Elucidating the Formation and Chemistry of Chromophores during Kraft Pulping (2004)
A Dissertation by Thomas J. Dyer

Abstract:Research@fforts@n@heBulpEnd@paper@ndustrythave@ocused@®nRailoringfinit@perations@EndX
product@roperties®o@nvironmental@egulationsEind@hanging@narket@emands.@DverhelpastBeverald
years,Browingi@oncerns®verthefise®fithlorineBind@hlorine-containing@hemicalsthavedorced@helpulpk
and@aperndustry®oailorleaching@rocesses@othave@ninimal@mpact®nEheFEnvironment.AVoodR
utilization@racticesthaveilso@omeRoRheesearchForefront@shevailability®f@ndzccessibility®ol
inexpensiveibers@vill@liminish@n®hedong@un.mMMoreecently,@esearch@ffortsthavefocused@nRailoringf
fiberproperties@oBpecific@ndAises.BARonsiderableEmount@®fEttentionthasteen@iven@oReveloping?
methodsEodaptiulpHiberBtrengthBindBurface@ropertiesfor@his@ause.lHowever,GulpBroductionl
utilizing@helkraftBulpingBbrocessEddresses@nany®fdheihysicalBtrength@roperties®hatzre
concern.Mespitelhis,Bnereahatthasthoteceived@ERonsiderableBxmount®fEttentionthasibeent
tailoring®ptical@properties®oBpecific®ndAises.EThefroduction®Df@lark@olorediulps@EromiEheikrafti
pulping@rocessthasibeeniproblemBince@helnception®fEhisEechnologyd@nF 879byE.F.Mahl.2

This@esearch@roject@vasonsequentialdn@urtheringthe@undamentalknowledge®f@hromophorel
formation@uringtkraftBulping.An@his@esearch,@Enethod@vas@eveloped@o@btain@he@hromophorel
content®fignocellulosicinaterialsiased@BniheilutionBulp@nethod.Erhis@neasurementdsnownzsk
the@otal@isibleEbsorption®DfEhe@naterialEndistbaseddnEhebsorption@oefficient.BABecondi@nethod?
was@leveloped@ndBhownofbe@ommensurate@n@neasuringhe@hromophore@ontent@fl
lignocellulosic@naterials.mThis@nethoddsEknown@s@Ehehromophoredndex@nddsibased@BnEheEubelka-
Munk@emissionfunction.frhese@ethodsBhowed®hat®hebrightnessisthotERB uitable@neasure®fEhel
chromophore@ontent®filignocellulosic@naterials.

Kraft@ulping@xperiments@vere@arried®ut@t@aryingdevelsifEffectiveilkali,Bulfidity,Band@Enaximume
cookingltemperaturefitilizing@@entralRomposite@esign@vithEhe@Eoalbf@etermining®he@mportance X
these@ariables@®nEhe@hromophore@ontent@®fikraftiulps.tThe@ffectiveilkaliGindBulfidity@verel
statistically@ignificant@vhile@he@naximum&ooking®emperature@vasihotBtatistically@ignificant@tEhel
95%onfidencellevel . BAAowEA,thighBulfidity@ondition@esulted@n@Ghigh@ulp@hromophorendex@vhilel
athighA,HowBulfidity@ondition@esulted@n@Edow@ ulp@hromophorefndex.@Hexenuroniccids@naythavel
atole@n@hromophoreformation,ut®here@vastho@lear@elationship@vith@he@ulp@hromophoreindex?
in®his@tudy.BAlthough@arbohydrates@may@ontribute@o®he@hromophorendex,Ehis@vas@hotBurprising?
sinceheirontribution@o®helverallhromophoreRievelopment@uringtkraft@ulping@s@resumablyX
small.BThe@xtractivesthad@Bignificant@mpactnEhepulp@hromophorendex.BHowever,&heir
contribution®o®helverall&hromophoric@ontent®fthelkraft@ulpsfised@nhisBtudydsdikely@mall.?

Furthernvestigation®lucidated®@he@nechanism@f@hromophoreformationEnd@emoval@uringtkraft
pulping.FABeries®fthighBnddow@hromophored@ndex@ulps@vith@aryingdignin@ontentsd3-22%)@verel
examined@Endfound®o@ary@FEreatly@niboth@hethexenuronicnd@arboxylicBcid@Eroup@ontent,
indicatingfthat®hese@ulps@aried@rastically@nihysicalind@hemical@roperties.Lhromophores@verel
removed@tFasterFateForkraft@ulpsiproduced@inder@high®EA,HowRulfidity@ondition®hanHorzHowe



EA,thighBulfidity@ondition.ErTheEmount®fBodiumhydroxide@onsumed@uring@®hebkraftook@vas@oundr
totbefinearly@elated@ohe@ulp@hromophorei@ndex.frhe@hemistry@®f@hromophoreformationdsikelyr
related@o@he@hemistry®fEhednitialphase®fkraftipulping.Aower@nergydlonger@Bvavelength)a
chromophores@vereormeddniulpsiroduced@romAowEA,thighBulfidity@onditions@vhen@ompared@ol
thosefrombhighEA,HowBulfidity@onditions.:

Potential@hromophoresinkraftiulps@vere@xamined@hroughBdvancedNMRREndRV/visE
techniques.rhisBtudyilsofprovided®hefirst@irect@vidence®hat@esidualligninds@esponsiblefor@hel
majority®fthe@hromophoriciropertiesflinbleachedikraft@ulps.frheesults@fEhis@esearchBhowed?
that@uinones,@atechols,biphenyls,End&arbonyldunctionalities@ontribute@o®he@hromophore@ontent?
oftkraft@ulps.@nEddition,Bubstituents@n@hese@hromophores@anthaveE@etrimental@mpact®nihel
final@hromophoric@roperties®flinbleachedkraftulps.?

Thelinfluence®f@ransitionEnd@lkaline@Earth@EnetalsBn@he@hromophore@ontent®flinbleachedikraftl
pulps@vasilso@®Examined.BARoldEcidEreatment@vasiperformed®oliberate@netal@ationsEnd@etaink
hexenuronicicids.frhisBtudyindicated®hat@®heBulp@hromophorelindex@ecreasedBignificantlyEs@EE
result®BfEnetals@emoval.fTheold@cid@reatment@id@hot@emovelidbfEhe@hromophoresinihel
unbleached@ulps,@ndicating@®hatfunctionalities@therEhan@EnetalsBre@esponsibleor@nore®hanE 0%
the@olor®fAinbleachedkraftiulpsEt@EBOkappathumber.BA@nechanismAorEheformation@mfidhel
chromophoresi@emovediby®heioldzcid®reatment@vasiroposed.trhelajority@fthedossAnE
chromophorendex@vasccountedforiby®hedoss@n@hreelifferentlkaline@arth@etals.BAcidzEnd?
chelation@reatments@®n@voodhips@verelsolnvestigatedzsiossible@eans@o@liminate@netal@ations
beforetkraft@pulping.fTheseBtudiesndicated®hat@Xhelation®@reatment@vas@nore@ffective@t@emoving?
metals@han@n@cid@reatment@BtEhe@ame®emperature.fThese@esults@lsodndicated®hat@Enetalsl
removal@rior®okraftulping@anthave@Bignificant@mpact®nEheRhromophoriciproperties@fE
unbleachedtkraft@ulps.?

Thelinfluence@®fRertainGulpingEdditivesBnEhe@hromophoriciroperties@bf@linbleachedraft@ulps@vask
alsofnvestigated.EThe@hromophoriciroperties®folysulfidedPS),EnthraquinonedAQ),®PS/AQ&ANdE
normalraft@ulps@vere@Examined.frheR@lataBuggested®hat@P S ulpsthad@@owerhromophorelindex?
thanZhetherpulps@nhisBtudy.fTheesidual@nd@issolvedikraftdignins@veresolatedznd?
characterized®mployingfdvancediNMRENnd@lifferential@onization@V/visBpectroscopy.Differentiald
ionization@V/visBpectroscopylindicatedBnAncreased@mount®fRonjugatedBnd@inconjugated?
phenolicsAn@heRissolvedkraftiignins,Bvith@S/AQRissolvedikraftiigninthaving@he@Ereatest
concentration®f@onjugated@nd@inconjugatedi@phenolics,Followediby®S,FAQREANdRonventionalkraftl
dissolveddignin.Brhe@ifferentialdonization@V/visBpectra@verelsoditilized®oRharacterizeBome®fdhel
chromophores@presentdn@esidualEnd@lissolvedikraftiignins.frhe@ataBuggested@hat@henolic@-
carbonylBtructures@orrelated@vell@vith@he@hromophorefndex@BfEheFourulps@nvestigatednd@nayl
be@&riticalffactorfin@etermininghe®verall@olor@®riolor@ifferencesibetween@onventionaltkraft,?
polysulfide,B@nthraquinone,Bnd@®S/AQraft@pulps.B

Methods@verelsolinvestigated®oritheirfeasibility@n@educing@rliminating@he@hromophore@ontentl
ofivood.[ThisEesearchi@itilized@EHaccase@retreatment®f@vood&hipsEo@estroy@ossible@hromophoric



anddeucochromophoric&tructuresiriorotkraft@ulping.frheseBtudies@vere®heirstEheirtkindiEnk
demonstrating@hel@potential®bfilaccase-mediatorBystemssipretreatment@odmprovekraftipulping?
properties.fThelfl-hydroxybenzotriazoleio-pretreatmentsthad®he@reatest@mpact@®nikraft@ulping,i
enhancinglelignification@vhile@oncomitantly@ncreasingiulping®ield.fTheseBbretreatmentszisol
improved@he@hromophoric@ropertiesfithe@inbleachedikraftiulpselative®oEhe@onventionalkraft®
pulp.B@

AdditionalBtudies@vere@erformedaltilizing@everal@®xidativeEnd@eductive@hemistriesfised@ol!
eliminatehe@hromophoric@nddeucochromophoric®tructuresiriorotkraft@ulping.frheseBtudies?
showed®hatBlkalinethydrogenieroxide,Bodiumiborohydride,End&helationBretreatmentsffectively
reducedi@helulp@hromophoreindex.BMechanismsibehind®ach@retreatment@vere@roposed.Different?
pulpingtonditionsFielded@ifferent@esponseso®heselretreatments.Generally,®RheldowRffectivel
alkali,thighBulfidity@onditionsFielded@Bbetter@esponseo®he@retreatments@han@Ethigh@ffectived
alkali,dowBulfidity@ondition.EThisfsBerhaps@ue®o@helfhigherfinetals@ontentEnd@Enrichment@f?
hydroxyl-substituted@arbonyl&tructuresin®hedowiffectivelkali,thighBulfidityG®ulping?
conditions.BMultiplefretreatments@ecreased®he@hromophorefindex@o@Ereater®xtent®han@Binglel
pretreatment.fHowever,@he@xtentDfthis@eduction@vas@lependent®n@helulping@ondition,@vithEhel
lowffectivelkali,thighBulfidityGulpsthaving@heEreatest@esponseohe@nultiplel
pretreatments.@verall,®hesefretreatments@nay@rovide@urthernsight@ntoEhe@ausesHork
chromophoreormation@luringtkraft@ulping.:



