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Abstr；lCt  

Acidsulfitedeti如ficationofwestemhemiock（乃柳heおγゆ妙Ila）wascarriedoutた・Om900ctoatinal  

temperatureof1450c・敗aftpu王pingwasaisocadedout鉦om900c，buttoa免naltemperatureof1700c・  

AtvariousstagesofdehgniLication struCturalunitscondensedatC〟－POSitionsinresidualtigninswere  

determined directlywithoutisolating their ugnins．hkraft pt11ping，the氏）rmation ofstructuralunits  

COndensedatCα－POSitionsstartedatthepointwhereabout50％ofthehgninwereremoved．Inacidsu漁亡e  

pulping，theformationofthoseoccurredwhen65－70％ofthe艮gninwereremoved．About55％ofthe  

Pheny蓋nucleiwerefoundassociatedwithcondensedstructuresatC。－POSitionsintheresiduallignhlSinboth  

kaftandacidsu胤epulpshavi一喝akappanumberabout35．  

Keywords：Kraftpulpmg，Acidsul飢epulping，Li如ndegradation，Condensation，Diphenylmethane  

IntrodtlCtiく）n  

Duringpuiping，ugninmacromoleculeisdepolymerizedmainlythroughthecleavageofetherlinkagesto  
becomedissoIvedinpulping近quor，Inkraftpulplngl），the丘rststepofde邑gni鮎ationinvolvestheformationofa  

quhonemethideintermediateなomthephenolateanionbytheeliminationofahydroxide，alkoxide，Orphenoxide  

ionfromthebenzy並ccarbon．Thenthisintermediateisattackedbythenudeoph揖chydrosuはdeionswith  

fbrmationofathiiranestructureandsimultaneouscleavageoftheP・arylLinkage．Thecleavageofarylether  

hnkagesresultsinhlCreaSinghydrophiiicityofugninbecauseoftheliberationofphenoiichydroxylgroups．The  

depo壬ymerizedhgnin＆agmentsaredissolvedinthecookingliquorassodiumphenolates．Ontheotherhand，  

duringacidsulAtepulpingl）thea－hydroxylandtheα－ethergroupsaredeavedreadilyundersimultaneous  

fomationofbenzyhumionsirrespectiveofwhetherphenoiichydroxylgroupsare魚■ee Oretheri鮎d．The  

Cleavageofopenα－aryletherunkagesrepresentstheonlynoteworthyh－agmentationofhgninduringacidsuuite  

pulping．Thebenzyuumionsares助natedbyattackofhydratedsu血rdioxideorbisu航teions，reSultingm  

increasinghydrophilicityofligninmolecuie．TheextentofdeugniAcationdependslargelyonthedegreeof  

Sulわnationaswe昆asthedepolymerization．  

Asdescribedabove，inthecourseofkraftandacidsu脆tedeu卯i負cation，thereactivityofbenzyhccarbonsis  
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greatlyenhancedresu旺ingintheattackofnucleophiucagentsナduetotheformationofquinonemethidesand  
benzylcations，reSpeCtively・TheattackofhydrosulAdeorbisuはteionstoα－Carbonswhichisveryimportant  

fordissolutionalwayscompeteswiththatofphenolicnuc圭ei2，3）・Ingeneral7thelatter主eadstoincreased  

molecularweightofはpinandthesolubilizationoflignlnisretardedorinhibited・Forexamp呈e，1ignindissolution  

isretardedparticularlyduringthe魚nalphaseofkraftpulpingasaresultofcondensation4）・AIso，pineheartwood  

havingreactivephenoucextractivessuchasplnOSylvinanditsmonomethylethercannotbedeligni鮎dbythe  

conventionalacidsu胤eprocess4）・   

Thecondensationatbenzylcarbonsduringkraftandacidsul翫epulpingIeadstodiphenylmethanetype  

structuresト3）．：hordertoachievetheovera11understandingandperfectcontrolofpulpingreactions，the  

informationonwhenandhowfrequentlythecondensationoccursisoftheutmostimportance・Especiauy，  

secondarilycondensedmoietiesinresidualugninsglVeagreatinauencetothecolorofpulpanditsbleachability5）・  

Thequantityofdiphenylmethanetypeunitsinpulpresidualiignindirectlyreaecttheextentofcondensation  
reactionswithinthewoodduringthepulping．Inthepresentwork，atVariousstagesofkraftandacidstll翫e  

deiigniLication，StruCturalunitsrelatedtocondensationatCαPpOSitionsinpulpresidualligninswereanalyzedand  

discussed．  

Mねterials andMetl10ds  

Thewoodchipswerecutfromthesapwoodportion（20－73annualincrement）ofa73yearoldwestern  

hemlock（乃噺heiβγ坤妙Ila）logtoaconstantchipsize（2．5×2．5×0．3cm3）．Thechipswereairdried，after  
whichthemois餌recontentwas7－8％．  

P〟桝〃g  

Kr紙Iiquor：E鮎ctiveaikdi（EA）17．1％（asNa200nODwo姐COrreSPOndingto44・15g／lofNaOH）andthe  

Sul鋸ity24．9乳  

AcidSul鮎eliquor：Asolutionof15．6g／lofNaOHwasadjustedtopHl．5withSO2，COrreSpOndingtoabout  

27．6g／loftotalSO2，   

Thirtygramsofovendrywoodwasused，andthekquidtowoodratiousedwas5：1．Aftersoaking24  

hoursatroomtemperature（abotlt250c）inthedigesterorintheshaker，thecookingsystemwastransferredtoa  

preheated，rOCkingdigester（940c）．Assoonastheternperatureinthedigesterdecreasedto800c，thesystem  

washeatedatarateoflOc／minuntilthetemperaturereached1700c（kraft）or1450c（acidsu胤e）．The  

sampleswerethenpulpedtovariouslignincontentsbykeepingtheminthedigesterfordifferentlengthsoftime・  

De悠gni鮎dwoodorpulpswere丘1teredo托fouowedbythoroughwashingandairdrying・Thesamples（woodor  

pulps〉weregroundtopass80mesh．Themealswereextractedwithethanoトbenzene（1：2）fbr48hoursand  

血edoverP205．  

ね加地削げ肌蹴感狛肌‖如血（〟l陀）   

Theisolationandpuri鮎ationoftheMWL・sweredoneaccordingtoLuNDQUfSTetal－6），andBJ6】ミKMAN7）・  
TheelementalcompositionsofMWLareasbllows：C％，61．42；H％，5．67；0％，32・91；OCH3％，13・44・Based  

onthesein払rmation，themolecularぬrmulaperC9unitisC9H8，3203．12（OCH3）0．83andthemolecularweigbtper  

C9unitis192．28g／mol．TheMWLwasusedasareferencesamplebrthedeterminationofligninbyacetyl   
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bromide method．  

ノ．心証畑、′り～ごげノミゴミ・い′正札心・iご   

ThehgnincontentwasmeasuredusingtheKiason＋acidsolublelignindeterminations・Klasoniigninwas  

determinedusingaTAPPIstandardT222，andtheacidsolubleu鮮血wasmeasuredaccordingtoTAPPIUM  

250．TheligTlincontentatthelatestagesofpulpingwasalsocheckedusingacetylbromidelignindetermirlation・  

TheproceduresofJoHNSONetal．8）andMARTON9）werefo㍊owed，withthemodi鮎ationsaccordingtoVANZYLlO）  

andCHIANGandFuNAOKAll）．  

鼠伽血㈹れ肋ゆ通牒旬頑如闇娩通用如血   

Itwasdonebyacombinationofnucleusexchangeandnitrobenzeneoxidation．Detailedprocedures払r  

thesetworeactionsandtheproductanalysisbygaschromatographyaredescribedindetailintheprevious  

papersllm16）  

ResultsandI）iscussion  

Thedissolutionofiigninduringastandardkraftandastandardacidsul伽epulpingofwesternhemlockis  

showninFig．1．Ascanbeseeninthis負gure，bothsystemsareabletoremoveabout95％oftheugninandthe  
generalpatternofli鮮血dissolutionisrathersindarforthesesystems・   

Phynylnucleiinso魚woodprotokpinareclassi鮎dintonon－COndensed（TypeA）andcondensed（TypeB）  

guaiacylunits（F呈g．2）．Guaiacylunitsinresidual最gninsaredividedintonon－COndensed（TypeA），those（Types  

A′andB′）associatedwithdiphenylmethanemoietiesl・5，17，18）andothertypesofcondensed（TypeB）units（Fig．  

2）．ThequantitiesofA，B，A′andB’typesofstructuralunitsinresidualso氏wood昆gninscanbeobtained＆om  

theyieldsoftheirmonornericderivatives，guaiacol＋cateChoi（NEP），afterdirectdegradingofpulpsbynucleus  

exchangereaction（Fig．3），and，Vaniuin＋vaniuicacid（NOP），afternitrobenzeneoxidation（Fig．4）1ト16）．The  

nucleusexchangereactionsisacombinationofalkylationanddealkylationreactまonsinthepresenceofboron  

tri餌0rideandexcessphenol19，20）．Thisreactionconvertsquantitativelythenon－COndensed（TypeA）and  

diphenylmethanetype（TypesA′andB’）phenylnucleiintoguaiacoIwhichispartiallydemethyiatedtocatechol  

accordingtothereactiontemperature（Fig．3）．Thusthesumofguaiacolandcatechol（NEP，mOl％）represents  
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Type A  

′／一′／／／／  

＼＼  

／  

随Non－COndensed  

Type A′  

⑳DPM Type  

Type13′  

囲Condensed  

Type B  

Except fo「DPM type  
R：＝0「Alkyl  

Fig．2．Typesofstructuralunitsinorl辞nalandmodi鮎dlignms・   

thequantityofnon－COndensedunitsinnoかdeh如鮎dwoodorthequantitiesofnon－COndensed（TypeA）and  

diphenylmethanetype（TypesA’andB′）unitsindelign漬edwood．Consequently，indehgniBedwoodsampie，  

bysubtractingthenon－COndensedunits（TypeA）育omtheyieldofNEP，thequantityofdiphenylmethanetype   
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Fig．4．Lipinstructuralunitsgivingmonomericproducts（NOP）bynitrobenzeneoxidation．   

units（TypesA′andB′）canbeobtained．Inthiscalculation，theestimationofnon－COndensedunit（TypeA）isof  

theutmostimportance．Thealkalinenitrobenzeneoxidationconvertsonlynon－COndensedunits（TypeA）that  

arenotinvolvedindipheny血ethanetypeunitsintoNOP（Fig・4）21）・Therefore，NOP／NEPvalueinpulp  

residualugninisgettinglowerwithincreasingamountsofdiphenylmethanetypestruCtureS（TypesA′andB’）in  

hgninmolecule・Assumingthattheconversionrateofnon－COndensedunits（OnlyTypeA）toNOPinmodi6ed  

弘gninisnotsodiHerent＆omthatinoriginal1ignin，thequantityofnon－COndensedunit（TypeA）canbecalculated  

asbilows22）：   

【NOP／（non－COndensed，typeA）］。秘nal  

＝〔郡OP／（non－COndensed，typeA）〕resid。a11吻血  

Non－COndensedudts（TypeA）hresidua相加れmole乳   
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＝（NOP）陀Sidual／【NOP／（non－COndensed，TypeA）1。廟al   

＝（NOP）resid11a】／（NOP／NEP）。パ如‡  

Because，inoriginaiiignin，theyieldofNEPrepreserltSthequantityofnon－COndensedunit（TypeA）・Thevalue  

ofNOP／NEPぬrthewesternhemlockoriglnalligninwasO．77．   

Fig．5showsthevariationsofNOP！NEPvaluesh－reSidualhgninsagainsttheextentofdeligni6cation・  

Theoverallvariationpatternsareverysimi1arbetweenbothpulpingprocesses・Inkraftpulping，thevaluegot  

slightlyhigherintheeariystageofde艮gn娘cation，mainlyduetothefomationofconiferyltypeconjugated  
systemsh・omphenohcβ－aryletherunits，givinghighyieldofNOP21）．Thisobservationisstrikinglysirnihrtoa  

earlystudyonkra氏pulpingofDouglas壷11）・InbothprocessesthevariationsofNOP／NEPwererelatively  

20    40  （；O  

Lignエn ごemOVedl篭）  

80  100  

Fig．5．Relationship between NOP／NEP valuesin re－  

Sidualu如nsandtheextentofde最gn漬cation．  
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Sma邑untilthede物壷cationofabout70％，SuggeStingthat拉gninstructureswerenotchangeddramaticany．  

Afterthat，inthe鮎alstageofdeh卯i鮎ation，thevaluesofNOP／NEPwererapidlydroppedtoaboutO．2．This  

factmeansthattheresidua11ig血inthe丘nalstageisofstructuresquitedifferentfromthoseintheearlystages．  

Therelationshipsbetweenthecompositionsofresidualligninsandtheremovalof近gninareshowninFigs．6  

and7．Inkraftpulpingthenon－COndensedunits（TypeA）weredissolvedslightlyfasterthancondensedunits  

（Type B）．Acid sulate deugnitication also has the same pattern，but the preferentialdissoiution ofnon－  

COndensed units was stoppedin the eariier stage，COmpared to kraft deligniBcation．Highmobiiity of  

non－COndensedunitsinadditiontothedissolutionresistanceofcondensedunitswouldpermit払sterdissolutionof  

non－COndensedunitsintheearlystages．Un班thedehgniAcationreachedabout70％，itseemedthattherewas  

nodramaticdi鮎rencebetweenthedissolutionofnon－COndensedandcondensedunits．Inkraftpu重ping，the  

residualligninshadthestructurescondensedatCα－pOSitionsa氏erabout50％ofligninwereremoved，afterwhich  

thequantityofdiphenylmethanetypeunitsincreaseddramaticauyinthe蝕alstage．Inacidsul鮎epulpingthe  

COndensationatCα－pOSitionsoccurredatabout65－70％deiignitication．Thedelayedformationofdipheny－  

hTlethanetypemoietiesinacidsul鮎epulpingwasprobablyduetothecompetitivereactionofformlngSul払nic  

acidgroupsatCa・POSitions，thuspreventingthereactivesitesfordiphenylmethaneformation．Ontheother  

hand，inkraftpulping，thecleavageofβ－aryletherlinkagesresuitsintheformationofreactiveco再ugated  

structures，prOmOtingcondensationreactionsbetweenunits17－23・24）・However，alsoinacidsu批epulping，the  

residualligninsinthe触aistagehadhighfrequencyofcondensedstructuresatCα－pOSitions．Inthecombination  

analysISOfnucleusexchangeandnitrobenzeneoxidation，theunitsgroupedasdiphenylmethanetypesareof  

orlgina払ynon－COndensedunits22）．Therefore，aboveresultsshowthatinbothpulpingsoriginallynon－COndensed  

unitswereleftinhigh簸・equenCyinpulp．ItwouldbereasonablethatatthefinalstagesofpulplngSWithlowered  

Sul餌eandbisuiAteionsreactivenon－COndensedunitsweresub3ectedtocondensationwi払adjacentphenylnuclei  

atC。－POSitionsratherthantheattackofsul鋸eorbisuuiteions，reSultinginadelayeddissolution．  

Forbothpulhgsystems，COndensedstructuresatCα・pOSitionsbecamem毎orinresidua‖ignins．Abotlt  

55％ofthephenylnucleiwerefoundassociatedwithcondensedstructuresatCα－POSitionsintheresidualugnins  

inbothkraftandacidsul鋸epulpshavingakappanumberofabout35．  
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Westernhemlockのクラフトおよび酸性サルファイト蒸解過程における  

リグニン側線α位での縮合反応  

船岡正光さ匝・VhcentL．CHl餓G＊＊，KariKoLPPO＊＊，DouglasD．STOKKE輌  
＊三盛大学生物資櫛学部，＊＊ミシガンコニ科大学   

Westernhemlockのクラフトおよび酸性サルファイト蒸解過程におけるパルプ残留リグニンの構造変化を定数的に  

追跡した。リグニンベンジル位での縮合反応は，クラフト蒸解過程においてリグニン除去率約50％の時点で開始した  

が，・肌・方酸性サルファイト蒸解では65～70％の時点で始まった。クラフトおよび酸性サルファイトいずれにおいて  

も，パルプ（Kappa価35）残留リグニンの芳香核の55％以上は側組α位縮合構造（ジフェニルメタン剋構造単位）に  

取り込まれていた。   




