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ABSTRACT

The objective of this thesis is to determine possible causes of the darkening of
hydrogen peroxide bleached mechanical pulp over the visible spectrum and their
relative contributions. It focuses on both process conditions and the composition of
the pulp and the dilution water, including additions or losses of material along the
process line from the bleach tower to the paper machine.

A mapping of the optical properties of the pulp along the process showed that
the fine fraction of the pulp darkened more than the long fibre fraction. Simulation
of retention times of different fractions showed that the main part of the fine
material is retained in the paper within a few hours, a small part might circulate
for considerably longer time and may therefore be strongly coloured.

Storage trials were mainly performed using a hydrogen peroxide bleached
mechanical pulp intended for SC paper made of Norway spruce (Picea abies),
sampled on one occasion and stored in a freezer. Unwashed or well-washed pulp
was stored in distilled water or in different process waters. Some complementary
trials were included, e.g. unbleached pulp.

Time and temperature were the process variables that gave the strongest
darkening of the pulp, as expected, both in a clean and a more process-like system,
whereas pH only had an effect in the presence of process waters; the highest
brightness stability was seen at a pH around 5.5-6.0.

The darkening was due to an increase in the light absorption coefficient (k)
beginning at short wavelengths, but after longer storage times the increase in kx
also became noticeable at longer wavelengths. The colour (CIE L% a* b*) of the
pulp changed towards red and yellow, initially more towards red and then more
towards yellow. These changes were clearly visible.
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Washing of the bleached pulp made it less sensitive to storage; possibly due to the
removal of extractives, lignin-like substances, metals and pulp fines. This washing
had little effect before storage and the amount of material removed was small.

The pulp darkened more when stored in process waters compared to distilled
water. Apart from fibres, most of the colour was associated with pulp fines or filler
but some colour was also found in the dissolved and colloidal fractions. At an
increased pulp consistency, the increase in ko was smaller.

Storage in white water from the paper machine gave extensive discolouration
with a shoulder in the absorption spectrum around 550-650 nm, which increased
with time. The addition of ferric ions increased the light absorption coefficient
during storage, but could not explain the increased absorption at 550-650 nm nor
could it be the only cause of the darkening in the mill system. A cationic basic
violet dye gave a shoulder in the absorption spectrum similar to that of the mill
system, but the absorption of the dye did not increase during storage. Model
calculations indicate, but do not prove, that ferric ions together with violet and red
dyes could have played a major, but not exclusive role in the colour observed in
the mill system after storage. The darkening not accounted for, at longer
wavelengths and around 550-650 nm, is suggested to be related to fines and fillers
including dissolved and colloidal substances associated with these particles.

A method to produce representative sheets for determination of optical
properties of mechanical pulps was developed. The new method makes it possible
to follow changes in light absorption and light scattering coefficients over the
visible range of wavelengths. It is approximately six times faster than standard
methods, reduces the risk of additional darkening of the sample and can be used
with small pulp quantities.

The deviation from the expected linear behaviour of the light scattering
coefficient, s, at wavelengths corresponding to strong light absorption has been
studied using the Kubelka-Munk model and the angular resolved DORT2002
radiative transfer solution method. The decrease in s could not be explained by
errors introduced in the Kubelka-Munk modelling by anisotropic scattering.
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SAMMANDRAG

Detta arbete soker mojliga orsaker till morkfargning av vateperoxidblekt mekanisk
massa i det synliga vaglangdsomradet, och vilka som har storst inverkan. Bade
processbetingelser och massans och spadvattnets sammansattning har undersokts,
inklusive material som tillfors eller tas bort langst processlinjen fran blektorn till
pappersmaskin.

En kartliggning av massans optiska egenskaper langs processlinjen visade att
finmaterialet morknar mer an langfiberfraktionen. Simulering av uppehallstider
for olika fiberfraktioner visade att storsta delen av finmaterialet retenderas i
pappret inom ett par timmar men en liten del kan tankas cirkulera i systemet
betydligt langre tid och darfor vara kraftigt morkfargat.

Lagringsforsok har framst gjorts pa en massa uttagen vid ett tillfille och
fryslagrad, en vateperoxidblekt mekanisk massa avsedd for SC-papper, tillverkad
av gran (Picea abies). Otvittad eller véltviattad massa har lagrats i destillerat vatten
och olika processvatten. Nagra kompletterande f6rsok har dven gjorts med andra
massor, t.ex. oblekt mekanisk massa.

Tid och temperatur var som vintat de processvariabler som paverkade
morkfargningen mest, bade i ett rent system och i ett mer processlikt system. pH
hade effekt bara i processvatten, da jamforelsevis stor, den hogsta ljusstabiliteten
erholls vid pH 5.5-6.0.

Morkfargningen orsakades av en Okning i ljusabsorptionskofficient (k).
Okningen bérjade vid korta vaglangder men efter lingre lagringstid sa dkade k
dven vid langre vaglangder. Lagringen kan ocksa beskrivas som en fargférandring
(CIE, L* a* och b*) av massan, i riktning mot rétt och gult, férst mer mot rétt och
sedan mer mot gult. Forandringen i farg var tydligt synlig.

Tvatt av blekt massa gjorde den betydligt mindre kanslig for lagring, troligtvis
pa grund av att tvatten reducerar innehéllet av extraktivimnen, ligninlikadmnen,
jarn och finmaterial. Tvatten hade bara liten effekt fore lagring och méangden
material som tvéttades ut var liten.

Massan morkfirgades mer nar den lagrades i processvatten jamfort med i
destillerat vatten. Bortsett fran fibrer s var den storsta delen av fiargen kopplad till
fines och fyllmedel men viss farg fanns d@ven i de l6sta och kolloidala fraktionerna.
En 6kad massakoncentration gjorde att morkfargningen blev mindre.

Lagring i bakvatten frdn pappersmaskinen gav en tydlig moérkfargning med en
plata i absorptionsspektrum vid ca. 550-650 nm som blev starkare med tiden.
Tillsatts av jarnjoner, Fe (III), gjorde att ljusabsorptionskofficienten ckade vid
lagring, men gav ingen plata vid 550-650 nm. Fe(IIl) racker heller inte for att vara
den enda forklaringen till morkfargningen i fabrikssystem. En katjonisk violett
nyanseringsfdrg gav en platd i absorptionsspektra liknande den som sags i

iv



fabrikssystemet, men dess absorption i det har omradet 6kade inte med lagring.
Modellberakningar indikerar att jarnjoner tillsammans med rdd och violett
nyanseringsfarg kan vara tillrackliga for att beskriva en stor del, dock inte allt, av
den morkfargning som erhdlls i fabrikssystem. Morkfdargningen vid lédnga
vaglangder och i omradet 550-650 nm som inte tidcks av modellen, foreslas kunna
vara relaterad till finmaterial och/eller fyllmedel eller kolloidala substanser som ar
associerade med de har partiklarna.

En metod for att producera representativa ark for bestdmning av optiska
egenskaper har utvecklats. Den nya metoden gor det mojligt att folja andringar i
ljusabsorption och ljusspridning 6ver det synliga vaglangdsomradet. Metoden ar
ca. sex ganger snabbare dn standardmetoder, den minskar risken for ytterligare
morkfargning av provet och kan anvandas med sma méangder av massa.

Det kidnda faktumet att ljusspridningskoefficienten, s, avviker fran forvantad
linjaritet vid vaglangder dar ljusabsorption ar stark har undersokts genom
Kubelka-Munk modellering och den vinkelupplosta DORT2002 "radiative transfer”
modellen. Nedgangen i s kunde inte forklaras av fel i Kubelka-Munk modellen pé
grund av anisotrop ljusspridning.
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