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Abstl・aCt  

Anewとechnique（swe11ing轟SOIvationprocess）for tlle tOtalutilizatio110flig－－OCe血losics】1aS been  

proposed．Thisprocessisduetoacombinationoftheswellingofcarbohydratcsbyconcentratedaeidand  
the sdvationo‖鹿血withphenolderivatives．Theseparationofwoo（lintolignlnandcarbohydrates  

proceedsaimostquantitativelyatroomtemperaturewithin20min，indepel－dentofspecies・Theresulting  

ligninhasseveraldistinctivepropertieswhichconventiona11ignlllSdonothave．Forexample，itishighly  

pllenOlic and scarcelyllaS COl函gated sys亡ems，SllOWiれg a Wll止e co王or・011tIle Otherlla咄 t王1e  

carbohydratesseparatedcaneasilybeconvertedtomonosaccharidesinthesamereactionsystcm・This  

process would be applicable for anylくind of phytomass to give perfect separation becatlSe Of the  

dccompositionoftissuestructuresduringthetreatment．  

王（eywol・ds：PllytOmaSSre蝕i一昭・】i卯】Il・Carbohydrate・PhenolysIS・IlydrolysIS  

Introduction  

Recently，attentionhasbeenturnedtotheuseofphytomass（lignoce11ulosicbiomass）intheplaceof  

petroleumforchemicalfeedstocks・However，thephytomassre触ingmustbedonebeforeuse，Sinceitis  

COmPOSedofcarbohydratesandligninwhicharetotauydifferentinstructureandinproperties・  

Themethodsusedforthephytomassre蝕ingshouldsatisfythefollowingrequirements：  

1．TheseparationproceedsquicklyandperfectIy．  

2．TlleSeparationdoesnotcosttoomuch．  

3．Themethodcanbeusedwithanykindofphytomass．  

4．Thereisnomodi鮎ationoftheconstituentstolessreactiveformsduringtheseparation．  

Especia眈to avoid compiicated modi鮎ation o‖i如nis mandatory for the totalutilizationofphytonlaSS・  

Furthermore，takingthepresentdi抗cultyofligninutilizationintoaccountshouldbedevelopedanadvanced  

processwhichnotoniyseparateshgninquantitativelybutalsoglVeSlignintheimprovedreactivityandsome   
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餌nctions．Inthisstandpoint，thenewutilizationprocessofphytomassbyacombinedhydrolysIS－phenolysIS  

（theswelling－SOlvationprocess）hasbeenproposedl・2〉．   

Thepresentpaperdeais withthe separationbehaviorofwoodconstituentsandthepropertiesofthe  
resultinglignlnSintheswelling－SOIvationprocess．  

Swe11ing－SolvationProcess   

Severalmethodsforthephytomassre蝕inghavebeenproposedrecently3u7）・However，mOStOfthem  

havebeendevelopedwiththemajorpurposeofmanuねcturingpuiporutilizingthecarbohydratemoietyof  

phytomass．lnconventionalprocesses，thelignln utilizationhasnot been takenintoaccountata‡linthe  

developlngStePSOftheprocessesandtheligrunhasbeenregardedasabarrierforthecarbohydrateutilization・  

Consequently，theligninissubjectedtounspec泊calandverycomplicatedstructuralmodi鮎ationsduringthe  

separation and the resultinglignin does not have any distinctive structuralcharacteristics・It would be  

impossibleorverydi漁culttoleadhighperbmanceproductsh．omlignlnSSubjectedtocomplicatedstructural  

modificatiollS．   

Forthetotalutiまizationofphytomassconstituentsshouldbedoneapproachesforthephytomassre蝕ing  

fromanglesdifferentftomconventionalprocesses・Oneofthemisdesigningtheprocesswiththepnmary  

purposeofutilizinglignin，inwhichcarbohydratesareregardedasabarrierfortheiigninutilization・Thatis，for  

thephytomassre伽ing，lignlnisnotdestroyedasconventionalprocesses，butthecarbohydratebarrieris  

destroyedtoglVeperfectseparationofcarbohydratesandlignln・Phytomassutilizationshouldnotbelimitedto  

themanufactureofpulp，butthatforchemicalfeedstockswi11beimportantinthefuture・Forthispurpose  

shouldalsobedevelopedtheprocessinwhichcarbohydratesaredepolymerizeddirectlytomonomersand  
oligomerswithoutmanuねcturingpulp．Furthermore，quantitativedepolymerizationofcarbohydratesismuch  

easierthanthatofiignin，Sincecarbohydrateshavesimpleinterunitlinkages．   

However，lignlnisalsosubjectedtocomplicatedstructuralmodi鮎ationsduringdepolymerizlngCarbohy－  

dratestogetlessreactive・Forexample，thedecompositionofcarbohydrateconstituentsinphytomasscanbe  

achievedquantitativeIybyconcentratedacidtreatment，btltthebehaviorsofcarbohydratesandligninaretota11y  

differentduringthetreatment・Ce11uloseisswollen，fol！owedbypartialhydrolysISanddissolutionintotheacid  

solution．Ontheotherhand，ligmnformsinsolublematerialsbyself－COndensationwhicharerigidandless  

reactive．Therefore，the key polnt tO design a new process aimng at the utilization ofbothlignln and  

carbohydratesishowtoavoidiignlnmOdincationtolessreactiveformsduringthetreatment・   

Theswe11ing￥SOIvationprocessisanewtechniqueぬrtherapidseparationandstructuralmod脆cationof  

phytomassconstituentsaimlngattheiruti∬zation・Thisprocessisduetoacombinationofthesolvationoflignln  

withphenolderivativesandtheswe】linganddissolutionofcarbohydratesbyconcentratedacid・Theprocess  

COnSistsofthetwosteps（Fig．1）．  

FirststepMCresoltreatment   

ApherK）lderivative，forexampleかCreSOl，isagoodsolventforlignin，havingreactivitysimilartothatof  

lignlnPhenyllluClei．Furthermore，itdoesnotmixwithconcentratedsulhricacidatroomtemperature・Wood  

rneals are mixedwithP－CreSOlatroom temperature良rst．p－Cresolhasana抗nitytoligninandisreadily  

absorbedintowoodtosolvatewithlignln．  

Secondstep－Concentratedsulfuricacidtreatment   
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Lignoく：ejまIJlosics  

CI、eSOl■1’1teill．111e11L  

il法SO4 Trea加沌nt  

一一■1∴い－－：、  
－‡nもQr王－a（ニe  

≠ 
）  

Fig．1．Swelling－SOIvatiorlPrOCeSS・  

Seventy－tWO PerCent Sulfuricacidis addedto the cresoトwood mixturewithvigorous stirringatroom  

temperature．Sulfuricacidhasastrongafhitywithcarbohydrates，reSultinginthedecompositionoftissue  

StruCtureSbyswellingceliulose．Duringthisprocess，1igninisalwayssurroundedbycresoIwhichisnotmixed  

withsu血ricacid．Asaresuit，thedrasticattackofsu血ricacidtoligninisgreatlysuppressed．LigniTICOntaetS  

Withtheacidforashorttimeintheinterfacebetweencresolandsulfuricacid，andtheresultingcarboniumions  

（mainlybenzylcarboniumions）arequicklystabilizedbycresol，COnVertinglignintohigl厄yphenolicdiphenyl－  

methanetypematerials．Thatis，thekeypointofthisprocessisthatcarbohydratesandlignlnareinthe  

di鮎rentphasesduringthetreatment（Fig，1）．  

～Separation－   

Bystoppingthestirringaftertheacidtreatment，thereactionmixture（asuspension）canbeeasilyseparated  

intocresojandaqueousZayers．Ligniniscontainedinthecresoliayer，Whereascarbohydratesintheaqueous  

layer（Fig．1）．   
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Results andl）isc11SSion  

軸物融加減血涙削れ物め  

TJ・〃J／川ぐ〃／ぐr川（J浴（川S  

Theyieldofseparatedligninshowedamax血umat20min，afterwhichitremainedalmostunchangedunti1  

60min（Fig．2）．Ontheotherhand，inthecaseofbirch，theyieldofligninreachedamaximumbythetreatment  

ぬrlOmin．  
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Fig．3．EfkctofcresolontlleSeParationo‖i騨in．  
Swelling・SOlvationco11dition：  

Sa王nple；Yezospruce  

72％H2SO4；201Ⅵ1／gwood  

′remp．；250c  

Time；60min  

F料2．E鮎ct of treatment time on the sel）aration of  

履nin．  

Swe11ing・SOlvationcondition：  

Sample；Ye之OSPruCe  

♪－Cresol；10ml／gwood  

72陽H2SO4；20ⅠⅥl／gwood  

′I、eml）・；258c  
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10  

72   60  65   
ぎ12S叫COnC－ ほ）  

20  2   5  ユO  

Amount of72冤H2SOq（ml／g of河00d〉  
1rig．5．E鮎ctofsLll氏1ricacidconcenとrationonthe  

Separationo川卯l】1．  

Sweliing・SOlvatiollCOnditio】1：  

Sample；Yezospruce  
♪－Creso】；10ml／gwood  

H2SOノ1；20mlノgwood  

Te叩．；250c  

’王、ime；60min   

Fig・．4．E鮎ctofsul餌ricacidontlleSeparationoflignint  

Swelling－SOlvationcondition：  

Saml）le；Yezospruce  

かCresol；10m】／gwood  

Temp・；250c  

Time；60min  
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Theyieldofligninremainedconstantatmorethan5mlofcreso王／gofwood（Fig・3）・However，the  

molecularweightoftheresultinglignlnWaSlowerwiththecresolamountsof3mland5ml7indicatingthatthe  

depolymerizationofligninwasacceleratedwithadecreasingamotmtofcresol・   

Theyieldoflignlnincreasedwithincreaslngratioof72％sulfuricacid免・Om2mltolOm王，abovewhichit  

remainedconstant（Fig．4）．However，theyieldsarenotsodifferentbetweensulfuricacidadditionsof5mland  

20ml，Showingthat72％sulfuricacidiseffectiveforseparationinsmallamounts・Theyieldofiigninh・Ombirch  

decreasedslightlywithadecreasingratioof72％stllfuricacidfrom5to2・However，thedegreeofdecrease  

wassmailer，COmParedwiththatinspruce，andhardwoodlignmwasaiwaysdepolymerizedtoagreaterextent  

thansoftwoodlignin．   

Theyieldofl主gnlnWaSquitelowwith60％sulhricacid，becauseoftheinsu抗cientswe11ingofcarbohydrates  

（Fig．5）．Theyieldofligninincreasedwith65％sulfuricacid，butthemolecularweightofseparatedligninwas  

sti11high（苅wca．6000）．With72％sulfuricacid，theli鮮血yieldincreaseduptoaboutlOO％，andthemolecular  

weightoflignindecreasedtoMwca－300O・Thesefactsindicatethatbothprocesses－SWel】irlgOfcarbohy－  

dratesanddepolymerizationofligninpareimportantforrapidseparation・  

Ilh再伸血   

Insoftwoods，lignlnyieldsgotaboutlOO％at20minandslightlyincreasedat60min・Inhardwoods，itwas  

notsodifferentbetween20and60minorslightlydecreased，duetothefomationofether－SOlublefractions  

（Tablel）．Thisdifferenceintheseparationbehaviorisduetothedifferencenotintissuestructuresbetween  

softwoodsandhardwoodsbutinligninstructuressuchasthedistributionandquantityofetherlinkagesandthe  

degreeofcondensation．   

AsobviousinTablel，theswelling－SOlvationprocessisapplicableぬranywoodspeciestogivetheperfect  

separation，becausethetissuestructuresaredestroyedbythesweuinganddissolutionofcarbohydratesduring  

the treatment．  

Tablel．YieldsofS・Siignins＊  

（％of】く1asonli如n）  

1、reatmeIlttime（min）  

20  60  

99．15  108．19  

101．71  111．84  

1（〕5，34  116．66  

90．85  113．06  

108．83  110．31  

Jl（・〃り「ヱー）川∫J■∫  

ノIJ心ノ汗州J  

ハ川（∫（州（仙■J■  

7両脚止血仙  

CJ沖山川刷■〟J（小け‖い′  

Yezo spruce 
Ja】）aneSenr  

SlasllPl王Ie  

Japanese henllock 
Japanese cedar 

118．19  102．95  

107．70  109，30  

94．30  101．58  

97．66  93．94   

仇血杜仲明叫此  

勧臍m封蝋畷扉加  

〃小／岬川中J∫脚川巾け（）川∫  

〟Jl・（加J【川坤ゴ〟川仙川川  

Japnnese bircil 
Japanese oak 
A函ong  

Kapur  

＊Swe11i昭一SOlvationcondition：   

♪－Cresoi；10mi／gwood   

72％rI2SO4；20ml／gwood   

Temp・；250c  
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Sゆ〝Ⅲ血JJ抽汀／州）J・（1／■川r抽ノり′か血・∫   

Thereactionmixturewasseparatedintotwolayersafterthetreatment（Fig．1）．A肋oughmostpartsof  

Carbohydratesweredissolvedintheaqueouslayer，SOmePartSOfceliuloseremainedinsolublewithshorttime  
treatment，being Ln theinterface between cresoland aqueouslayers．Table2shows the distribution of  

Carbohydratesafterthetreatment・Withthetreatmentfor20min，mOrethan85‰ofcarbohydrateswere  

alreadydissoIvedintheacidlayer・Theamountofinsolubleinterfacemateriaiswasgettinglesswithextended  

treatment time，aS a reSult ofinsoluble cellulose converting to soluble cellulose・The carbohydrates  

COntaminatedinthecresollayerwereonlyinthesma量Iamount（ト2％）．  

Table2．Distributionofcarbohydratesinthccresollayer，theaqueousbyerand  

theinteぬceaftersweuing－SOlvationtreatrncnt＊  

Amounls of carbohydrates 
（％0＝otalcarbollydrates）  Treatmenttime   

（min）  

Cresol layer Aqueous】ayer  Interface  

86．59  11．48  

91．43  7．20  

95．26  3．08   

畔Swe肋1g・SOlvationcondition：   

Sample；Yezospruce   
かCresol；10血／gwood   

72ウあH2SO‘】；20mけgwood   

Temp．；250c  

凸坤川血川「一呵加血抽／め血  

Elementalcompositions ofseparatedlignins（S－Slignins）were very similar between speciesin both  

SOftwoodsandhardwoods（Table3）．Comparedtothecompositionsofmi11edwoodlignins，S－Sligninswere5％  

higherincarbonand5％lowerinoxygen，duetotheeliminationofoxygencontainingfunctionalgroups（OH）and  

thephenolationinthoseplaces．TheamountsofcombinedcresoIwereabout25％（aboutO．65mol／C9〉in  

SOftwoodligninsandabout30％（aboutO．9mol／C9）inhardwoodlignins．   

Ingeneral，ligmnsisolatedunderacidicconditionshavebrowntodarkbrowncolor．Especia11y，thelignlnS  

Phenolatedunderacidicconditionsshowblackcolor．However，S－Sligninswerewhite，havlngSlightlypinkish  

COlor，inspiteofitsisoiationwithconcentratedsulfuricacidandlotsofcombinedcresol（25－30％）．Thismeans  

thatprotolignlnWaSnOtSubjectedtoanycomplicatedmodiiicationsexcept払rthephenolationinthesidechains，  

duetothesolvationwithcresol．Ftlrthermore，S－Sligninswerereadilydissolvedtovariouskindsofsolvents  

SuChasmethanol，ethanolandacetone．  

Genera11y，theUVspectrumofli如nhasapeakat280nmandshouldersatlongerwavelength．However，  

S・Sligninhada sharppeakonlyat280nm，havingnoanyotherpeakorshouider（Fig．6）．Theionization  

difference（AEi）spectraofS－Sligninhadasharppeakonlyat300nmshowingthepresenceofphenolichydroxyl  

groups（Fig．7）．ThesefactsindicatethatS・Sligninishiglllyphenolicandhasalmostnoconjugatedsystemsin  

thesidechains．ThisisoneofimportantcharacteristicsofS－SlignlnS．   

Inspiteofthetreatmentwithconcentratedsulfuricacid，1RspectrumofS－Sligninwasverysharp，indicating  

noselfNCOndensation（Fig．8）．The spectrumofS－Sligninscarcelyhadtheabsorptionaround1650cm仙1，   
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でal〉le3．PropertiesorS・Sli如ns…‡く  

ElelⅥentalco111POSition（％） Combinedcreso】   

Species   

Mi】iedwood物血   

C  王i  O  ％ mol／C9  

Yezospruce（タわgαノggβど乃ざね）  

S－SIwlill   
Yezospruceげfcβαノgz∂g〃Sぬ）  

Japa11eSe伽（舶ね∫メ〃〃α）   

SIasをIpiIle（邦別封朝地椚  

Japa王IeSellemiock（舘嘲＝混血軌  

Japanesecedar（Cり少わ′7Zβγ泡ノ卸∂乃わα）  

61．5   5．8   32．7  
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Apitong（β研g和Cαゆfざg和粥d拘）用ぶ）  
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＊Sweliing・SOIvationcondition：   

かCresol；10】111／gwood   

72％H2SO4；20mけgwood   

Temp．；250c   

Time；60min  
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Fig・6・UVspectraofs王）ruCen－iliedwoodli騨in  

andS－Sii邸11ni】1metllylce1losolve．  

Swelling－SOlvationconditioll：  

Sample；Yezosl）ruCe  

かCresol；10mけgwood  

72％蟻SO4；20nll／gwood  

’reIⅥp．；250c  

′rinle；20min  

250  500  ち50  勾00  250  500  550  ㈹O  

Wove よength（nm）   

assignedtoconjugatedcarbonylgroups．AIso，S－Slig血hadasharppeakaround800cm仙1，duetocombined  

CreSOl．TheseareinagreementwiththecharacteristicsofS・SligrunshowninUVspectra．   

1H－NMRspectrumofS－SligninisshowninFig．9．Theregion（1．6－2．5ppm）ofacetoxylprotonsin   
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Ⅰ√ig．7．lonizatiolldifkrence（dEi）spectra（Ⅰ）H14－PH6）ofsprucenliIledwoo（i！igninandS－SligniIl．  

Swe11il昭一SOlvationco王1dition：  

SaI叩1e；Yezospruce  

かCresol；10m】／gwood  

72％112SO4；201111ノgwood  

′rem‡）．；250c  

Tiille；20Il扇n  

acetylatedS－Sligninisoverlappedbycresolicmethyiprotons（2．1ppm）．However，itisobviousfromthe  

PattemthatS・Sligninhaslotsofphenolichydroxylgroupsandstillhasaliphatichydroxylgroups．The2．5ON  

5．20ppmreg10n，aSSignedtomethoxylandsidechainprotons，WaSbroadinmilledwoodl主gnin，duetothe  

OVerlapofvarioustypesofprotons，Whereastherewerethreegroupsofsignaisinadditiontomethoxylslgnalsin  

thisregionofS－Slignin，Nosignalwasobservedinthe5．75－6，25ppmregion（benzylproton）inS－Slignin．  

Table4showstheamountsofhydroxylgroupsinS－Slignins．S－Sligninshadnobenzylaicohol，Almost  

Originalamounts ofCγ－hydroxyigroups were stiu retainedinlignlnafter the treatment．The quantity of  

PhenolichydroxylgroupsismuchhigherinS・SligI血s，COmParedtothatofmi宣Iedwoodlignin，becauseofthe  

CleavageofarylethersandthecresoIcombi11atioll．Thequantitiesofphenolichydroxylgroupandcombined  
CreSOlremaineduncharlgedwithextendedtreatmenttime．ThisimpliesthatβpO・41inkageswereprettystabie  

duringtlletreatment．  

Thepri】1Cipalmodi鮎a貞ono‖i如nduringtheswe肋1針SOlvationprocesswouIdbesulTlIⅥarizedas払1lows：  

lignlnis許e離1yprotected魚▲omtheattaclくOfsu軌IricacidtllrOughsolvati】1gWitllCreSOl．Li卯jnco11仁actswitll  

acidonlyintheinterhcebetweencresolandacidphases，andatthattime，reaCtivebenzylalcohoIsandethers  

mainlyreactwithcresol．Furthermore，CreSOlattacksalsotocon］ugateddoublebondsandcarbonylgroups，  

resultinginnoconjugatedsysteminthesidechains．ThereisalmostllOanyOthersecondarymodi鮎ation．  

Tl扇s mechanism oflignin mod漬cation was further confirmed by a treatment of milIcd woodlignin with  

sweliing－SOlvationsystem8〉・   

5小汀〃／／岬〆♪／両肌刷諭血mJJ止）∫ぐ．／J（リm■（T〃J′／（－∫√〟JJJ／如血  

Lignoce11ulosicscanbeseparatedintocarbohydratesandlignmwithin20minatroomtemperaturebythe  

SWelling－SOIvatio11PrOCeSS．However，tOaChievethetotalutilizationofphytomassconstituents，hemicellulose   
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Fig．8．派spectraofspruceIⅥmedwood】短nlnandS－Sli餅1n．  
Swe11i昭・SOlvationcond主tion：  

Sanlple；Yezospruce  
かCresol；10ml／gwood  

72ウあH2SO‘－；20mけgwood  

′remp．；250c  

TilⅥe；20min  
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5 q ち 2 1 0（PPm）  8 7 6  
Fig．9．1H－NMR叩eCtraOfsprucemiIledwoodli如1alld  

S－SligIlin（acetylaとed）．  

SwelIing・SOlvationcondition：  

Sample；Yezospmce  
β・Cresol；10ml／gwood  

72％H2SOl；20m】／gwood  

′remp，；250c  

Ti111e；20min   

S－・Slig【11n  

2 1 0（PPnl）   

でable‘1．Hydroxyl餅OupCOntentSOfS・SlignlnS三】ミ  

8  7 6  5 句 5  

Hydroxyl訂Oup（mol／Cゥ）  

Cα  Cγ  PllenOiic  

Miliedwoodli卯1n   

Yezospruce（A加勘毎別徽痕）  

S－Sli卿iII   

Yezospmce（且如隕力紛糾血）  

Japanese触∽わざ♂ざβ7邪〃）   

Sias恒血豆裾棚減肋鰯）  

Japanesellemlock（舘昭＝混ぬ硯  

Japaneseced8r（C7妙わJ紹βrねノ頑0押fcα）  

0．35  0．80  
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疎Swel】il昭一SOIvationcondition：   

かCresol；10mI／gwood   

72％rI2SOd；20ml／gwood   

Temp，；250c   

′rime；60nlin  
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andcelluloseshouldfurtherbeseparated，bywhichthefouowingutilizationofcarbohydratesgetsmucheasier．  

Thispurposemightbeachievedbyamildacidhydrolysispriortotheswe王1ing－SOlvationtreatment（Fig．10）．  

For this purpose must be selected a acid hydrolysis conditionin which hemicelluloseis preferentially and  

Seiectiveiyremovedwithoutcomplicatedstructura主modi鮎ationofl主gnln．Therewasthelossofcarbohydrates  

correspondingtotheamountofhemicelluiosebythetreatmentswithO．5％sulfuricacid（1350c）and30％  

hydrochloricacid（300c）（Fig．11），Theseacid－Pretreatedwoodswerefurthermoresubjectedtotheswelling－  

SOlvation treatment．Lignins were separatedin high yield from these acid－pretreated woods（Tablc5）．  

Especia11y，theligninseparationfromO．5％sulfuricacid－pretreatedwoodwasalrnostperfect．Ofcourse，S－S  

ligninsfromacid－Pretreatedwoodshaveslightlylessamountofcombinedcresol，aliphaticandphenolichydroxyl  

groups，duetothestructuralmodi6cationsduringtheacidtreatments，COmParedtothatfromorlglnalwood  

（Table5）．However，distinctive characteristics ofS－Slignins such aslightcolor，high solub胤yand highly  

pllenOlicnaturea托Sti11retained．  

Lig【10Cellulosics   

地此退幽ふ  

rJJr  
いと川ill   

and  
Cellulos（∋   

Ilemicellujos（∋  
Fig．1（）．Separation crfphytomass constituentsbyamild  

acid hydrolysIS followed by swe11ing－SOIvation  
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Fig．11．YieldsoflignmandcarbohydratesintheacidtreatrnentsofspnlCeWOOdmeal・  
Wood－1iquorratio，1：10   
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Table5．YieldsaIldpropertiesofS－Slig血s＊虹onlaCid－pretreated叩mCeWOOds  

Pretreatment condition 
Totalyicld Cresolfreeyie】d CombinedcresolrIy（lroxylgroup（mol／C9）  

Acid  Ten－p・ぐC）Time（min）（％0∫ⅩL） （％ofKL）  （moけC9） Ajip加主c Pわeno靂ic  

0．5％H2SO4 135  60  127．60  鶴．29  0．56  0．64   1．1：i  

30％艮C1  30  60  116．23  89．02  0．57  0．66  1．01   

＊Swe】1ing－SOlvationco】1dition：   

♪－Cresol；10m】／gwood   

72％H2SOd；20mけgwood   

Te汀】p．；250c   

Time；60mill  

Co11Clu（lillgRemarlくS  

The swelling－SOlvation processis a new technlque for the re触ing and structuralmodi点cation of  

lignoce11ulosicsbyacombinationofthehydrolysisofcarbohydratesandthephenolysisoflignin．Thekeypoint  

orthisprocessistodestroy仁ISSueSとrucとuresby仁鮎swe封血ganddisso】utionofcarbo】1ydrates融】1COnCe！1tra始d  

acidunderthesolvatio110rl鹿血withcresol．  

Thecharacteristicsoftheprocessareasfollows：  

1．R叩idseparation．  

2．Nospecialchemicalsandequipments．  

3．Noselectivitybrwoodspecies．  

4．Highreactivityandnew丘InCtionoftheresuitinglignin．   

The quantitative separationofwoodintolignlnand carbohydratcsis achievedwithin20minatroom  

temperature．ThereisnoneedforspecialequlPmentSandl扇ghheatenergybecausetheseparationproceedsat  

roomtemperatureundernormalpressure．Thechemicalsrequiredareor11ysulfuricacidandcresoiwhichare  

cheap．Thisprocesscanbeperft）rmedwithoutlargemod脆cationofconventionalconcentratedacidhydrolysIS  

process，Ofwhichthetechnologyhasaireadybeenestablished．Furthermore，thisprocesswouldbeapplicable  

わranykindofphytomasstoglVePerf6ctseparationbecauseofthedecompositionoftissuestructuresduringthe  

treatment，TheresultinglignlnShavevariousdistinctivecharacteristicsthatconventionalligninsdonothave，  

suchasnocoI刃ugatedsystem，highphenolicnature，highsolubility，nOSelf・COndensation，Whitecoloretc・’rhis  

lignincanbeconverteddirectlytovariouskindsofproductswithoutfurthermodification．   
Thereactionsysteminswe11ing－SOlvationprocessisaisoeffectiveforphenolmodificationoftechnicallignlnS  

toglVelighter－COloredandhighlyphenolicfunctiona＝ignophenolderivatives9－11）・Furthermore，thisprocess  

becomesapowerfultooiforestimatingstructuresandreactivityo＝igninbyacombinationwiththenucleus  

exchangetechnlquelO・12・13）  

Experimetltal   

（；川（，Ⅲ／吋〟川／／棚♪川（、（・〔／′′′‘‘・   

P－Cresol（10rnl）wasaddedtowoodmeals（1g）withstirringandtappingwithaglassrod・AfterlOmin，  

72％sulfuricacid（20ml）wasaddedtothemiⅩtureandthevigorousstirringwascontinued払rprescribedtime．  

Bystopp主ngthes血Ing，ぬereactjor）mixturewasrapjdlyseparatedintocresolandaqueouslayers・Thecresol   
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layerwas takenupand added dropwise toanexcessamountofethyletherwithvlgOrOuS Stirrlng．The  

precipitates were dissoivedin acetone，；lndinsoluble materials（mainly contaminated carbohydrates）were  

removed by centrifugation．The acetone solution was concentrated under reduced pressure and added  

dropwisetoanexcessamountofethyletherwithstirring．Theprecipitatedlignin（S－Slignin）wascollectedby  

Centr血glnganddriedoverP205afterevaporatingthesolvent．  

Thearnountsofcarbohydratesincludedinthecresol】ayerandtheinteぬce（Fig．1）weredeterminedby  

acidhydrolysISOftheacetoneinsolublefractionandtheinterねcematerial，reSpeCtively，andthatintheaqueous  

layerbydiぽerence．  

山如高＝有川∬如・た〝／J■〃〃  

Elementalanalysis，methoxylcontent，UV，IR，NMR，andGPCwereusedtocharacterizeS－SIignins．Gel  

permeationchromatograrnsofIigninsweredeterminedonaJASCOTRIROTORinstrumentwithtwoshodex  

COlumns（KF8O2andKF804）andUVdetector（280nm）．Tetrahydro久IranWaSuSedastheeluent．Infrared  

（KBrdisks）andultravioletspectraweredeteminedonaJASCOmodelIR－GspectrophotometerandJASCO  

UVIDEC505spectrophotometer，reSPeCtively．1H－NMRspectrawererecordedonHITACHIR－90spectro－  

meter（90MHz）．ThesolutionsofligninsinCDCl3COntainingTMSastheinternalreferencewereused．The  

amountofcresoIcombinedwithlignlnWaSCalculatedbasedonthesignaiintensityofcresolicmethylprotonsona  

lH－NMRspectrumofS－Slignin．  

Ref豆renees   

l）FuNAOlくA，M．Separationofli卯OCeilulosicsintocarbo主1ydratesandlig】】血JapanPatent2－233701（1990）．  

2）FuNAOKA，M．andI．Al敗 RapidseparatiollOfwoodintoc8rbollydrateandli卯inwithconcentratedacid－pheno】systenl．  

7セ抄gノ0〟川αJ，72（8）：145－149（1989）．  

3）MYE軋Y，lそ．C．，M．D．NICI10LSON，R．KÅTZEN，andJ．M．TAYl．Olミ．Theforestre餌ery．Chemiech，11（3）：186－192   

（1981）．  

4）SALMAN，A．andK．V．SARKANEN．OrganosoIvl）ulping－areView－．7勧iJournal，72（3）：169－175（1989）．  

5）MAlモC川三SSAULT，R．H．andJ．SL－PIfミⅠモRE．FuturesotlrCeSOforganicrawrnaterials．CI沌MRAWNl：Pcrgamon  

Press，613－625（1978）．  

6）LoRA，J．H．andM．WAYMAN．Deligniticationofhardwoodsby；lutOhydrolysisandextraction・n吻毎Gl（6）：47－5O   

（1978）．  

7）HoRMI；YER，f王．FりW，ScIvIWALD，G．BoNN，andO．BoBLETER．Hydrothermolysisofbirchwoodaspretreatmcnt払r  

enzylllaticsacc】1ad鮎atiom．払東面邪ぬ明い鰻95－9a（1988）．  

8）11AMAGUCHI，Kり M．FuN＾OlくA，andI．A肱 Behavior o＝ignin during the swe11ing－SOIvation process．Lignin  

mod泊cationmcchanisminacresol－Stl敗1ricacidsystem．Proceedingsofthe41stAnnualMeetingofthe）apanWood  

ResearchSociety，p．138（1991）．  

9）MATSUl；，J．and M．FuNAO】兢．Characteristies o‖ignin phenolation at room tcmperaturein concentrated su血ric  

acid－phenoIsystem．Proceedingsofthe4211dAnnualMeeti11gOftheJapanWoodRcsearchSociety，P・394（1992）・  

10）MATSU！；，）．andM．FuNAOKA．Structurcsandreactivityofindustria11ig血1S．Estimationbyselcctivephenolation・  

Proceedingsofthe42ndAnnualMeetingoftheJapanWoodResearchSociety，P．395（1992）・  

11）MA，rSUE，）．andM．Ft］NAOKA，PreparationoffunctionallignophenoIsandtheircharactcristics．Proceedingsofthc37th  

Ligl血SylⅥPOSiuIn，pP．97－100（1992）．  

12）HAMAGUCIlI，K．andM．FuNAOKA．Behavioroflignininkraftpull）il鳩SyStem．Arlalysis by selective phenolation・  

Proceedingsofthe59tlり－TappiPulpandPaperConkrence，PP．64－67（1992）．   



j30 MasamitsuFuNAⅢくA，ShtulSukeFuKATSU，HidelくiSAWAI，MasayukiSAGO，KaoriHAMAGtfCIIlandJul－SulくCMATSUE  

13）HÅMAGUC勒 K．and M．FuN＾OKA．Characterization of kraft puip residuallignin by swelling－SOIviltion process．  

Proceedingso用Ie37t主1Lig血1Syn叩OSium，Pl）．133－136（1992），  

加水分解およびフェノリシスを併用するリグノセルロース系  

バイオマス成分の分離および構造変換プロセス  

船岡 正光・深繚 俊卑称㌍1・輝井 秀脚巨2・左合 昌行＊3  

浜口 位織・松江 浮介  

三蕊大学生物資源学部  

現所属 ＊lサンスター技研㈱  

隼三盆県昔  

…ホ3本州製紋緒裂  

リグノセルロース系バイオマス成分の完全分離と解造変換のための新しいプロセス（膨潤…溶媒和プロセス）を揺  

策した。本手法ほフェノール誘導体によるリグニンの溶媒刺と漉酸による炭水化物の膨潤・溶解のコンビネーション  

に基づいており，リグノセルロース系接合体のリグニンおよび炭水化物への分離は室胤20分でほぼ速成される。分  

離過碓でリグニンは高機能リグノフェノール誘導体へと変換され，・一方炭水化物ほ，分離後岡・一反応系で直接モノ  

マーへと誘導可能である。   




