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Abstraet  

InordertoelucidatetheroIcofsyringylmoietiesinkraftdelignilicationofhardwood，kraftpulpingof  

Douglas一角ー（凸捌慮鹿喝射硯湖南疲拍－dsweetgunl（録画血励脚殉職頑如）wascadedout免・om900cto  

a触altemperature of1700cataheatingrate oflOc／n血 Atvarious stagesofdeIignjfication，the  

StruCtureSOfpulpresidua11igniTISWereana！yzedbyacombinationofnudeusexchangeandnitrobenzene  

OXidation．Syringylmoietieswererevealedtoねcihtatethedeligrl漬cationofhardwoodinthefol10wirlg  

manner：（a）Sy血gylunitsinducethe鮎xibiutyo‖igninmoleculebecauseofhighfrequencyofβ・0・4  

血kages．（b）SyringyiunitsareeasilydissoIvedbecauseofnocondensedtypeほnkagesandnoreactive  

Sitesonthenucleiforcondensationreactions・（C）Syringylunitsacceleratethecleavageofβ嶋0－41inkages，  

resultinginaねstdissolutionofbothsyringylandguaiacylunits．（d）Thcassociationofsy血gylwith  

guaiacylunitsreducestheextentofcondensationofBualaCylunitsinprotolignln，aCCeleratingthedissolution  
Oftheseguaiacylunitsduringpulping．（e）Syringylunit＄preVent氏1rthercondensationofguajacylunits  

throughtheぬrmationofgtlaiacyl－Syringyltypeofdiphenyblethanemoieties，  

Keywor（］s：KraftdeligniLication，Guaiacy王nuclei，Syringylnuclei，Lignincondensationreactions，  

Diphenylmethane  

Introduction   

Thecomparisonoftheextentofdissolutionoftotalphenylnucleiorthereductionin紘gnincontenthas  

becomethenomlinthedemonstrationofthedifferencebetweendelign漬cationofsoftwoodandhardwood．  

Usingthisapproach，Cr（ANDandSARKANENl）havecomparedtherateofkraftdeugnihcationofseveralspecies  

withdifferentsyringyトto瑠uaiacyl（S／G）ratiosandfoundthattherateofdelignihcationisdirectlyproportionalto  

the S／Gratio．So毎thisis probabiyone ofthe strongestevidences todemonstrate thattheease of  

deligni＆inghardwoodisduetothepresenceofsyringylnuclei・However，basedonthedissolutionoftotal  

phenylnucleiduringthecourseofpulping，itisnotpossibletomanifestdirectlytheinvoIvementofsyringylnuclei  

inねc此a血gthe血・agmentationofhardwoodljgnlrl・Thedjsso旭3onofsyrmgylmoietieshastobeknown・The  

h・agmentationofhgninisknowntoberetardedbythecompetingcondensationreactions2）formng・forinstance・  

diphenylmethanemoieties・Consequently，itisapparentthatthepresenceofsyrlngylnucleiiscrucia重inboth  

＆agmentationandcondensationreactionsぬどねciutatingtheoverandegradatiof10fhardwood   

Currentpaperrevealstheroleofsynngylnucleiinbothligninfragmentationandcondensationreactions  

AcceptedJujy31，ユ990   
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occurredinkra氏pulpingofhardwood．Thispaperalsodealswithanindepthandquantitativeanalysisonthe  

dissolutionofvariousphenylnucleiandthecondensationreactionsformingdiphenylmethanemoietiesdu血g  

kra氏pulpingofsoftwood（Douglas一員r）andhardwood（sweetgum）・T靂由isdonebycharacteri血gthequantity  

Ofvariousphenylnucleiinresidua柑gnininthepulpobtainedatdifferentstagesofpulping．Thecharacterization  

applies two hgnin degradation reactions，i．e．mcleus exchange and the weuAknown alka肋e nitrobenzene  

oxidationreactions．Thenucleusexchangereactioninvo重vestheuseofborontri鮎orideinexcessphenolandis  

abletoseiectivelyandquantitativelydeaveCINCαlinkagesofphenylpropaneunitsandmethylenelinkagesof  

diphenylmethanetypestructureunits3，4）・Thequantitationofeachtypeofphenylnucleiinresidualpulp最gnins  

iselucidatedatlengthinthenextsection．  

StructuralAnaIysis（げⅠ｝ulpResidualLigninsbyaCombinati（）110r  

NueleusI己ⅩChangean（1NitrobenzeneOxidati（）n   

Abbreviations   

NEP： Nucleusexchangeproducts  

NEPG：Nucleusexchangeproducts免・omguaiacylunits  

NEPs： Nucleusexchangeproductsfromsynngylunits  
NEPGllO：Nucleusexchangeproducts良・ornguaiacylunitsatareactiontemperatureofllOOc  

NEPsllO：NucleusexchangeproductsかomsynngylunitsatareactiontemperatureofllOOc  

NOP： Nitrobenzeneoxidationpl■Oducts  

NOPG： Nitrobenzeneoxidationproducts打omgualaCylunits  

NOPs： Nitrobenzeneoxidationproducts打omsyringylunits  

Hardwoodugniniscomposedofnon－COndensedguaiacyl（Ga），COndensedguaiacyl（Gb）andnon－COndensed  

Syringyl（Sa）units．Whensu毎ectedtochemicalreactions，SuChaskraftdeii邸l漬cation，partOftheseunits  

becomesdissolvedandthenon－dissoIvedunitsundergorearrangements，formingsoca追edresidua＝i鮮血．It  

wass喝geSted2・S・6〉thatdiphenylmethanetypeunitswerethem如rproductsassociatedwithresidua川gninsin  

alkalinepulpingastheresultsofcondensationreactions．Consequently，inresidua＝1ardwoodli鮮血s（Fig．1），  

guaiacylunitscanbeofnon－COndensed（Ga），diphenylmethanetypenon－COndensed（Ga′），diphenyhTlethanetype  

condensed（Gb′），and other type condensed（Gb）．Syringylnucleican be of non－COndensed（Sa）and  

diphenylmethanetypenon－COndensed（Sa′）．Possiblediphenylmethanetypestructures（TypesI－iV）formed  

underalkalineconditionsaresummadzedinFig．26仙10）．Likewise，phenylnudeiinso托woodproto足許血canbe  

Classi鮎dintonon－COndensed（Ga）andcondensed（Gb）gtlaiacylunits．Inresidualso氏woodhgnins，guaiacyl  

units can be ofnon－COndensed（Ga），diphenylmethane type non－COndensed（Ga′），dipheny血ethane type  

COndensed（Gb′）andothertypecondensed（Gb〉units．ThecondensationreactionatC20rC6pOSitionofphenyl  

nucieiisinsigniacantunderalkalineconditionsll）．  

Bycombiningthephenylnucleusexchangereactionandnitrobenzeneoxidation，thequantityofGa，Gb，  

Ga′，Gb′，Sa，andSaltypesofstructuralunitsinresidua‖ignincanbecalculateddirectlyh・OmWOOdand  

puips12－16）．Thenucleusexchangereactionisacombinationofalkyiationanddealkylationreactionsinthe  

PreSenCeOfborontr漬uorideandexcessphenol．Inprinciple，thisreactionauowstheCα－arylcarbon－Carbon  

hnkagesirlthe phenyIpropane units and themethylene肋kagesofdiphenylmethanemoietiestobecleaved   
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selectivelyandquarltitatively．Asaresult，nOn－COndensed（Ga），diphenylmethanetypenon－COndensed（Ga′）  

anddiphenylmethanetypecorldensed（Gb′）guaiacylnucleicanbequantitativelyconvertedintoguaiaco重and  

CateChoIasnucleusexchangeproducts（NEPG，mOl％oftotaIphenylnuclei）．Likewise，nOn－COndensed（Sa）and  

dipheny王methane type non－COndensed（Sa′）syringylnucleiarequantitativelyconvertedintopyrogalloト1，3－  

dimethylether，PyrOgallol－l－methyletherandpyrogallolasnucleusexchangeproducts（NEPs，mOl％oftotal  

phenylnuclei）．   

Inordertoobtainquantitativeyieldsofguaiaco王andcatecholfromguaiacylunits，thereactionhastobe  

cardedoutat1800cforぬurhours17I18ラ．However，muChlowertemperaturesuchasllOOcshouldbeusedto  

Obtainpyrogallol・1，3－dirnethylether，pyrOga追0ト1－methyletherandpyrogalloはomsyrmgylunits．Attempera－  

tureshigherthan130Oc，PyrOgaHoltendstoundergosecondarymodi6cation，lowenngthetotalyieldsof払e  

productsi4事19）．However，thequantityofproductsatllOOc（NEPs110）isonlyafractionofthemaximumyieldof  

NEPsた・OmSyrlngylunits．Consequently，theNEPsllOshouldbemultipliedbyafactorof〃f〃togivethe  

quantitativeyieldofNEPs．BecauseofthesimilaritybetweenguaiacyIandsyringylunitsintheirresponsesto  

nucleusexchangereaction19），theねctorof〃f〃canbeconvenierltlyobtained＆omtheratioofquantitativeNEPG  

yieldobt血edat1800ctoNEPGyieldatllOOc（NEPGllO）．  

（NEPG／NEPG110）＝f  

NEPs（quantitativeyieldofNEPなomsy血卯Iunits）  

＝NEPslユ0×f＝NEPsllOx（NEPG／NEPGl10）  

Sincethereisessentiauynodiphenylmethanetypeofstructuralunitsinprotougnin，thequantityofdifferent  

units（Ga，Gb，Sa）canbeeasilyobtainedusingnucleusexchangernethodalone．   

NEPG＝Non－COndensedguaiacylunits（Ga）  

NEPs＝Non・COndensedsy血訂Iunits（Sa）   

Sweetgum最gninconsistsof61，22，and17moi％ofnon－COndensedsyringyl（Sa），nOn－COndensedguaiacyl（Ga）  

and condensed guaiacyl（Gb）units，reSPeCtively．Douglas戎rlipinconsists of50and50mol％ofnonN  

COndensed（Ga）and condensed（Gb）guaiacylunits，reSpeCtively．However，forresidua‖ignin a氏er kraa  

deugniLication，nOtOnlythenon－COndensedgtlaiacyl（Ga）andsyringyl（Sa）butthedipheny如ethanetypeunits  

（Ga’，Gb′，Sa′）arealsoconvertedtoNEPGandNEPs．Therefore，inordertoobtainthequantityofphenyl  

nucleiassociatedwithDPM＝Ⅴ（Fig．2），thequantitiesofNEP’s血・OmnOn－COndensedunitsGaandSahavetobe  

Subtracted from NEPG and NEPs，reSpeCtively．Consequently，anOther meansis needed to provide the  

informationonthequantityofonlynon－COndensedguaiacyl（Ga）andsyringyl（Sa）unitsinresidua用gnins．This  

Can be achieved by applyhg alka肋e nitrobenzene oxidation reaction，Since this reaction only converts  

non－COndensedguaiacyi（Ga）andsyringyt（Sa）unitsintovaniilin＋vani揖cacidandsyringaldehyde＋syringicacid，  

respectively犯21）．However，theyie重dsofnitrobenzeneoxidationproducts（NOPGandNOPs）donotrepresent  

directlythetotalamountofnon－COndensedguaiacyl（Ga）andsyringyl（Sa）units，reSpeCtively，becauseoftheir  

lowyields22）．Assumingthattheconversionratesofnon－COndensedguaiacyl（Ga）andsyringyl（Sa）unitsto  

NOPGandNOPsinresidualugninsarenotsodi鮎rentfromthoseinoriginalugnins23），thequantitiesofunitsGa  

andSainresidualligninscanbecaiculatedasfoilows：   
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Non－COndensedguaiacylunit（Ga），mOl％，  

＝NOPG／脚OPG／NEPG）。碩n。‡  

NoかCOndenseds画ngylu涙t（Sa），mOl％，  

ニNOPs／（NOPs／NEPs）。l輌11   

ThevaltleSOfNOPG／NEPGandNOPs／NEPs良）rSWeetgumOriginalligninusedinthisstudywereO．68andO．70，  

respectively．ThevalueofNOPG／NEPGforDouglas一級wasO．79．Thek）llowingequationssummarizethe  

Calculationsofthequantitiesofvariousphenylnucleiinorlglnalandresidua重量ignlnS．  

Totalsyringylu血s（Sa＋Sa′），mOi乳＝NEPs  

Diphenylmethanetypesyringylunits（Sa′），mOl％，  

＝NEPsTnOn－COndensedsyringylunits（Sa）  

＝NEPs－（NOPs／0．70）  

Totalguaiacylunits（Ga十Ga′＋Gb十Gb′），mOl％，  

＝100－NEPs  

Diphenylmethanetypeguaiacylunits（Ga′十Gb′），mOl％，  

＝NEPG－nOn－COndensedguaiacylunits（Ga）  

ニNEPG－（NOPG／0．68）  

Othertypecondensedguaiacylunits（Gb），mOl％，  

＝TotalgualaCylunits－NEPG  

Equations3to9areusedforsweetgumlignln．BysubstitutingO．68withO．79，equations3，8and9areusedfor  

Douglas－Lh．1ignin．  

Basesonthetotalodginalsyringyl（Eq．5）andguaiacyl（Eq．7）unitsandtheirquantitiesinsweetgurn  

residual最gnins，thedissoIvedsyringylandguaiacylunitscanbeobta払edbytheぬuowingequations．Assuming，   

GSol＝Totalguaiacylunitsinsolution，rnOl％oftotainucleiinoriginalligmn，  

GOL＝TotalgualaCylunitsinorigina川gnin，mOl％oftotalntlCleiinoriginalugnin，  

GRL＝TotalguaiacylunitsinresiduaIugnin，mOl％oftotalnucleiinresiduallignin，  

RL＝ ResiduこI11igniIleOntenL％ofoLう由nalligninconte11t，  

tllenGSol＝GOL－（GRLxRL％）  

Simiiarly，aSSumぬ唱，  

SSol＝Totalsyrin汐1umitshsolution，mOl％oftotalnucleiinorighalu誹れ  

SOL＝Totalsyringyluriitsinorigina＝ignin，mOl％oftotalnucleiinoriginallignin，  

SRL＝Totalsyringylunitsinresidualugnin，mOl％oftotalnucleiinresiduallignin，  

thenSSol＝＝SOL－（SRLxRL％）  

Basedontheabovetheoryandequations，thequantityofguaiacylandsyringylunitsinbothresidualand  
dissolvedsweetgumligrunscanbeobtained．Thusthedissolutionofthesetwotypesofunitscanbei11ustrated  

andcompared．Furthermore，basedonequations6and8，thequantitiesofguaiacylandsyringylunitswhichare  

involvedinthediphenyhnethanemoietiescanalsobecalculated，reVealingthecondensationmechanismsduring  

kraftpulpingofsweetgum．Likewise，equation8givesthequantitiesofguaiacylunitsindiphenylmethane   
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moietiesofresidualDouglas一級ugnins．   

Intheabovecalculation，itshouldbenotedthatthec（－Saturatedur血s，ifpresent，andtheunits雨thdiphenyl  

etherli血ages are grouped as the unit Gbin guaiacylmoieties，because both units do not glVe NEP－  

Furthermore，COndensed guaiacylunits（Gb），eVenif associatedwith diphenylmethane moieties【Type  

（Gb）－C－Ar］，areCOuntednotasdiphenyImethanetypes，butasothertypecondensedunits（Gb）．  

Experimental   

動画虎物痛感如   

Douglas戎r（Pseudois8qmenEiesii）andsweetgum（Liquidambars妙rac吏伽a）chipswereusedastheraw  

materiais．Thepulpingofsweetgumwasdonewithaliquortowoodratioof5andsul鮎ityande鮎ctivealkauof  

25and14％（asNa20），reSPeCtively，in300mlstainlesssteelautociaves．ForpulpingofDouglas戎r，17％（as  

Na20）effectivealkahwasusedwiththesameliquortowoodratioandsul鎮dityasforpulpingofsweetgum・  

Thirtygramsofwood（0．D．weight）wereusedforeachpulping．  

Fo1lowmgadditionofpuiplnguquOrtOthewoodchips，theautoclavesweresealedandsetasideatroom  

temperatureforlhourtoallowtheliquortoimpregnatethechips．Afterthispreparation，theautoclaveswere  

heatedandoscinatedinacylindricalaluminumblockpreheatedtolOOOc・Aftertheautoclavereached90Oc，the  

rateofheatingwascontrouedatlOc／mintoa蝕altemperatureof170Oc・Pulpingwasmaintainedatthe触al  

temperatureforvadoustimes．Atthecompletionofthepulpingatselectedtemperaturesandtimes，de最gni鮎d  

woodsorpulpswere負1teredoff，fouowedbythoroughwashingandairdrying．Thesamples（woodsorpulps）  

WeregrOundtopass80mesh．Themealswereextractedwithethanoトbenzene（1：2）for48hoursanddried  

OVerP205，  

ね痛南朝〆肌蹴感狛肌‖妙壷（〟押乙）α乃d鹿お門相加αぬ乃〆g加ゎcα托由押～〆紺¢∂dα乃綽弘砂  

AboutlOgram＄Ofextractive－andmoisture－freewoodmeal（80meshpass）wasm親edfor45daysina  

rotatingporcelainjar（0．5galinvolume）half一皿edwithequaトweightoftwodi鮎rentsizes（1／4”andl／2”）of  

stainlesssteeIbaHs．TheisoiationandpuriacationoftheMWL，sweredoneaccordingtoLuNDQUISTeta124）．  

LignincontentofthecookedchipsorpulpswasobtainedbydeterminingKlason日脚inandacid－SOlublehgnin  

COntentSaCCOrdingtoTAPPIT2220m－83andTAPPIUM250，reSpeCtively．TheproceduresofJo11NSONet  

al．25）andMARTON26）forthedeternmitioぬofacetylbromidehgninwerefouowed．  

BasedontheelementalanalysisonthesweetgumandDougla＄－arMWL’s，theempiricalformulaeperC9  

unitwereC9H8．0003．08（OCH3）l．56forsweetgumandC9H9．0003．2ヰ（OCH3）0．84forDouglas戎ど．   

タゐe叩～揮祝C～g〟ざg方Cわαタ堺柁αC加ゎ3，18）  

Thedegradationreagentwaspreparedbymixing19parts（byvolume）ofphenol，10partsofxyleneand4・5parts  

ofborontriauoride－phenoIcomplex．About28mgofextractive－andmoisture－freewoodmeal（80meshpass）  

andlmiofthereagentwereplacedandsealedintoal．5mlstainlesssteelautoclave．Theautoclavewas  

heatedat1800rllOOcfor4hoursinarockingaluminumblock．Afterthereaction，theautoclavewascooledto  

roomtemperatureandthereactionmixturewastransferredquantitativelyintoabeakerwithethylether・A  

knownamountofhternalstandard（dibenzylinbenzene）wasadded．Etherinsolublematedalswere批eredand  

washedwithethyIether，The餌rateandwashingwerecombinedinaseparatoryfunneltowhichsodium   



王ミoleofSyringylMoietiesinKraftDelign漬cation  29  

Chloridesaturatedwaterwasadded．ThefunnelwasshakenvlgOrOuS量ybrafewminutesandallowedtosetbr  

about20minutes．Thiswasrepeated3times．TheetherlayerwasseparatedandconcentratedtoaboutlO  

mlby租mevaporation・Theethersolutionwasdriedoveranhydroussodiumsulhteovernight．FiftyF‘lofthe  

ether solution was transferredinto a smallreaction vialto which a f6w drops ofpyridine and O．1rnlof  
N，0－bis（trimethylsilyl）acetamidewereadded．Å托eronehourderivatizationreactionatroomtemperature，the  

TMSderivativeswereanalyzedquantitativelyuslnggaS Chromatography．AHewlettPackard5890AGas  

Chromatographequippedwithacomputerizedintegrator（HP9122＋HP3393A）wasused．Theseparationwas  

Carriedoutona50mcrosslinkedmethylsiliconecapinarycolumn（HewlettPackardHP－1，50mxO．2mmxO．33  

Fm）andanFIDwasusedasdetector．After14minutesat1700c，血ecolumntemperaturewasraisedto180Oc  

atarateof50c／min・After8minutesat1800c，thecolurnnwasagainheatedtoa触altemperatureof2700cata  

rateof300c／min．The輌ectoranddetectortemperatureswere250and2750c，reSpeCtively．Heuumwas  

usedasthecarriergas，  

A級威ぬ＝祓如血雛甜那用扇血南川  

Extractive－andmoisture－＆eewoodmeal（10mg，80meshpass），2Nsodiumhydroxide（0．8ml）andre－distiued  

nitrobenzene（0．O5ml）wereplacedinastainlesssteelautoclave（1．5mlinvolume）andheatedat170Ocina  

rockingaluminumblockfor3hours．Afterthereaction，themiⅩtureWaSeXtraCted3tirneswithethylether．  

Totheaqueoussolution，aknownamountofintemalstandard（2，6儀dimethoxyphenolindioxane）wasaddedand  

thenacidi魚edtopH2with18％hydrochloricacid．Theacidicsolutionwassaturatedwithsodiumchlorideand  

extracted3timeswithethylether．Theethersolutionwasthendriedoveranhydroussodiumsulfateovemight．  

After the evaporation ofethylether，the products were converted to their trimethylsilylderivatives with  

N，0－bis（trimethylsiiyl）acetamidehpyridineandanalyzedbygaschromatography．Thesamegaschromato・  

graphsystemasdescribedabovewasused．However，thecoiumntemperaturewas1600cinitiauyandwas  

raisedafter14minutestothe鮎altemperatureof2700catarateof5Oc／min．  

Resulもsand Discussion  

Thesweetgumusedinthisstudyhadasyringyl－tO－guaiacylratio（S／G）ofl．6（Eqs．5and7）．1lowever，  

uniikemostoftheotherstudies，thecurrentmethodisquantitativeandabletousewoodmaterialswithintact  

物血structure．Thus，thevalueofl．6isthetrueratioofsyringyl－tO－guaiacylcontentsanddiffersh・Omthe  

COnVentionalsyrhgaldehyde－tO－Vaninin（S／V）ratio．  

Basedonequations5and7，theS／Gratiosofresidualligninswereobtained．Likewise，aCCOrdingto  

equationsllandlO，SSol’sandGSol’swerecalculated，reSpeCtiveIy，andtheirratios（SSol／GSol）represented  

thecorrespondhgS／Gratiosofdissolvedlignin．TheS／GratiosofresiduaianddissoIvediigninsaswellasthe  

S／VratiosofresidualhgninsaregiveninTablel．Asindicatedinthis丘gure，theS／Gratiosofresidual物血s  

Were，ingeneral，ratherconstantduringtheheaトupperiod．However，therewasadramaticdecreaseofS／G  

Valuesfrom140to1700c－10min，Sugge＄tingthatamaJOrPartOfthesyrlngyiunitswasdissolvedatthispoint．  

ThesetypesofquantitativeinformationcanonlybeobtainedbythectuTentmethod．TheconventionalS／V  

ratiosfbrmoditiedhgninsarenotquantitativeandmisleading，Sincethesevaluesrevealtherelativequantitiesof  

Onlynon－COndensedphenylnuclei．   

Duringearlystagesofpulping（beiow150Cc），thetotalugnindissolutionpattemswereaboutthesame   
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Tablel．S／GRatiosofresidualanddissoIvedlignmsandconventionalS／Vratiosofresidual  
Jigllinsdurillgkr；lftpu）pingofs、VCet糾I11  

S／G＊1  conventionalS／V＊2  
Samples aIlalyzed 

ResidualLi如n  Dissolved Lignin Residual Lignin 

2．82  1．6  Originalwood   

at  

llOOc，Omin  
1200c，Omin  
1300c，Omh  
1400c，Omin  
1500c，Omin  
1600c，Omin  
1650c，Omin  
1700c，Omin  
1700c，10min  
17げC，20血n  

1700c，30n血  

1700c，60m玩  

1700c，120min  
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＊1calculatedfromnucleusexchangeproducts（NEP）Totalsyringylunits／Totalguaiacylunits  
率2calculatedfromnitrobenzeneoxidationproducts（NOP）  

（Syringaldehyde＋Syringicacid）／（Vanilhn＋Vaniilicacid）  

betweenthesetwospecies，aSShowninFig・3・AccordingtoGIERERlO），themainugnindegradationreactions  

du血gthisperiodofpulpingarethecleavageotphenolicα一andβ－arylether血kages・Consequently，thesimilar  

hgnindissolutionpatternbetweenkraftpulpingofDouglas一紋andsweetgurnintheearlystagesofptllping  
suggeststhattheftequencyandamountsofphenolicα一andβ－arylether血kagesareaboutthesameinthese  

species，Above1500corduringthebullくPhasedeligni魚cation，thedissolutionofsweetgumligninproceeded  

muchfasterthanthatofDouglas血Iignin．Sincethecleavageofarylglyceroトβ・arylether昆nkagesisthemain  

reactioninthebulkphasedeugnificationlO）andthehighfrequencyofthesetypesoflinkagesisassociatedwith  
syringy量units27），thefastdissolutionofsyhngylunitsisexpected・AsshowninFig・41intheearlystagesof  

puIpingofsweetgtlm（110to1400c），thedissolutionofoneguaiacylunitwasaccompaniedbyaremovaloflA  

syringylunits．Inthemainportionofthebulkphasede最gniacation，eVeryremOVaiofaguaiacylunitresultedin  

dissolutionof3syringylunits．These丘ndingswereingoodagreementwithmodelcompoundstudieswhich  

showedthatthepresenceofsyrhgylunitsinary塵giycerol－P－arylethermoietiesprovidesa2to4timesfaster  

hydrolysisoftheseether血kagesinalkalithanthehydrolysISOfthelinkagesconnectingonlyguaiacylunits28・29〉  

Itis t量1erefore conceivable thattheinvoIvementofsyringylnucleiinguaiacyトsyringylligninfaciiitates the  

deavageofβ・aryletherlinkagesandthusthedissolutionofsyringylasweIlasguaiacylnuclei・A刃theabove  

Observationssuggestthatwiththeaidofsyringylnuc払thedissoiutionofguaiacylunitsirlpulphlgOfhardwood  

shouldproceed払sterthanthedissolutionofgualaCylunitsinsoftwoodpt11ping・ThisisclearlyiliustratedinFig・  

5．Thedissolutionofguaiacylunitsinpulpingofsweetgumindeedproceededfasterthanthedissolutionof  

guaiacylunitsinpulpmgofDouglas戎rduringtheinitialandparticularlythebuu（phasedeugni鮎ations・Therate   
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Fig・5・Dissolutionoftotalguaiacyl（G）unitsduringkraft Fig．6．Dissolutio110fnon－COnderlSed guajacyl（G）units  
PulpingofsweetgumandDouglas－fir．  duringkraftpulplngOfsweetgumandDouglas－fir．  

OfdissolutionofsweetgumgualaCylunitsbecamelowerthanthatofdisso靂utionofDouglas－＆guaiacylunitsonly  

inthe触alphaseofde揖gnificationstartedafter20mimlteSat170Oc．Thisissimplyduetothefactsthat（a）at  

thisstage（170Oc，20min），OVer96％ofthesyringylunitswereremovedfromtheresidualpuiphgnin，aS  

hdicatedin Fig・4and（b）lowalkalinityin pulping of sweetgum as cornpared to Douglas壷pu慮pin㌔0）．  

Consequently，thedeugn漬cationofresidualsweetgumhgninafter20minutesat170Ocwasessentia11yacaseof  

deli邸1ifyingsoftwood－1ikeugninwithlowa敗alinity．   
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Inordertofurthercomparethedi鮎renceindissolutionofgualaCylunitsbetweenpulplngOfDouglasJirand  

sweetgum，thesetlnitsaredividedintonon－COndensed（Ga），diphenylmethane（Ga′andGb′），andcondensed  

（Gb）types．Fig．6揖ustratestherelationshipbetweenthequantitiesofnon－COndensedguaiacylul雨s（Ga）in  

residualugninsandpulpingtimes．Thedisappearanceofnon－COndensedguaiacylunits（Ga）proceededina  

rathersimilarpattembetweensoftwoodandhardwoodpulping．However，duringthebulkphasedeugni鮎ation  

（startedh・omarOund1400c）afasterrateofremovingnon－COndensedguaiacylunits（Ga）inpulpingofsweetgum  

WaSObserved．Themostsigni鮎antdiだerencebetweenkraftpulpmgofDouglas一触andsweetgumwasinthe  

払rmationanddissolutionofconderlSedunits．AsshowninFig．7，COndensedguaiacylnuclei（Gb）insweetgum  

dissoIvedrapidiyintheinitialandbuu（PhasedelignincationandthedissolutionbecameinefEectiveatthepoint  

（1700c，30min）where90％oftheseunitsweredissolved．However，inthecaseofDouglas一触pulping，the  

quantityofcondensedguaiacylunits（Gb）inresidua‖igninswasessent主auyunchangeddtlringearlystagesof  

pulping（90to1300c）（Fig．7）．TheremovalofDouglas一触ugninintheearlystagesofpulpingisdueentirelyto  

tlledissoIutionofnon－COndensedunits（Fig．6）tllrOughthecleavagesofphenolicα－and／？－aryletherlinkages．  

Thisimphesthatthephenouca－andβ一aryletheriinkagesaremainlyassociatedwithnonNCOndensedguaiacyl  

unitsinDouglas一飯Iignin．Thedissolutionofthecondensedunitsbecameeffectiveonlyattemperatureshigher  

than1400c．consequently，thedifference between pulpingofDouglas一触and sweetgumindissolutionof  

guaiacylunitsduringearlystagesofdeugnincationwasthatbothcondensedandnon－COndensedgtlaiacyluintsh  
SWeetgumlignin were dissoIved rapidly，Whereas only the dissolution ofnon－COndensed gualaCylunitsin  

Douglas－tirlignin＼VaSeffective．  
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Fig．8．SyringylcontentsoftheresidualsweetgumlignlnS  
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0 20 40 60 80 100120140160180200 220  

でまme くmin）  

Fig．7．DissolutioI10fcondensed guaiacyl（G）units and  

theformationanddissolutionofdiphenylmetllarle  

（DPM）moietiesduringkraftpu王pingofsweetgum  

andDouglas一触．  

Inpulpingofsweetgum，thediphenyhnethanetypemoieties（Ga′，Gb′andSa’）were払rmedalreadyatthe  

earlystages（110－140ウc）（Figs．7and8）．Theformationofdiphenylmethanetypemoietiesatsuchearlystages  

couldbeattributedtotheinvoIvementofsyringylnucleiwithinthelignlnmOlecu重e．TheinvoIvementofsyringyl   
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unitsmakesthehardwood馳頭nbecomelesscondensed．Thischaracteristicandthehigh育equencyofP－0－4  

血kagesthatassociatedw仙sy血gylunitsinducethe鮎xibihtyofthehardwoodti鮮血．Furthermore，the  

PreSenCeOfsyringylunitsinarylglycerol－P－arylethermoietiesalwaysfhcilitatesthealkalinehydrolysisofβ・0－4  

unkagesinthetemperaturerangeofllOto1400c28129）・Consequently，duetothe鮎Ⅹibi批yofhardwoodligmn  

andtotheimpelledcleavageofP・0－41inkagesformingco河ugatedmoietiesinresiduallignins，thecondensation  

reactionswerefacilitatedatanearlystage．BasedonthefactthatthequantitiesofbothguaiacyI（Fig．7）and  

Syringyl（Fig．8）unitsthatwereassociatedwithdiphenyimethanemoietiesreachedthemaximumat1500c，the  

diphenyhTlethane type units fbmedduringthe earlystages ofpulpingshouldconceivablyconsistofmainly  

guaiacyトsyringylmoieties，Thequantityofguaiacylunitsthatwereassociatedwithdiphenylmethanemoieties  

decreasedrapidlyafter1500c（Fig．7）．Thisdecreaseismost此elycausedbythedissolutionofguaiacyl－  

Syringyltype diphenylmethane units because diphenylmethane type syringylunits（Sa′）also decreased  

dramatica11y（Fig，8）．Thisis possible since the phenylnuc蔓eiin guaiacylNSyringyltype［（Sa′）－C－（Gb’）〕  

diphenyhnethaneunitsarenotcondensedtoanyotherunits，makingtheseunitsalkaii－SOluble．A氏er1600c，the  

quantityofguaiacylunitsindiphenylmethanetypemoietiesincreasedsughtly丘rstandthendecreasedslowlyas  

pulpingproceeded（Fig．7）．Theslightincreaseindiphenylmethanetypeguaiacylunitsかom160to1700c  

indicates the formation of guaiacylrguaiacyltypes of diphenylmethane structuralunits．Thisisin good  

agreementwiththeobservationthattheformationofdiphenylmethanetypeunits（Ga′，Gb′）inDouglas一級  

pulpingoccursat170Dc（Fig．7）．Thediphenylmethaneunitsinresidualsoftwoodligninscanbeofguaiacyl－  

guaiacyltypes．The（Ga′）－C－（Gb′）typesofdiphenylmethanemoietiescanbefurthercondensedwithother  

units．Allthese dipheny加ethane type units remaininsoiuble as pulpingproceeds（Fig．7）．Nodipheny－  

lmethanetypesyringylunitwasdetectedinresidualsweetgumpulpiigninattheendofpuIping．   

After2壷ourpulpingat1700c，theresidualsweetgumiignin（atkappa～20）consistedof66and26rnol％  

guaiacylunits（Ga′，Gb′）thatwereassociatedwithdiphenylmethanetypemoietiesandothertypesofcondensed  

guaiacylunits（Gb），reSPeCtively．TheresidualDouglas愈貼gnin（atkappa～30）consistedof54and37mol％of  

diphenylmethanetypeguaiacylunits（Ga’，Gb′）andothertypesofcondensedur武s（Gb），reSpeCtively．  

C川Il：lllSiollS  

In order to elucidate the role ofsyrlngylmoietiesinkraftdeli騨i鮎ationofhardwood，the dissolution  

PatternSOfvariousphenylnucleiduringkraftpulplngOfDouglas戒randsweetgumwerecompared．   

ThepresenceofsyringylunitsinarylglyceroトP－arylethermoietiesfhcnitatesthecleavageofβ一0－41inkages  

and theL■efore the foLl11ation of conjugated moieties which o仔er reactive sites for condensation reactions．  

Conseqnently，during pulping of sweetgum，the condensation reactions occur already at early stages of  

deligni＆cationfomingdiphenylmethanemoietiescontainingsyringylunits．However，thesetypesofdipheny－  

lmethaneunitsbecomecompletelydissolvedwithoutthenecessityofcleavmgmethylene払nkagesintheseunits  

a氏erpulpingat1700cfor30minutes．Thisisduetothat，鮎st，auSyringylnudeiareofnon－COndensedtype  

and，SeCOndly，theinvolvementofsyringylunitsinthesemoietiespreventfurthercondensationbetweensyringyl  

nuc）ei；lndotherunjtssincethereisnoreactivesiteonsyringylnucIeiunderalkalineconditions．Carbon－Carbon  

hkagesarepossibleonlyonpropaneside－Chainsofsyringylunits．Withoutthepresenceofsyringylunits，the  

diphenylmethanemoieLiesinlleSidualDouglasqfirligninsIIemainedinsolut）leafterthequantityofthesecondensed  
unitsreacheditsmaximtlmat1700c．   
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Thatis，theinvoIvementofsyringylunitsfaci批atesthede最gni鮎ationofsweetgum毒nthek）uOwingmanner：  

（a）Syringylunitsinducethenexibutyofligninmolecule，becauseofhighなequencyofβ－0－4王inkages．（b）  

Syringylunitsareeasuydissolvedbecauseofnocondensedtype血kagesandnoreactivesitesonthenucleifor  

COndensation reactions．（C）Syrhgylunits accelerate the cleavage ofβ－0－41inkages，reSultingin a fast  

dissolutionofbothsyringy呈andguaiacylunits．（d）Theassociationofsyringylwithguaiacylunitsreducesthe  

extentofcondensationofguaiacylunitsinprotolignin，aCCeleratingthedissolutionoftheseguaiacylunitsduring  

Pulping．（e）SyringyIunitspreventfurthercondensationofguaiacylunitsthroughtheformationofguaiacyト  

Syrmgyltypesofdiphenylmethanemoieties．  
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広葉樹クラフト脱リグニンにおけるシリンギル単位の挙動  

船岡 正光＊・VhcentL．CⅢ卿G糾  
＊三盆大学生物資源学部，輌ミシガン工科大学   

広葉樹クラフト脱リグニン過程における構成シリンギル単位の役割を明確にするため，Doug】as一触およびSweeト  

糾mのクラフト茶解を行なった。パルプ残留リグニンの構造をリグニンを単離することなく窟螢的に解析し，パル  

プ化過程におけるリグニンの組成変化を爾樹樵問で比較検討した。クラフト蒸解における針葉樹および広葉樹！ヲ§】の敢  

も濃紫な亜違は，縮合覿単位の生成と溶出にあることが明らかとなった。シリンギル単位はリグニン分子にフレキシ  

ビリティーを与えること，また，シリンギル…グアイアシル塑ジフェニルメタン縮合構造の形成を通して，グアイア  

シル単位の高度な縮合を阻止することが示された。   




