubleswoody 

materialssawdustwoodchipswoodpelletstimberslashmillscrapmunicipalwaste 

wastepaperrecycledtoiletpapersyardclippingsandenergycropssuchaspoplars, 

willowsswitchgrassalfalfaandprairiebluestemnon-woodyplantmattercellulosic 

canegrasseshighbiomasssorghumbamboocorncobsandpeelsandpits.  

L28] Thesystemofparagraph[26]or[27],whereinthebiomassistreatedforlessthan60, 

55,50,45,40,35,30,25,20,19,18,17,16,15,14,13,12,10,9,8,7,6,5,4,3,2,or1 

secondinthereactionzone.  

[29] Thesystemofanyoneofparagraphs[26]-[28],whereinthetemperatureinthe 

reactionzoneiselevatedto50-500 0 C,75-4000 C,100-3500 C,150-3000 C,200-2500 Cor 

150-3000 Candthepressureiselevatedto50-1000PSI,100-750PSI,200-600PSI,300-500 

PSIor350-450PSI.  

L30] Thesystemofanyoneofparagraphs[26]-[29],whereinthechamberofthevalvebody 

formsadownstreampartofthepressurizedreactionzone.  

27 
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[311 Thesystemofanyoneofparagraphs[26]-[30],whereinthesystemfurthercomprisesa 

meanforsupplyingsteamandoneormorechemicalstothereactionzone.  

[32] Thesystemofparagraph[31],whereintheoneormorechemicalscompriseanacid.  

II~~] Thesystemofparagraph[32],whereintheacidissulfuricacid.  

[34] Thesystemofanyoneofparagraphs[26]-[33],whereinthehousingcontainsa 

removabledischargering.  

[35] Thesystemofparagraph[34],whereinthedischargeringistapered.  

[36] Thesystemofanyoneofparagraphs[26]-[35],whereinthevalvebodycontainsan 

annularring.  

[37] Thesystemofparagraph[36],whereintheannularringisremovable.  

[38] Thesystemofanyoneofparagraphs[26]-[37][29],whereinthereisanannularspace 

formedinthechamberbetweenthevalvebodyandthevalveneedlewhenthevalveneedleis 

closedonthevalvebody.  

L~~] Thesystemofanyoneofparagraphs[26]-[38][37],whereinthenozzlesforliquidinput 

transferwaterintothechamber.  

E4OJ Thesystemofanyoneofparagraphs[26]-[39],whereinthenozzlesforliquidinput 

transferaliquidotherthanwaterintothechamber.  

141J Thesystemofparagraph[40],whereintheliquidisselectedfromthegroupconsisting 

[42] Thesystemofanyoneofparagraphs[26]-[41][37],whereinaninnerdiameterofthe 

housingatanendofthehousingabuttingthevalvebodyisatleast70olargerthanan 

innerdiameterofthevalvebodyatitsdischargeend.  

L~~] Thesystemofanyoneofparagraphs[26]-[42],whereinaninnerdiameterofthe 
0 housingatanendofthehousingabuttingthevalvebodyisabout7olargerthananinner 

diameterofthevalvebodyatitsdischargeend.  

[44] Thesystemofanyoneofparagraphs[26]-[43],whereinthevalveneedlehasacone 

withawideendopposingtoitsconicaltip.  

[45] Thesystemofparagraph[44],whereintheconeistaperedinarangeoffrom45 

degreesto75degrees.  

28 

ofanacidabaseanalcoholaketoneanaldehydeasolventoracombinationthereof
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[46] Thesystemofparagraph[44],whereintheconeistaperedabout45degrees.  

[47] Thesystemofanyoneofparagraphs[44]-[46],whereinthevalveneedlehasa 

diameteratthewideendthatisatleast40olargerthananinnerdiameterofthevalve 

bodyatitsdischargeend.  

[48] Thesystemofanyoneofparagraphs[44]-[46],whereinthevalveneedlehasa 

diameteratthewideendthatisabout40olargerthananinnerdiameterofthevalve 

bodyatitsdischargeend.  

E~~J Thesystemofanyoneofparagraphs[26]-[48],whereintheextniderisatwinscrew 

extnider.  

E5OJ Thesystemofanyoneofparagraphs[26]-[49],whereintheextruderhasportsfor 

addingsteamand/oracid.  

[51] Amethodofpretreatingabiomassthroughthesystemofanyoneofparagraphs[1]

[50].  

4 [52] Amethodofpretreatingabiomassthemethodcomprising.  

(a)conveyingthebiomassthroughanextniderfromafeederzoneoftheextrudertoa 
reactionzoneoftheextruderwhereinthefeederzoneandthereactionzoneareseparatedby 

abiomassplugformeddownstreamoftheinputzoneandupstreamfromthereactionzone 

(b)addingsteamand/orachemicaltothebiomassinthereactionzonetopartiallytreatthe 

biomasw 

oftheextniderandtreatingthepartially-treatedbiomassinthevalveassembly;and 

(d)dischargingthebiomassthroughthevalveassembly.  

[53] Themethodofparagraph[52],whereinthebiomassisconveyedthroughtheextruderat 

avelocitysameasavelocityatwhichthebiomassisconveyedthroughthevalveassembly.  

S S 

L~~] Themethodofparagraph[52]or[53],whereintemperatureinthereactionzoneis 

elevatedto50-500 0 C,75-4000 C,100-3500 C,150-3000 C,200-2500 Cor150-3000 Cand 

pressureinthereactionzoneiselevatedto50-1000PSI,100-750PSI,200-600PSI,300

500PSIor350-450PSI.  

E~~J Themethodofanyoneofparagraphs[52]-[54],whereinthebiomassisselectedfrom 

thegroupconsistingofsilageagriculturalresiduescomstoverbagassesorghum 

nutsnutshellscoconutshellsDistillersDriedSolublesDistillersDriedGrains, 

29 

(c)conveyingthepartially-treatedbiomassintoavalveassemblyattachedtoanoutputend
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CondensedDistillersSolublesDistillersWetGrainsDistillersDriedGrainswith 

Solubleswoodymaterialssawdustwoodchipswoodpelletstimberslashmillscrap, 

municipalwastewastepaperrecycledtoiletpapersyardclippingsandenergycrops 

suchaspoplarswillowsswitchgrassalfalfaandprairiebluestemnon-woodyplant 

mattercellulosicmatedal, lignocellulosicmaterialhemicellulosicmaterial 

carbohydratescornsugarcanegrasseshighbiomasssorghumbamboocorncobsand 

peelsandpits.  

[56] Themethodofanyoneofparagraphs[52]-[55],whereinthebiomassistreatedforless 

than60,55,50,45,40,35,30,25,20,19,18,17,16,15,14,13,12,10,9,8,7,6,5,4, 

3,2,or1secondinthereactionzone.  

E~~J Themethodofanyoneofparagraphs[52]-[56],whereinthechemicalisselectedfrom 

thegroupconsistingofanacidabaseanalcoholaketoneanaldehydeasolventora 

combinationthereof 

[58] Themethodofanyoneofparagraphs[52]-[57],whereintheextrudercomprisesone 

ormorescrews.  

L~~] Themethodofparagraph[58],whereintheextrudercomprisestwoscrews.  

[60] Themethodofanyoneofparagraphs[52]-[59],whereinthevalveassemblycomprises: 
S 

avalvebodycomprisingalargecircularsectionanintercalaryconicalsectionanda 

smallcircularcollarcontainingoneormorenozzlesforliquidinputthevalvebody 

havingachamberformedthereinthatconnectsaninputendandadischargeendofthe 

circularsectiorn 

avalveneedleaxiallydisplaceablewithinthechamberofthevalvebody;and 

ahousingattachedtothedischargeendofthevalvebodyandenclosingthevalve 

needlewhenthevalveneedleisdisengagedwiththevalvebody.  

[61] Themethodofparagraph[60],whereinthehousingcontainsaremovabledischargering.  

[62] Themethodofparagraph[61],whereinthedischargeringistapered.  

[63] Themethodofanyoneofparagraphs[60]-[62][63],whereinthevalvebodycontainsan 

annularring.  

[64] Themethodofparagraph[63],whereintheannularringisremovable.  

[65] Themethodofanyoneofparagraphs[60]-[64],whereinthereisanannularspace 
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formedinthechamberbetweenthevalvebodyandthevalveneedlewhenthevalveneedleis 

closedonthevalvebody.  

[66] Themethodofanyoneofparagraphs[60]-[65],whereinthenozzlesforliquidinput 

transferwaterintothechamber.  

[67] Themethodofanyoneofparagraphs[60]-[66],whereinthenozzlesforliquidinput 

transferaliquidotherthanwaterintothechamber.  

[68] Themethodofparagraph[67],whereintheliquidisselectedfromthegroupconsisting 

ofanacidabaseanalcoholaketoneanaldehydeasolventoracombination 

thereof 

E69J Themethodofanyoneofparagraphs[60]-[68],whereinaninnerdiameterofthe 

housingatanendofthehousingabuttingthevalvebodyisatleast70olargerthanan 

innerdiameterofthevalvebodyatitsdischargeend.  

L70] Themethodofanyoneofparagraphs[60]-[69],whereinaninnerdiameterofthe 
0 housingatanendofthehousingabuttingthevalvebodyisabout7olargerthananinner 

diameterofthevalvebodyatitsdischargeend.  

[71] Themethodofanyoneofparagraphs[60]-[70],whereinthevalveneedlehasacone 

withawideendopposingtoitsconicaltip.  

[72] Thesystemofparagraph[71],whereintheconeistaperedinarangeoffrom45 

degreesto75degrees.  

E~~J Themethodofanyoneofparagraphs[71]-[73],whereinthevalveneedlehasa 
diameteratthewideendthatisatleast40olargerthananinnerdiameterofthevalve 

bodyatitsdischargeend.  

L~~] Themethodofanyoneofparagraphs[71]-[73],whereinthevalveneedlehasa 
diameteratthewideendthatisabout40olargerthananinnerdiameterofthevalve 

bodyatitsdischargeend.  

[76] Themethodofanyoneofparagraphs[52]-[75],whereinthetreatmentofthepartially

treatedbiomassinthevalveassemblycomprisessubjectingthepartially-treatedbiomass 

toanelevatedpressureand/ortemperaturesametothereactionzone.  

[77] Themethodofanyoneofparagraphs[52]-[76],whereinthetreatmentofthepartially
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[73] Themethodofparagraph[72],whereintheconeistaperedabout45degrees.
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treatedbiomassinthevalveassemblycomprisesaddingasubstanceatanupstreamend 

ofthevalveassemblytothepartially-treatedbiomass.  

[78] Themethodofparagraph[77],whereinthesubstancecomprisesanacid.  

[79] Themethodofparagraph[78],whereintheacidcomprisessulfuricacid.  

[80] Themethodofanyoneofparagraphs[52]-[79],whereintheextruderisatwinscrew 

extruder.  

[81] Themethodofanyoneofparagraphs[52]-[8O],whereintheextruderhasportsfor 

addingsteamand/oracid.  

4 [82] Amethodofpretreatingabiomassthemethodcomprising.  

(a)conveyingthebiomassthroughanextruderfromafeederzoneoftheextruder 
toareactionzoneoftheextruderwhereinthefeederzoneandthereactionzone 

areseparatedbyabiomassplugformeddownstreamoftheinputzoneand 

upstreamfromthereactionzone 4 

(b)addingsteamand/orachemicaltothebiomassinthereactionzonetopartially 

treatthebiomasw 

(c)conveyingthepartially-treatedbiomassintoanextensioncompartmentattached 
toanoutputendoftheextruderand 

(d)treatingthepartially-treatedbiomassintheextensioncompartmentthereby 

producingapretreatedbiomass.  

adownstreamendoftheextruderasthebiomassexitstheextruder.  

E84J Themethodofparagraph[82]or[83],whereintheextensioncompartmentisformedby 

atube.  

[85] Themethodofparagraph[82]or[83],whereintheextensioncompartmentisformedby 

vessel.  

[86] Themethodofparagraph[82]or[83],whereintheextensioncompartmentisformedby 

avalveassembly.  

[87] Themethodofanyoneofparagraphs[82]-[86],whereintheextensioncompartmentis 

capableofdischargingthepretreatedbiomassinacontinuousmanner.  

[88] Themethodofanyoneofparagraphs[82]-[86],whereintheextensioncompartmentis 

capableofdischargingthepretreatedbiomassinasemi-continuousmanner.  

32 

E83J Themethodofparagraph[82],whereinthemethodfurthercomprisingaddinganacidat
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[89] Themethodofanyoneofparagraphs[82]-[86],whereintheextensioncompartmentis 

capableofdischargingthepretreatedbiomassinbatches.  

[90] Themethodofanyoneofparagraphs[82]-[89],whereinthebiomassisconveyed 

throughtheextruderatavelocitysameasavelocityatwhichthepartially-treatedbiomassis 

conveyedthroughtheextensioncompartment.  

L91] Themethodofanyoneofparagraphs[82]-[89],whereintheextensioncompartmentis 

pressurized.  

E92J Themethodofanyoneofparagraphs[82]-[89],whereintheextensioncompartmentis 

equippedwithoneormorenozzlesforliquidinput.  

E~~J Themethodofparagraph[92],whereinthenozzlesforliquidinputtransferwaterinto 

thechamber.  

[94] Themethodofparagraph[92],whereinthenozzlesforliquidinputtransferaliquidother 

thanwaterintothechamber.  

[95] Themethodofparagraph[94],whereintheliquidisselectedfromthegroupconsisting 

ofanacidabaseanalcoholaketoneanaldehydeasolventoracombinationthereof 

[96] Themethodofanyoneofparagraphs[82]-[95],whereintemperatureinthereactionzone 

iselevatedto50-500 0 C,75-4000 C,100-3500 C,15O-3000 C,200-2500 Cor15O-3000 Cand 

pressureinthereactionzoneiselevatedto50-1000PSI,100-750PSI,200-600PSI,300-500 

PSIor350-450PSI.  

groupconsistingofsilageagriculturalresiduescornstoverbagassesorghumnutsnut 

shellscoconutshellsDistillersDriedSolublesDistillersDriedGrainsCondensed 

DistillersSolublesDistillersWetGrainsDistillersDriedGrainswithSolubleswoody 

materialssawdustwoodchipswoodpelletstimberslashmillscrapmunicipalwaste 

wastepaperrecycledtoiletpapersyardclippingsandenergycropssuchaspoplars, 

willowsswitchgrassalfalfaandprairiebluestemnon-woodyplantmattercellulosic 

materiallignocellulosicmaterialhemicellulosicmaterialcarbohydratescornsugar 

canegrasseshighbiomasssorghumbamboocorncobsandpeelsandpits.  

E98J Themethodofanyoneofparagraphs[82]-[97],whereinthebiomassistreatedforless 

than60,55,50,45,40,35,30,25,20,19,18,17,16,15,14,13,12,10,9,8,7,6,5,4,3,2, 

or1secondinthereactionzone.  
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[97] Themethodofanyoneofparagraphs[82]-[96],whereinthebiomassisselectedfromthe
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[99] Themethodofanyoneofparagraphs[82]-[98],whereinthechemicalisselectedfrom 

thegroupconsistingofanacidabaseanalcoholaketoneanaldehydeasolventora 

combinationthereof 

L100] Themethodofanyoneofparagraphs[82]-[99],whereintheextnidercomprisesoneor 

morescrews.  

LiOl] Themethodofparagraph[100],whereintheextrudercomprisestwoscrews.  

[00077] Whilepreferredembodimentsofthepresentdisclosurehavebeenshownand 

describedhereinitwillbeobvioustothoseskilledintheartthatsuchembodimentsare 

providedbywayofexampleonly.Numerousvariationschangesandsubstitutionswill 

nowoccurtothoseskilledintheartwithoutdepartingfromthedisclosure.Itshouldbe 

understoodthatvariousalternativestotheembodimentsofthedisclosuredescribedherein 

maybeemployedinpracticingthedisclosure.Itisintendedthatthefollowingclaimsdefine 

thescopeofthedisclosureandthatmethodsandstructureswithinthescopeoftheseclaims 
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andtheirequivalentsbecoveredthereby.
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CLAIMS 

WHATISCLAIMEDIS: 

1. Asystemforpretreatingabiomasscomprising: 

(a)anextrudercomprisingoneormorescrewswhereinaninternalplugofthebiomass 
isformedduetoactionoftheoneormorescrewstherebyforminganupstreamendofa 

e 

pressurizedreactionzoneforpretreatmentofthebiomaswand 

(b)avalveassemblyattachedatanoutputendoftheextruderwhereinthevalve 
assemblyformsadownstreamendofthereactionzoneandaddsaliquidtothereaction 

zone.  

2. Thesystemofclaim1,whereinthebiomassisselectedfromthegroupconsistingof 
silageagriculturalresiduescomstoverbagassesorghumnutsnutshellscoconut 

, 

shellsDistillersDriedSolublesDistillersDriedGrainsCondensedDistillersSolubles 

DistillersWetGrainsDistillersDriedGrainswithSolubleswoodymaterialssawdust, 

woodchipswoodpelletstimberslashmillscrapmunicipalwastewastepaper, 

recycledtoiletpapersyardclippingsandenergycropssuchaspoplarswillows 

switchgrassalfalfaandprairiebluestemnon-woodyplantmattercellulosicmaterial, 

lignocellulosicmaterialhemicellulosicmaterialcarbohydratescornsugarcane, 

grasseshighbiomasssorghumbamboocorncobsandpeelsandpits.  

3. Thesystemofclaim1,whereinthebiomassistreatedforlessthan60,55,50,45,40,35, 

S 

reactionzone.  

4, Thesystemofclaim1,whereintemperatureinthereactionzoneiselevatedto50-500 0 C, 

75-400oC,100-350 0 C15O-3000 C,200-2500 Cor15O-3000 Candpressureinthereaction 

zoneiselevatedto50-1000PSI,100-750PSI,200-600PSI,300-500PSIor350-450PSI.  

5. Thesystemofclaim1, whereinthesystemfurthercomprisesameanforsupplyingsteam 

andoneormorechemicalstothereactionzone.  

6. Thesystemofclaim5,whereintheoneormorechemicalscompriseanacid.  

7. Thesystemofclaim6,whereintheacidissulfuricacid.  

8. Thesystemofclaim1whereinthevalveassemblycomprises: 

avalvebodycomprisingalargecircularsectionanintercalaryconicalsectionanda 
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smallcircularcollarcontainingoneormorenozzlesforliquidinputthevalvebody 

havingachamberformedthereinthatconnectsaninputendandadischargeendofthe 

valvebodywhereinthesmallcircularcollarissmallerininnerdiameterthanthelarge 

circularsectiow 

avalveneedleaxiallydisplaceablewithinthechamberofthevalvebody;and 

ahousingattachedtothedischargeendofthevalvebodyandenclosingthevalve 

needlewhenthevalveneedleisdisengagedwiththevalvebody.  

9. Thesystemofclaim8whereinthehousingcontainsaremovabledischargering.  

10.Thesystemofclaim9whereinthedischargeringistapered.  

11. Thesystemofclaim8whereinthevalvebodycontainsanannularring.  

12.Thesystemofelaim11,whereintheannularringisremovable.  

13. Thesystemofclaim8whereinthereisanannularspaceformedinthechamberbetweenthe 

valvebodyandthevalveneedlewhenthevalveneedleisclosedonthevalvebody.  

14.Thesystemofclaim8whereinthenozzlesforliquidinputtransferwaterintothechamber.  

15. Thesystemofclaim8whereinthenozzlesforliquidinputtransferaliquidotherthanwater 

intothechamber.  

16.Thesystemofclaim15,whereintheliquidisselectedfromthegroupconsistingofanacid 

abaseanalcoholaketoneanaldehydeasolventoracombinationthereof 

abuttingthevalvebodyisatleast70olargerthananinnerdiameterofthevalvebodyat 

itsdischargeend.  

18. Thesystemofclaim8whereinaninnerdiameterofthehousingatanendofthehousing 

abuttingthevalvebodyisabout70olargerthananinnerdiameterofthevalvebodyatits 

dischargeend.  

19.Thesystemofclaim8whereinthevalveneedlehasaconewithawideendopposingto 

itsconicaltip.  

20.Thesystemofclaim19,whereintheconeistaperedinarangeoffrom45degreesto75 

degrees.  

21. Thesystemofclaim19,whereintheconeistaperedabout45degrees.  
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17.Thesystemofclaim8whereinaninnerdiameterofthehousingatanendofthehousing



WO20221072872 PCTfLTS2O21/053229 

22.Thesystemofclaim19,whereinthevalveneedlehasadiameteratthewideendthatisat 

least40olargerthananinnerdiameterofthevalvebodyatitsdischargeend.  

23. Thesystemofclaim19,whereinthevalveneedlehasadiameteratthewideendthatis 

about40olargerthananinnerdiameterofthevalvebodyatitsdischargeend.  

24.Thesystemofclaim1, whereintheextniderisatwinscrewextruder.  

25. Thesystemofclaim1, whereintheextruderhasportsforaddingsteamand/oracid.  
26.Asystemforpretreatingabiomass C 

comprising.  

(a)anextrudercomprisingoneormorescrewswhereinaninternalplugofthe 
biomassSisformedduetoactionoftheoneormorescrewstherebyformingan 

upstreamendofapressurizedreactionzoneforpretreatmentofthebiomass~and 

(b)avalveassemblyattachedatanoutputendoftheextruderwhereinthevalve 
assemblycomprises: 

avalvebodycomprisingalargecircularsectionanintercalaryconical 

sectionandasmallcircularcollarcontainingoneormorenozzlesforliquid 

inputthevalvebodyhavingachamberformedthereinthatconnectsaninputend 

andadischargeendofthevalvebodywhereinthesmallcircularcollarissmaller 

ininnerdiameterthanthelargecircularsection 

avalveneedleaxiallydisplaceablewithinthechamberofthevalvebody; 

ahousingaffachedtothedischargeendofthevalvebodyandenclosingthe 

valveneedlewhenthevalveneedleisdisengagedwiththevalvebody.  

27.Thesystemofclaim26whereinthebiomassisselectedfromthegroupconsistingof 

silageagriculturalresiduescomstoverbagassesorghumnutsnutshellscoconut 

shellsDistillersDriedSolublesDistillersDriedGrainsCondensedDistillersSolubles 

DistillersWetGrainsDistillersDriedGrainswithSolubleswoodymaterialssawdust, 

woodchipswoodpelletstimberslashmillscrapmunicipalwastewastepaper, 

recycledtoiletpapersyardclippingsandenergycropssuchaspoplarswillows 

switchgrassalfalfaandprairiebluestemnon-woodyplantmattercellulosicmaterial, 

lignocellulosicmaterialhemicellulosicmaterialcarbohydratescornsugarcane, 

grasseshighbiomasssorghumbamboocorncobsandpeelsandpits.  

37 

and
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28.Thesystemofclaim26whereinthebiomassistreatedforlessthan60,55,50,45,40, 

35,30,25,20,19,18,17,16,15,14,13,12,10,9,8,7,6,5,4,3,2,or1secondinthe 
S 

reactionzone.  

29.Thesystemofclaim26whereinthetemperatureinthereactionzoneiselevatedto50

500cc,75-400 0 C,100-3500 C,150-3000 C,200-2500 Cor150-3000 Candthepressureis 

elevatedto50-1000PSI,100-750PSI,200-600PSI,300-500PSIor350-450PSI.  

30.Thesystemofclaim26,whereinthechamberofthevalvebodyformsadownstreampartof 

thepressurizedreactionzone.  

31. Thesystemofclaim26,whereinthesystemfurthercomprisesameanforsupplyingsteam 

andoneormorechemicalstothereactionzone.  

32.Thesystemofclaim31,whereintheoneormorechemicalscompriseanacid.  

33.Thesystemofclaim32,whereintheacidissulfuricacid.  

34.Thesystemofclaim26,whereinthehousingcontainsaremovabledischargering.  

35. Thesystemofclaim34,whereinthedischargeringistapered.  

36.Thesystemofclaim26,whereinthevalvebodycontainsanannularring.  

37.Thesystemofclaim36,whereintheannularringisremovable.  

38.Thesystemofclaim26,whereinthereisanannularspaceformedinthechamberbetween 

39.Thesystemofclaim26,whereinthenozzlesforliquidinputtransferwaterintothechamber.  

40.Thesystemofclaim26,whereinthenozzlesforliquidinputtransferaliquidotherthanwater 

intothechamber.  

41. Thesystemofclaim40,whereintheliquidisselectedfromthegroupconsistingofanacid 

abaseanalcoholaketoneanaldehydeasolventoracombinationthereof 

42.Thesystemofclaim26,whereinaninnerdiameterofthehousingatanendofthehousing 

abuttingthevalvebodyisatleast70olargerthananinnerdiameterofthevalvebodyat 

itsdischargeend.  

43, Thesystemofclaim26,whereinaninnerdiameterofthehousingatanendofthe 
0 housingabuttingthevalvebodyisabout7olargerthananinnerdiameterofthevalve 

bodyatitsdischargeend.  

38 

thevalvebodyandthevalveneedlewhenthevalveneedleisclosedonthevalvebody.
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44.Thesystemofclaim26,whereinthevalveneedlehasaconewithawideendopposingto 

itsconicaltip.  

45,Thesystemofclaim44,whereintheconeistaperedinarangeoffrom45degreesto75 

degrees.  

46.Thesystemofclaim44,whereintheconeistaperedabout45degrees.  

47,Thesystemofclaim44,whereinthevalveneedlehasadiameteratthewideendthatisat 

least40olargerthananinnerdiameterofthevalvebodyatitsdischargeend.  

48.Thesystemofclaim44,whereinthevalveneedlehasadiameteratthewideendthatis 

about40olargerthananinnerdiameterofthevalvebodyatitsdischargeend.  

49.Thesystemofclaim26,whereintheextniderisatwinscrewextruder.  

50.Thesystemofclaim26,whereintheextruderhasportsforaddingsteamand/oracid.  

51. Amethodofpretreatingabiomassthroughthesystemofanyoneofclaims1-50.  

52.Amethodofpretreatingabiomassthemethodcomprising: 

(a)conveyingthebiomassthroughanextruderfromafeederzoneoftheextrudertoa 
reactionzoneoftheextniderwhereinthefeederzoneandthereactionzoneareseparatedby 

abiomassplugformeddownstreamoftheinputzoneandupstreamfromthereactionzone 

(b)addingsteamand/orachemicaltothebiomassinthereactionzonetopartiallytreatthe 

biomass, 

oftheextruderandtreatingthepartially-treatedbiomassinthevalveassemblythereby 

producingapretreatedbiomaswand 

(ci)dischargingthepretreatedbiomassthroughthevalveassembly.  

53. Themethodofclaim52whereinthebiomassisconveyedthroughtheextruderatavelocity 

sameasavelocityatwhichthepartially-treatedbiomassisconveyedthroughthevalve 

assembly.  

54.Themethodofclaim52whereintemperatureinthereactionzoneiselevatedto50-500 

oc,75-4000 C,100-3500 C,150-3000 C,200-2500 Cor150-3000 Candpressureinthe 

reactionzoneiselevatedto50-1000PSI,100-750PSI,200-600PSI,300-500PSIor350

450PSI.  

55.Themethodofclaim52whereinthebiomassisselectedfromthegroupconsistingof 
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(c)conveyingthepartially-treatedbiomassintoavalveassemblyattachedtoanoutputend
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silageagriculturalresiduescornstoverbagassesorghumnutsnutshellscoconut 

shellsDistillersDriedSolublesDistillersDriedGrainsCondensedDistillersSolubles 

DistillersWetGrainsDistillersDriedGrainswithSolubleswoodymaterialssawdust, 

woodchipswoodpelletstimberslashmillscrapmunicipalwastewastepaper, 

recycledtoiletpapersyardclippingsandenergycropssuchaspoplarswillows 

switchgrassalfalfaandprairiebluestemnon-woodyplantmattercellulosicmaterial, 

lignocellulosicmaterialhemicellulosicmaterialcarbohydratescornsugarcane, 

grasseshighbiomasssorghumbamboocorncobsandpeelsandpits.  

56.Themethodofclaim52,whereinthebiomassistreatedforlessthan60,55,50,45,40 

35,30,25,20,19,18,17,16,15,14,13,12,10,9,8,7,6,5,4,3,2,or1secondinthe 
S 

reactionzone.  

57.Themethodofclaim52whereinthechemicalisselectedfromthegroupconsistingofan 

acidabaseanalcoholaketoneanaldehydeasolventoracombinationthereof 

58.Themethodofclaim52,whereintheextrudercomprisesoneormorescrews.  

59,Themethodofclaim58,whereintheextrudercomprisestwoscrews.  

60.Themethodofclaim52whereinthevalveassemblycomprises: 

avalvebodycomprisingalargecircularsectionanintercalaryconicalsectionanda 

smallcircularcollarcontainingoneormorenozzlesforliquidinputthevalvebody 

havingachamberformedthereinthatconnectsaninputendandadischargeendofthe 

circularsectiorn 

avalveneedleaxiallydisplaceablewithinthechamberofthevalvebody;and 

ahousingattachedtothedischargeendofthevalvebodyandenclosingthevalve 

needlewhenthevalveneedleisdisengagedwiththevalvebody.  

61. Themethodofclaim60whereinthehousingcontainsaremovabledischargering.  

62.Themethodofclaim61whereinthedischargeringistapered.  

63. Themethodofclaim60whereinthevalvebodycontainsanannularring.  

64.Themethodofclaim63whereintheannularringisremovable.  

65. Themethodofclaim60whereinthereisanannularspaceformedinthechamberbetween 

thevalvebodyandthevalveneedlewhenthevalveneedleisclosedonthevalvebody.  
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66.Themethodofclaim60whereinthenozzlesforliquidinputtransferwaterintothe 

chamber.  

67.Themethodofclaim60whereinthenozzlesforliquidinputtransferaliquidotherthan 

waterintothechamber.  

68.Themethodofclaim67whereintheliquidisselectedfromthegroupconsistingofanacid, 

abaseanalcoholaketoneanaldehydeasolventoracombinationthereof 

69.Themethodofclaim60whereinaninnerdiameterofthehousingatanendofthe 
0 housingabuffingthevalvebodyisatleast7olargerthananinnerdiameterofthevalve 

bodyatitsdischargeend.  

70.Themethodofclaim60whereinaninnerdiameterofthehousingatanendofthe 
0 housingabuttingthevalvebodyisabout7olargerthananinnerdiameterofthevalve 

bodyatitsdischargeend.  

71. Themethodofclaim60whereinthevalveneedlehasaconewithawideendopposing 

toitsconicaltip.  

72.Thesystemofclaim71,whereintheconeistaperedinarangeoffrom45degreesto75 

degrees.  

739 Themethodofclaim71whereintheconeistaperedabout45degrees.  

74.Themethodofclaim71, whereinthevalveneedlehasadiameteratthewideendthatis 

75.Themethodofclaim71, whereinthevalveneedlehasadiameteratthewideendthatis 

about40olargerthananinnerdiameterofthevalvebodyatitsdischargeend.  

76.Themethodofclaim52whereinthetreatmentofthepartially-treatedbiomassinthe 

valveassemblycomprisessubjectingthepartially-treatedbiomasstoanelevated 

pressureand/ortemperaturesametothereactionzone.  

77,Themethodofclaim52,whereinthetreatmentofthepartially-treatedbiomassinthe 

valveassemblycomprisesaddingasubstanceatanupstreamendofthevalveassembly 

tothepartially-treatedbiomass.  

78.Themethodofclaim77,whereinthesubstancecomprisesanacid.  

79.Themethodofclaim78,whereintheacidcomprisessulfuricacid.  
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80.Themethodofclaim52,whereintheextniderisatwinscrewextruder.  

81. Themethodofclaim52whereintheextruderhasportsforaddingsteamand/oracid.  

82.Amethodofpretreatingabiomassthemethodcomprising: 

(a)conveyingthebiomassthroughanextruderfromafeederzoneoftheextrudertoa 
reactionzoneoftheextniderwhereinthefeederzoneandthereactionzoneareseparatedby 

abiomassplugformeddownstreamoftheinputzoneandupstreamfromthereactionzones 

(b)addingsteamand/orachemicaltothebiomassinthereactionzonetopartiallytreatthe 

biomass~ 

(c)conveyingthepartially-treatedbiomassintoanextensioncompartmentattachedtoan 
outputendoftheextniderand 

(ci)treatingthepartially-treatedbiomassintheextensioncompartmenttherebyproducinga 

pretreatedbiomass.  

83. Themethodofclaim82whereinthemethodfurthercomprisingaddinganacidata 

downstreamendoftheextruderasthebiomassexitstheextruder.  

84.Themethodofclaim82whereintheextensioncompartmentisformedbyatube.  

85.Themethodofclaim82whereintheextensioncompartmentisformedbyavessel.  

86.Themethodofclaim82whereintheextensioncompartmentisformedbyavalveassembly.  

87.Themethodofclaim82whereintheextensioncompartmentiscapableofdischargingthe 

88.Themethodofclaim82whereintheextensioncompartmentiscapableofdischargingthe 
S pretreatedbiomassinasemi-continuousmanner.  

89.Themethodofclaim82whereintheextensioncompartmentiscapableofdischargingthe 

pretreatedbiomassinbatches.  

90.Themethodofclaim82whereinthebiomassisconveyedthroughtheextruderatavelocity 

sameasavelocityatwhichthepartially-treatedbiomassisconveyedthroughtheextension 

compliment.  

91. Themethodofclaim82whereintheextensioncompartmentispressurized.  

92.Themethodofclaim82whereintheextensioncompartmentisequippedwithoneormore 

nozzlesforliquidinput.  
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939 Themethodofclaim92whereinthenozzlesforliquidinputtransferwaterintothechamber.  

94.Themethodofclaim92whereinthenozzlesforliquidinputtransferaliquidotherthan 

waterintothechamber.  

95. Themethodofclaim94whereintheliquidisselectedfromthegroupconsistingofanacid, 

abaseanalcoholaketoneanaldehydeasolventoracombinationthereof 

96.Themethodofclaim82whereintemperatureinthereactionzoneiselevatedto50-500 

oc,75-4000 C,100-3500 C,150-3000 C,200-2500 Cor150-3000 Candpressureinthe 

reactionzoneiselevatedto50-1000PSI,100-750PSI?,200-600PSI,300-500PSIor350

450PSI.  

97.Themethodofclaim82whereinthebiomassisselectedfromthegroupconsistingof 
silageagriculturalresiduescomstoverbagassesorghumnutsnutshellscoconut 

, 

shellsDistillersDriedSolublesDistillersDriedGrainsCondensedDistillersSolubles 

DistillersWetGrainsDistillersDriedGrainswithSolubleswoodymaterialssawdust, 

woodchipswoodpelletstimberslashmillscrapmunicipalwastewastepaper, 

recycledtoiletpapersyardclippingsandenergycropssuchaspoplarswillows 

switchgrassalfalfaandprairiebluestemnon-woodyplantmattercellulosicmaterial, 

lignocellulosicmaterialhemicellulosicmaterialcarbohydratescornsugarcane, 

grasseshighbiomasssorghumbamboocorncobsandpeelsandpits.  

98.Themethodofclaim82,whereinthebiomassistreatedforlessthan60,55,50,45,40 

S 

reactionzone.  

99,Themethodofclaim82whereinthechemicalisselectedfromthegroupconsistingofan 

acidabaseanalcoholaketoneanaldehydeasolventoracombinationthereof 

100. Themethodofclaim82whereintheextrudercomprisesoneormorescrews.  

101. Themethodofclaim100,whereintheextrudercomprisestwoscrews.  
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