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Thechemithermomechanicalpulp(CTMP)paperspreparedfromdifferentEucα卯tusgﾉobulustrees
individuals,whichshowedvariousdegreeofyellowingafterUVirradiation,wascharacterizedbyfocusing

oncompoundsrepressingpaperrecyclabilityusingpyrolysis-gaschromatography(Py-GC)inthepresenceof
organicalkali;tetrabutylan皿noniumhydroxide(TBAH).TwodifferentoriginofCTMPpaperspreparedfrom
differentindividualsofEucα卯tusglo加lustreesshowinghighandlowyellowingafterphoto-irradiation
wascomparedbeforeUVirradiation.Asaresult.Manypolyphenol廿agmentsderived廿ombothligi血and
extractiveswereobservedas30peaksonthepyrogram.Amongthesepeaks,Syringol1+6,methylsyringol
3+11,methylguaiacol4andvinylsyringol7+14wererecognizedasmajorfragmentsrelatingto
photo-yellowinglevelinover5ptsdifferenceofrelativemolaryieldsbetweentwosamples・G-lignin
fragmentseemstoenhancephoto-yellowingalthoughS-ligninfragmentworksviceversa.Theycanbeused
asindicesforpredictionofphoto-yellowinglevel.
Keywords:Pyrolysis-gaschromatography.Massspectrometry,Tbtrabutylammoniumhydroxide,Eucalyptus
gﾉo加lus,Chemithermomechanicalpulp,Carbonylgroup,Photo-yellowing

1.ⅨTRODUCTION

恥cα卯tusisawidelyutilizedspeciesforthetree

tfiaiitation,especiallyintendedforpulpproductionuse[1].

&gIobulusisoneofthefastgrowingspeciesina

temperatezonewithaperiodofrotation8-10years[2].

Thebreedingprogramsoftreesareaimingtoimprove

growth,pulpyieldandstrengthforthepulpproduction
becausetheeliに杜Beselectioncontributesthereduction

ofpulpcostinplantations.

Wehavereportedthatseveralchemithermomechanical

pulp(CTMP)paperspreparedfromindividualtreesofE.

9！obulusshowedhighbrightness(about70%ISO)with

over85%pulpyield[3].Toconstructaneffectivecarbon
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loop,higherpaperrecyclingrateispreferable.The

Stl℃ngthofCTMPpapersdoesnotdecreaserapidly

duringrecycle;however,theCTMPpapersgenerally

haveadisadvantageofseverephoto-yellowing

occurrencebyresidualligninuponphoto-irradiation.The

degreeofphoto-yellowingiscrucialforrecycling
becauseitdeterminesrequirementamountofbleaching

agentsandisexpectedtobepredictedbyligninstructure

analysisbeforephoto-irradiation.

Thecharacterizationoflig【血structurerelatedto

photo-yellowinginTMPpaperbefoi℃photo-irradiation
wasreportedusinghighperformanceliquid
chromatography,Fouriertransform(FT)in丘ared
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spectroscopy[4,5]andFT-Ramanspectroscopy[6]

withoutligninextraction.However,thesespectroscopic

studieshavefocusedonthephoto-yellowingmechanism

andarenotenoughtopredictthephoto-yellowinglevel

ofthepaperafterphoto-irradiation.

Ontheotherhand,pyrolysis-gaschromatography

Fy-GC)hasbeenoftenusedasarapidandhighly

sensitivemethodforstructuralanalysisofu印in[7-111.

Recently,reactivePy-GCinthepresenceoforganic

alkalis,suchastetramethylammoniumhydroxide

[(CH3)4NOH;TMAH],hasbecomeapowerfulmethodto

analyzeligninandwoodextractiveswiththepolargroups.

e.g.,hydroxyandcarbôtygroups,withoutusingany

complicatedpretreatmentsincludingthesolvent

extraction[12-14]・However,thecharacterizationof

ligninstructurehasnotbeenperformedeffectively

becausetheconversionofhydroxygroupintocarbonyl

groupontheringwasreportedduringaconventional

pyrolysis[151.Furthermoi巳,itisdifficulttodetermine

theoriginofmetho期ﾉgroupontheringofthefragment
usingTMAH.

hithiswork,wehavesuccess釦uycharacterizedlignin

structurecausingdifferentphoto-yellowringlevelin

CTMPpMerspreparedfromdifferentindividualsof

Eucalyptusgﾉobulustrees.byPy-GCwith

tetrabutylammoniumhydroxide[(C4H9)4NOH;TBAH],
coupledtomassspectrometry(MS).Here,TBAHasa

buthylatingreagentwasusedtodiscriminatenative

metho期『厚oupontheringfromhydroxylgroup.

2.EXPERIMENTAL

2.1.Samples

TwoindividualsofEucα卵tusgﾉobulustreesusedin

thisstudyweregrowninthesamesiteofWestern

Australia(age9.5)suppliedbyDepartmentof

ConservationandLandManagement,WesternAustralia.

Thewoodchipswerepretreatedwith5%sodiumsulfite

solutionofpH9.9at70Cfor1hfollowingat20*0for
11h.Theprimaryrefiningwasconductedat135Cfor3

minwithpreheatof5minbyadefibrator(Metso
DefibratorTypeD,Helsinki,Finland)。Thesecond

refiningwasbyaPFImill(STFI,Stockholm,Sweden)

usingpulpconsistencyof20%atclearanceofO.Smm.

TheCTMPwassci℃enedbyalaboratoryflatscreenwith

an8cutplate.HandsheetswereprepaiEdbyCTMP

(calledPIandP2)andcuttedoffastripofpaperby
scissorsfortheESRmeasurement,fiirthermore,those

wascryomilledintofinepowdersbyaSpexfreezermill
6,700(Metuchen,NJ,USA)forthePy-GCmeasurement

2.2.ISObrightness

HandsheetsofCTMPwereirradiatedwithUVlight

withanintensityof0.6mW/cm*at365nmfor60min.
TheISObrightnessofsheetsbeforeandafter

UV-irradiationwasmeasuredbyaspectrowhiteness

colormeter(Suga7bstInstrumentsSC-10W,Tokyo,

Japan).

2.3.ESRmeasurement

Preparedpaperswereexposedtoalow-pressure

mercurylampwithanintensityof4jiWｿcm*(at
wavelengthrange290nm～390nm)intheESRquartz

tubefor0～120h.Thedistancebetweenthelampandthe

samplewasabout50cm・ESRspectrawereobservedby

anX-bandESRspectrometer(JEOLJES-TE200,Tokyo,

Japan),operatingat9.5GHzwith100旺返modulationat

roomtemperatureinair.

2.4.Py-GCandPy-GC/MS

TheprocedureforPy-GCisbasicallythesameasthat

describedpreviously[131.Averticalmicrofiimace

pyrolyzer(FrontierLabPY2010D,Koriyama,Japan)was

dii℃ctlyattachedtoaGC(ShimadzuGC17A,Kyoto,
Japan)withaflameionizationdetector(FID).About200

jigofthecryo-milledsamplesbeforeUVirradiationwith

3̂1ofTBAHaqueoussolutionof40%werereactive

pyrolyzedat400*0underaflowofheliumcarriergas.A

metalcapillarycolumn(FrontierLabUltra戸AlloyPY1,
30m×0.25mmi.d.,coatedwith0､25mmof

polydimetylsiloxanethroughchemicalcross-linking)was
used・The50mlmin"'heliumcarriergasflowrateatthe
pyrolyzerwasreducedto1.0mlmin"'atthecapillary
columnbyasplitter(splitratio1:25).Thecolumn

temperaturewasprogrammedfrom50-320Cat5C

min"',andfinallyheldfor20min・Thepeakidentification
wasearnedoutbyaGC(Hewlett-Packard6890,

Avondale,PA,USA)/MS(JeolAutomassS皿200.

Tokyo,Japan)withanelectronionizationsource(70eV),
towhichthepyrolyzerwasalsodirectlyattached.

3.RESULTSANDDISCUSSION

ThechangeofISOb面或tnessbyUV-irradiationat365

nmwasexaminedforeachCTMPpaperpreparedfrom

twoindividualsofE.globulustrees,whichbothpaper
samplesownedthealmostsamebrightnessbefore

UV-irradiation・AsinFig､1,thepapersamplePIshowed
higherbrightnessthanP2afterUV-irradiationandPIand

P2wereusedasthepapersampleshowinglowandhigh
yellowinglevelafterUV-irradiation,respectivel邸

ThechangeofradicalintensitiesbyUV-irradiationwas

alsoexaminedforPIandP2papersamples.Fig.2shows
intensitychangesoftheobservedESRsignalsinthe
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ね
“ Py-GCwithtetrabutylammoniumhydroxide

[(C4H9)4NOH;TBA町.Fig.3showspyrogramsofPI

andP2・Manypolyphenolfragmentsderivedfromboth

ligninandextractiveswei℃observedas30peaksonthe

pyrogram・Thepeaksai℃classifiedintotwogroups.

whicharefragmentswithoutcarbonylgroupnamedas

peakNo､1-20andthosewithacarbonylgroupnamed

aspeakNo.a-j.Table1showstheassignmentofthese

peaksbymeansofPy-GC/MS,togetherwithmolecular

weight,estimatedorigin,relativemolarsensitivityfor

FIDusingtheeffectivecarbonnumberconcept[16],and

relativemolaryieldcalculatedfromthepeakareas.

Estimatedorigincontainssyringyl-(S)and

guaiacylpropane(G)unitsofligninbecause

demethoxylationwouldnothappendu血gpyrolysis

using[13,17].

配
“
飽
釦
巽
鎚
鋼
錘

宕
竪
別
⑲
日
昌
這
○
望

01020”405060

UV-i面目diadontime(min)

Fig.1ChangeofISObrightnessofCTMPpapersby
UVirm胡働侭｡、

一
⑥
－
０
’
一
○
一
口
一
一
ｓ
『
一
口
－
５
’
’
０
－

４
４
３
３
２
２
１
１

倉
冒
弓
争
尋
一
毒
溺
目
昌
冒
弓
巴
曾
眉
冨
冠
“

一
一
一厘
一
画

一
一

一
一

一
一

〆

Table1Peakassignmentandrelativemolaryieldinthepyrogramsof
CTMPpa〆喝byPy-GC/MS.
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UV-irradiatedCTMPpapers・Asaresult,thepaper

sampleP2showedhigherradicalintensitiesthanPIby
UV-irradiationandtheseobservedresultswasinfairlv

goodagreementwiththatobtainedbytheISObrightness.

Therefore,inordertocharacterizeofphoto-yellowing

triggercompoundsrepressingpaperrecyclability,PIand

P2sampleswascomparedbefoi℃UVirradiationby
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Asaresult,syringol1+6,methylsyringol3+11,

methylguaiacol4andv町Isyringol7+14were

recognizedasmajorfragmentsrelatingto

photo-yellowinglevelinover5ptsdifferenceofrelative

molaryieldsbetweenPIandP2samples・G-lignin

fragment,i.e､,methylguaiacol4wasestimatedathigher

yieldinP2sampleshowinghighyellowingafterUV

irradiation.Ontheotherhand,allofS-ligninfragment.

i.e.,syringol1+6,methylsyringol3+11andv町Isyringol

7+14wereestimatedathigheryieldinPIsample

showinglowyellowingafterUVirradiation.Therefore,

P2

IllIl,‘
1626記縄鉛

R域mticntime/mm

Fig.3Pyrogramsoflow(Pt)andhi8h(P2)yellowiiigpotentialCTMPp印画
sampl“叱圃、“at4…bVFmmtheDrcs印ceofTBAH．
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G-ligninfragmentseemstoenhancephoto-yellowing

althoughS-ligninfragmentworksviceversa.Theycanbe

usedasindicesforpredictionofphoto-yellowinglevel.

Furthermore,total10peaks(a-j)wereassignedtoa

seriesofligninfragmentswithacarbonylgroup.

Althoughalmostallofthemrelatetophoto-yellowing

levelpositivelytosomeextent,theyarenmorfragments

andarenotappropriateforindicestopredict

photo-yellowinglevel・Relativemolaryieldsofstilbene

structures(18-20)derivedfromligninshowalmostnc

differencebetweensamples.

4.CONCLUSIONS

Pywithanorganicalkali,TBAHwassuccessfully

appliedtocharacterizephoto-yellowingtrigger

compoundsinCTMPpapersprepared廿omdifferent

individualsEucalyptusglo"ﾉustrees.Theobserved

1℃suitsindicatedthat(1)syringol1+6,methylsyringol

3+11,methylguaiacol4andvinylsyringol7+14were

recognizedasmajorfragmentsrelatingto

photo-yellowinglevel;(2)G-ligninfragmentseemsto

enhancephoto-yellowingalthoughS-lignm住agment

worksviceversa.;and(3)itsyieldcanbeusedasa

indicestoestimatethedegreeofphoto-yellowingfor

CTMPpaper,inturn,toselectelitetreesproducingthe

higherbrightnesspaperwithlessamountofthebleaching

agentsevenduringpaperrecycling.

ACKNOWLEDGEMENTS

TheauthorsappreciateMr.T.Sonoda(OjiPaper)foi

advisingthePy-GCmeasurementsandpeakassignments.

ThisresearchhasbeensupportedbyCRESTofJST

(JapanScienceandTbchnology).

REFERENCES

[1]FAO,"Theglobalforestresourcesassessment2000".

Ed.by(2001).

[2]I.Miranda,M.Almeida,andH.Pereira,For.Ecol

Mb"噸.,149,235-240(2001).

[3]Y.Kojima,S.Isaji,S.L.Yoon,andT.Ona,Eleventh

InternationalSymposiumonWoodandPulping

Chemish乳Nice,France,June11-14,2001;Vol．Ⅱpp
215-218．

[4]D.N､S.Hon,S､C.Clemson,andW.C.Feist,Wooc

配i亜ch.20,169-183(1986).

[5]F.Kimura,T.Kimura,D.GGray,Hb峨緬c加".48,

343-348(1994)．

[6]U.P.Agarwal,andJ.D.McSweeny,J.WoodChem,

姥ch.,17,1-26(1997).

[7]W.Genuit,J．J.Boon,andO・Faix,Analyticai

“e加応か弘59,508-513(1987).

[8]MKleen,andGGellerstedt,･んinal.Appl.B"℃恥奴

19,139-152(1991).

[9]M.C.1brr6n,ML・Fidalgo,A.E.Gonzdlez,G

Ahnendros,andGC.Galletti,.ルinal.Appl.B"℃“な，

27,57-71(1993).

[10]K.Kuroda,andA.Yamaguc皿.X』4"α/.Appl.

ら"℃“な,33,51-59(1995)．

【11]H・Yokoi,Y.Ishida,H,Ohtani,S.Tsuge,工Sonoda,

andT.Ona,Ana“‘124,669-674(1999).

[12]GC.Galletti,V.Modafferi,MPoiana,andR

Bocchini,J.Agric.FoodChem.,43,1859-1863(1995).

[13]J.M.ChaUino喝､X』naiAppムら"℃“な,37,1-13

(1996).

[14]F.J.Gonzalez-､副a,A.Guti6n℃zF.Martin,and工

Verdejo,J.Anal.Applら"℃“な,40-41,501-510(1997).

[15]TSonoda,TOna,H.Yokoi,Y.Ishida,ROhtani.

andS.Tsuge,』極り比αノaemな"弘73,5429-5435

(2001)．

[16]A.D.Jorgensen,K.C・Picel,andV.C.Stanmoudis,

Anal.Chem.,62,683-689(1990).

[17]H・Yokoi,T.Nakase,K.Goto,Y.Ishida,H.Ohtani,S

聡uge,T.Sonoda,andT.Ona,.ぬinal.App1B"℃恥is,

67,191-200(2003).

(ReceivedOctober10,2003;AcceptedOctober31,200:


