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A method for bleaching pulp

The present invention relates to a pulp bleaching process. More specifically,
the invention relates to the use of amine as a catalyst in bleaching.

Background

In chemical pulping, wood chips are digested with the aid of a chemical solu-
tion to solubilize a portion of the lignin therein effecting the removal of the lig-
nin. Typically, these digestive procedures comprise sulfite, sulfate (Kraft), soda
and modified sulfite processes. Digestion takes place either in a continuous
mode or in a batch digestion process.

Once the wood chips have been digested, the resulting pulp material is gener-
ally dark coloured cellulose fibres, namely brown stock. This material is called
unbleached pulp. The dark colour means that not all of the lignin has been re-
moved during digestion and that the remaining lignin has been chemically
modified. The pulp suspension coming from the digestion process contains
dissolved organic material and used inorganic cooking chemicals. The goal in
brown stock washing after the digestion is to recover as much dissolved organ-
ic substance as possible for energy production and as much of the valuable
inorganic chemicals as possible for regeneration with a minimum amount of di-

lution.

By removal of lignin the wood fibers are allowed to separate from each other in
order to enable the formation of a fiber web. The bleaching is needed to further
increase the brightness of the pulp. After washing the first bleaching stage is
typically oxygen delignification, where oxidized white liquor or/and sodium hy-
droxide is used for delignification. In the modern fibre lines knotting, screening
and washing are performed after the oxygen delignification. The filtrate from
the washing after oxygen delignification is used as a washing liquid in brown
stock washing i.e. counter-current washing.

Pulp from digestion process and oxygen delignification inevitably contains un-
wanted solid material. Some of the chips may not have been cocked properly,
and some of the fibrous material may not be completely in the form of individu-
al fibres. Contaminants other than wood may also enter cooking together with
the chips. The purpose of knotting i.e. removal of knots and screening is to
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remove impurities and unfiberized particles from the main pulp stream to re-
duce the bleaching chemical consumption. In older fibre lines or if vacuum fil-
ters and wash presses are used in washing, the knotting is done after the di-
gestion process.

Subsequently, the bleaching is often a multi-stage process employing chlorine,
chlorine dioxide, oxygen, ozone, hydrogen peroxide, sodium hydroxide, peroxy
acids, enzymes or a mixture of thereof. Still today, chlorine dioxide is a pre-
ferred choice for the bleaching chemical in many countries. Chlorine dioxide
process has several advantages such as good bleaching capacity compared to
e.g. hypochlorite, and it provides good strength and brightness values for the
resulting pulp. Despite of its extensive use the chlorine dioxide process is not
without drawbacks. Even though the price of chlorine dioxide is competitive
compared to several other chemicals the equipment costs and loading on wa-
ter systems cause pressure to decrease its consumption or even to find alter-
native bleaching solutions.

The reasons for the great consumption of the bleaching chemicals comprise
side reactions wherein the chemical is consumed without any effect on the
pulping product quality. For example, heavy metals bound to carboxylic acid
groups tend to increase the bleaching chemical consumption by decomposing
the chemicals, as well as chemical constituents formed or liberated during
pulping, such as hexenuronic acid groups, which react further with the bleach-
ing chemical.

Several known methods are discussing the removal of metals by e.g. the use
of chelating agents or complexing agents of various types. Complexing agents
of tertiary amine class such as DTPA (diethylene triamine pentaacetic acid),
have been used in pulping processes for removal of metals from certain pulp-
ing stages, such as the oxidizing stage, in order to provide suitably long reac-
tion times for the oxidizing agents such as hydrogen peroxide the decomposi-
tion of which the metals tend to catalyze.

In pulping most of the lignin is removed in digestion and only a small portion, a
few percent, remains in the pulp slurry. In order to further reduce this remain-
ing lignin content considerable amount of bleaching chemicals is required in
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proportion to the amount of the residual lignin. This suggests that the presently
applied bleaching methods or chemicals are nonetheless inefficient.

Hexenuronic acid is formed during Kraft pulping through modification of the
hemicellulose constituent in wood. During bleaching, the electrophilic interme-
diate of chlorine dioxide, such as hypochlorous acid, is readily reacting with
hexenuronic acid resulting in increased consumption of the bleaching chemi-
cal. Typically, the removal of hexenuronic acid from pulp prior to bleaching is
carried out using the process of selective acid hydrolysis which results in con-
version of hexenuronic acid into 2-furoic acid, formic acid and 5-carboxy-2-
furaldehyde. Unfortunately, the acid hydrolysis process is a time consuming
step.

EP0786029B1 discloses a method for removal of hexenuronic acid in cellulose
pulp by heat treatment. In this method celiulose pulp manufactured by sulfate
or alkaline process having a kappa number less than 24 is treated at a tem-
perature from 85 to 150 °C, at a pH of 2-5 for a period of time from 5 min to 10
h. This treatment results in removal of at least 50% of the hexenuronic acid
groups and decreases the kappa number by 2-9 units.

WO087/03313 discloses a process for bleaching pulp comprising the use of a
premixture based on hypochlorous acid and further comprising a halogen satt,
chiorine dioxide andfor a nitrogen compound, such as hexamethylenetetra-
mine. This premixture is added to the pulp for minimizing fiber degradation and
enhancing brightness. The bleaching time for this type of bleaching composi-
tion is 2-4 hours and the optimum pH range is from 2 to 6.

US4298428 discloses a method for improving chemical pulp strength and
brightness by using hypochlorite bleaching wherein the pulp slurry further con-
tains 0.01-0.5 % by weight of an amine compound selected from the group
consisting of ethylamine, methoxypropylamine, monoethanolamine, n-
butylamine, 3-aminopropanol, isopropylamine, ethylenediamine, aniline, 2-
amino-2-methylpropanol, 2-aminopropanediol, triethylenetetramine, 1,3-
diaminopropane, diaminchydroxypropane, ethylenediamine, hexamethylenedi-
amine and morpholine.
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The efficiency of the presently used bleaching chemicals needs to be improved
in order to avoid the typical delay times of several hours in a bleaching step.
The consequence of the slow reaction rates and long delay times contributes
to the huge size of the used reactors. Another drawback is the low selectivity
of the reactions taking place. Valuable bleaching chemical is consumed in side
reactions competing for the same chemical and not for the removal of hexenu-
ronic acid. Moreover, more efficient recycling enabling a better closed circula-
tion would be highly desired and beneficial for diminishing the environmental

impact due to bleaching.
Summary of the invention

It is an object of the present invention to provide a bleaching method or pro-
cess which is fast i.e. effective in reducing the time required for the pulp to re-
side in a bleaching stage.

Another object of the present invention is to increase the bleaching stage effi-
ciency by reducing the amount of bleaching chemicals required to provide the

necessary bleaching effect.

Yet, a further object is to provide savings in energy and material costs and time
without sacrificing the resulting pulp quality.

These objects are attained by means of a method according to the invention.

it has now been surprisingly found by the inventars of the present invention
that a catalytic amount of a tertiary amine compound introduced into a bleach-
ing step and brought into contact with a bleaching chemical is able to provide
an enhanced bleaching effect.

In chemical pulp bleaching the time required for the pulp to reside in a bleach-
ing step is dramatically reduced when using the method of the present inven-
tion. The bleaching reactions are speeded up from hours, into a few minutes or
less. This increases the throughput at the bleaching stage, enabling the use of
smaller bleaching reactors, and decreases the overall process time.

The selectivity of the bleaching reaction is enhanced. The reactions are better
focused on the chemical species responsible for brightness increase. Less
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bleaching chemical is needed as the amount of undesired side reactions de-
creases or as the oxidation and/or chlorination can be performed more effi-
ciently using less active chlorine. Typically, the active chlorine consumption
can be as high as 45 kg/ton wherefrom two thirds may be used in undesired
side reactions.

A further advantage of the present invention is that the pH range required for
the bleaching step is a broad one. Excellent bleaching results have been ob-
tained in both acidic and alkaline pH ranges. The broad operative range ena-
bles the use of the present process in varying bleaching steps without any
need for prior pH adjustment by additional acid or base.

Yet, another versatility advantage is that the method of the present invention is
not temperature sensitive and thus no heating or cooling prior to the bleaching
stage of the present invention is required providing energy savings.

A combined effect of the decreased time for bleaching and the selectivity en-
hancement of the reaction routes lead especially to decreased amount of slow
side reactions due to less time available thereto.

Figures
Figure 1 depicts the reactions of chlorine dioxide in pulp bleaching.

Figure 2 illustrates the dependence of the bleaching process on pH, the
amount of active chlorine and temperature.

Figure 3 shows the changes in the UVRR spectra of the pulp during bleaching.

Figure 4 shows the reaction rate of hexenuronic acid as a function of pro-
cessing temperature.

Figure 5 further illustrates the decrease of the amount of hexenuronic acid in
time.

Figure 6 is a blow up view illustrating the speed of the reaction with the amine.

Figure 7 shows a detailed view of the lignin reaction rate.
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Detailed description of the invention

By the term “chemical pulp” is meant pulp ready to enter the bleaching process
which has a kappa number of 50 or less i.e. wherefrom at least 80 % of the
lignin has been removed in pulping, or preferably by pulping and oxygen delig-
nification whereby the kappa number may be lowered to below 40.

By the term “active chlorine” is meant the oxidizing potential of the bleaching
chemical solution regardless of the bleaching chemical quality or valence. Typ-
ically, the amount of added active chlorine i.e. active chlorine charge is ex-
pressed in kg act. Citon of pulp. This value typically decreases over time and
the initial value is commonly determined by sodium thiosulphate titration. The
amount of active chlorine present may be expressed in per cent by weight of
the pulp dry matter.

In the method of the present invention the pulp bleaching process is enhanced
by introducing a tertiary amine compound into the bleaching process.

By the term “enhancement” is meant that the processing time in the bleaching
process is decreased and/or the selectivity of the bleaching reaction is in-
creased. The amount of the chemicals required for obtaining the desired
bleached pulp properties, such as low kappa number and/or high ISO bright-
ness, is decreased without sacrificing said desired properties.

By the expression “anti-planar” is meant a near planar conformation of a chain
of atoms A-B-C-D wherein terminal groups A and B are located on opposite
sides of the central line passing through atoms B and C. According to IUPAC’s
definition the torsion angle i.e. angle between bonds A-B and C-D when ob-
served in the direction of bond B-C in anti-planar (antiperiplanar) conformation,
is 180£30° contrary to syn-planar (synperiplanar) conformation wherein the
torsion angle is 0+30°.

Pulping may be carried out by a number of different methods and process step
sequences, namely chemical, mechanical or chemi-mechanical methods. In
the method of the present invention chemically produced pulp is used, prefer-
ably, pulp produced by the Kraft pulping process. In the process of pulping ma-
jority of lignin in the wood chips, at least about 80 %, is removed allowing the
wood fibers to separate from each other. Once lignin has been removed, the
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free fibers can form a fiber web on a forming fabric of the papermaking ma-
chine.

However, the different pulping methods result in varying type and amount of
chemical lignin and carbohydrate structures in pulp. The main focus in apply-
ing the method of the present invention is in Kraft pulping where the alkaline
pulping conditions provide significant amount of hexenuronic acid to the pulp
the amount of which has a strong infiuence in the pulp bleaching result. In the
soda pulping process, polysulfide cooking and other alkaline pulping process-
es form hexenuronic acid in pulp but typically in sulfite process hexenuronic
acid is not present. Generally, the method of the present invention can be uti-
lized at least when hexenuronic acid, lignin or corresponding aromatic chemi-
cal structures remain in pulp at moderate or low concentrations.

In the Kraft pulping process the majority of glucomannan and a smaller fraction
of xylan dissolved during cooking and 4-O-methylglucuronic acid, a component
of xylan, is structurally modified into hexenuronic acid. This conversion is de-
pendent on the pulping temperature, retention time, the amount of hydroxy!
ions in the cooking liquor and the total ionic strength of the slurry. The xylan
component is typically more abundant in hardwood pulp that in softwood pulp.

The method of the present invention is suitable for use in both hardwood and
softwood pulp processing. Hardwood pulp typically contains less lignin and
more hexenuronic acid compared to softwood pulp.

In the method of the present invention for bleaching pulp, at least one tertiary
amine compound is introduced into a process stage of the pulp bleaching pro-
cess which process stage comprises mixing the pulp to be bleached and a
chlorine compound capable of bleaching i.e. the bleaching chemical.

In one embodiment of the present invention the bleaching time for hardwood
pulp bleaching process is reduced from the conventional one to four hours into
a few minutes by using the method of the present invention. This reduction of
bleach processing time enables to reduce processing equipment size consid-
erably.

Another embodiment the methaod of the present invention provides an efficient
solution for softwood pulp bleaching which is conventionally chemical consum-

CA 2869351 2018-11-16



10

18

20

25

30

ing due to inefficiency of the chemicals towards the particular type of lignin
present therein. By the use of the method of the present invention the chemical
consumption may be cut into half.

In yet another embodiment, the method of the present invention offers an al-
ternative to the use of ozone in bleaching. In ozone bleaching also other con-
stituents besides lignin are reacted, leading to undesired side effects such as
oxidation of cellulose. The selectivity of the present method reduces the disad-
vantages emerging from the side reactions.

The main aim of the bleaching process following the pulping is to improve the
optical properties of the pulp, to decrease the amount of impurities and to alter
the mechanical properties of the pulp to match the requirements of the final
product. Typically, bleaching is carried out in several consecutive stages or
steps using varying bleaching chemicals. These chemicals may be categorized
according to the types of reactions they participate in. The reactions during
bleaching may be of electrophilic, nucleophilic or of radical type. Electrophilic
bleaching chemicals include elementary chlorine, hypochlorous acid, ozone
and peroxyacids, whereas nucleophilic chemicals include hydrogen peroxide
and hypochlorite. Oxygen and chlorine dioxide are the radical bleaching chem-
icals typically used.

In one embodiment of the present invention the kappa number of the pulp en-
tering the bleaching process from pulping is less than 30, preferably from 15 to
30.

In another embodiment of the present invention the kappa number of the pulp
entering the bleaching process from pulping and pre-bleaching is less than 20,
preferably from 10 to 20.

In yet another embodiment of the present invention the kappa number of the
pulp entering the bleaching process from pulping after oxygen delignification or
bleaching is less than 16, preferably less than 14.

In an industrial mill scale the bleaching process is preferably carried out in se-
ries of bleaching stages. Only in special cases the bleaching is carried out only
in one single stage. Typically, the required pulp quality is reached with several
bleaching stages using different bleaching chemicals.

CA 2869351 2018-11-16



10

15

20

25

30

The method of the present invention may be applied in any or several of the
bleaching stages residing in or between the pre-bleaching and the post bleach-
ing stages wherein the kappa number is preferably less than 20 and more than
1, respectively.

A bleaching stage comprises typically a feed pump of the pulp, required
amount of mixing steps, reaction vessel and the washer. Each bleaching stage
has an optimum temperature and pH and is therefore equipped with a temper-
ature control with heating and cooling facilities and a pH control arrangement.
The retention time i.e. delay time of the stage is controlled by the size of the re-
tention vessel. If the products of a bleaching reaction do not disturb the follow-
ing stage(s) several bleaching stages may be connected without a need for an
intermediate washing step.

In the present invention varying chlorine compounds capable of bleaching may
be applied. Preferably, these chlorine bleaching compounds comprise chlorine
dioxide, elementary chiorine, hypochiorous acid and chiorite or hypochiorite
salts. Elementary chlorine reacts with olefinic and aromatic lignin, whereas
chlorine dioxide primarily reacts with phenolic lignin structures and carbon-
carbon double bonds. Chlorite and hypochlorite salts react mainly with the car-
bonyl structures of chromophores. In the method of the present invention one
or more bleaching chemicals may be applied together or separately depending
on the desired bleaching process stage or sequence. Most preferably, the
bleaching chemical comprises chlorine dioxide or hypochlorous acid. Both of
these bleaching chemicals are also able to provide oxygen for the lignin reac-
tions. Specifically, the chlorine dioxide is produced at the site of bleaching, and
is readily available immediately before application. Suitable salts for the chlo-
rite or hypochlorite compounds are metal salts such as alkali or alkaline earth
metal salts. Preferably, these metal salts are selected from the group consist-
ing of Na, K, Mg or Ca which are commercially available in industrial scale.
Most preferably, the salts are Na salts which are especially suitable as they do
not provide any additional elements to the bleaching process.

In a preferred embodiment the beaching chemical is chlorine chemical capable
of forming in situ hypochlorous acid, most preferably the beaching chemical is
chlorine dioxide. The formation of hypochlorous acid may take place before,
during or after addition into the selected bleaching stage. Preferably, the for-
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mation of the hypochlorous acid is enabled at the desired bleaching stage. For
example the reaction of chlorine dioxide with an aromatic chemical species
such as lignin is able to produce hypochlorous acid and/or chlorite further re-
acting into hypochlorous acid.

Hypochlorous acid is a strong oxidant and has potential in reacting with both
lignin and hexenuronic acid. During pulp bleaching the applied chlorine dioxide
will be reduced in several steps as shown in figure 1 (Gullichsen, J. Papermak-
ing science and Technology Book 6A Chemical Pulping, 2000, p. 171). Chlo-
rine dioxide may be first converted into chlorite and hypochlorous acid with ox-
idation stages of +3 and +1, respectively (reactions 1 and 2 in figure 1). Hypo-
chlorous acid and chlorine are in equilibrium and are both able to react with ei-
ther lignin, hexenuronic acid or chlorite. Ultimately, the bleaching reactions re-
sult in formation of chloride and chlorate with oxidation stages of -1 and +5, re-
spectively. In acidic conditions chlorite may also self-decompose forming hy-
pochlorous acid and chiorate.

Hypochlorous acid, as such, has been used as a separate bleaching chemical
in the bleaching of pulp. However, due to its adverse effects, as hypochlorite,
on pulp viscosity and strength properties along with the formation of chioroform
its use has become limited.

The tertiary amine compound to be used in the method of the present inven-
tion is an aliphatic tertiary amine. This amine is a compound having the gen-
eral formula of

R1R2R3N

wherein R4, Rz, and R; are the same (R1=R2=R3) or different alkyl groups,
which groups are attached to the central nitrogen (N) atom.

The amine of the present invention is able to form a chloroammonium cation
with the chiorine bleaching compound, the stability of which depends on its
stereochemistry, structure i.e. positioning and quality of the alkyl groups.

If a carbon atom attached directly to the central nitrogen atom is bonded to a
hydrogen atom and an anti-planar conformation (H-C-N*-Cl) is formed the cati-
on will decompose rapidly. Similarly, if an alkyl group attached on the central
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nitrogen atom contains two carbon atoms bonded directly to each other and
the second carbon atom contains a heteroatom (X) such as oxygen, nitrogen
or sulfur provided that these structures are able to adopt a near anti-planar
conformation (X-C-C-N*-Cl), the chloroammonium cation may again be easily
broken. This type of structure is unlikely to provide a sufficiently stable com-
pound. These types of tertiary amines could be used provided that the stability
of the formed cation is high enough. However, compounds having a non-anti-
planar conformation are the most preferred ones providing a clear experi-
mental effect on hexenuronic acid or lignin removal and decrease in kappa
number.

Bleaching of pulp is carried out in a heterogeneous suspension of pulp fibers in
an aqueous medium. In addition to the various chemical reactions, mass trans-
fer between the liquid and the fiber cell wall plays an important role. For very
rapid reactions the mass transfer can be the rate-limiting phenomenon. Those
tertiary amines that form stable enough chloroammonium cations will provide
the best alternatives. There are several chloroamine compounds the most of
which tend to be very unstable and which are thus not particularly effective in
the method of the present invention. The most preferred candidates were ex-
perimentally found to exhibit an adequate stability in order to provide a very
clear effect.

The tertiary amine compound is a non-planar polycyclic N-substituted com-
pound whereby the decomposition of the molecule is sterically hindered when
forming a chloroammonium cation. Preferably, the tertiary amine compound is
a non-planar fused polycyclic N-substituted compound, more preferably non-
planar fused bicyclic N-substituted compound, wherein at least one nitrogen
atom is in a bridgehead position. The stability of these compounds is increased
as the bicyclic fused structure efficiently prevents the formation of the anti-
planar H-C-N*-Cl or X-C-C-N*-Cl configuration when reacted into the chloro-
ammonium cation form.

In a yet preferred embodiment the formed quaternary chloroammonium cation
comprises a non-anti-planar H-C-N*-Cl or X-C-C-N"-Cl conformation, unable to
decompose without a delay of at least 1 sec.

More specifically, the tertiary amine compound is of the general formula (1)
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wherein X is N or C, and Rs- Rj2 is the same or different alky! group, halide,
ester or alkoxide or hydrogen. Preferably, the alkyl! is selected from the group
consisting of lower alkyls of C5 or less, more preferably the alkyl is methyl or
ethyl. Preferably, the halide is chloride. Preferably, the ester is selected from
the group consisting of lower esters of C5 or less, more preferably the ester is
selected from the group consisting of formate, acetate and propionate ester.
Preferably, the alkoxide is methoxide or ethoxide.

In a preferred embodiment, the tertiary amine is quinuclidine. Quinuclidine
(structure 1) has a fused bicyclic structure wherein the nitrogen atom exists in
a bridgehead position which configuration excludes the possibility for an anti-
planar H-C-N*-Cl structure.

In another preferred embodiment the tertiary amine is triethylenediamine
(DABCO). Triethylenediamine (structure 2) does not form an anti-planar X-C-
C-N*-Cl substructure.

A o

Structure 1 Structure 2

These amines were found to be stable enough to be able to provide a reason-
able delay time of at least 1 s for chemical constituent migration during bleach-
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ing, and to provide a clear effect on the reactions with hexenuronic acid and
lignin.

For example, DABCO is an industrially used and easily available commercial
chemical which is not highly toxic and which does not decompose at high tem-
peratures.

These tertiary amines readily react with added or in situ formed hypochlorous
acid forming an electrophilic quaternary chloroammonium cation, which has
proven to be stable enough and suitable for use as a catalyst in a bleaching
stage of the pulp bleaching process.

According to the present invention contacting a catalytic amount of the above
described tertiary amine with a mixture comprising unreacted hypochlorous ac-
id and an organic agent containing unsaturated structures, such as hexenuron-
ic acid or lignin, significantly increases the reaction rate of oxidation of the car-
bon-carbon double bond. It was found that the chloroammonium cation thus
formed is capable of acting as a much stronger electrophile that the mere hy-
pochlorous acid itself. This type of tertiary amine provides a catalytic effect to
bleaching in the presence of a chlorine bleaching chemical.

Furthermore, the formed cation of the present invention does not exhibit any
nucleophilic behavior whereas in its ionized form, as hypochlorite, hypo-
chlorous acid does. This feature is believed to depress the possible side reac-
tions proceeding via the nucleophilic reaction route. Therefore, the tertiary '
amine catalyst of the present invention provides excellent selectivity.

Certain tertiary amines are typically used in pulp industry as chelating agents.
These include e.g. ethylenediaminetetraacetic acid (EDTA) and diethylenetri-
aminepentaacetic acid (DTPA). Both of these agents contain substructures
that can form, after reaction with hypochlorous acid, an anti-planar -O-C-C-N*-
Cl conformation. For example, hexamethylene tetramine can form an anti-
planar -N-C-N*-Cl conformation.

In comparison with the tertiary amines, secondary (R{RzNH) and primary
(RyNH,) amines are less efficient bleaching catalysts because their reaction
products with hypochlorous acid are neutral (R{R;NCI and R{HNCI). Relatively
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low pH is needed to protonate the reaction products to form the more reactive
chloroammonium cations (R1R;HN"CI and R{H,N*Cl).

In the method of the present invention the tertiary amine compound and the
chlorine compound capable of bleaching are added into the pulp slurry or sus-
pension in a way to enable the formation of a chloroammonium cation as de-
picted by the following reaction schema:

' R
1

—R" + HOCI —— R—t]\lt-R" +  OH
Cl

?
R—N

This quaternary chloroammonium cation is very strongly electrophilic and read-
ily reacts with double bonds. The nucleophilic side reactions become thus de-
pressed and the consumption of the oxidizing agent is decreased.

The bleaching stage may be any bleaching stage wherein the bleaching effect
is desired to be enhanced provided that the original amount of lignin in the pulp
is decreased to a kappa number of preferably less than 30. This chemical pulp
bleaching stage is preferably a chlorine dioxide bleaching stage, more prefera-
bly a bleaching stage in or after the pre-bleaching and before the post bleach-
ing. The process may further comprise several bleaching stages in sequence
or parallel wherein the bleaching effect is enhanced by the method of the pre-
sent invention. The bleaching stages may be separated by washing stages.

In a preferred embodiment of the present invention, the chiorine compound of
the present invention is a compound that forms in situ hypochlorous acid at the
bleaching stage once added into the pulp. The tertiary amine will readily react
with the formed hypochlorous acid forming the above described chioroammo-
nium cation.

The tertiary amine compound and the chlorine compound may be introduced in
sequence or simultaneously. Preferably, the tertiary amine compound is added
first into the pulp slurry of the desired bleaching process stage and subse-
quently the chlorine compound is introduced due to the high reactivity of the
hypochlorous acid added or formed in situ. The adding is to be designed in a
way to ensure the formation of the ammonium cation. The tertiary amine is
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preferably in the form of an aqueous solution whereby the control of introduc-
tion is easy and a homogenous mixing into the pulp slurry is enabled. The for-
mation of the desired catalyst i.e. the catalytic effect may become suppressed
or prevented if the tertiary amine or the hypochiorous acid reacts first with oth-
er constituents.

A catalytic amount of the tertiary amine compound is preferably introduced into
the bleaching stage. The amount of amine is dependent on the pulp composi-
tion, bleaching conditions and pretreatments. Preferably, the amount of amine
is less than 5 kg/ton, more preferably less than 3 kg/ton, most preferably less
than 2 kg/ton, such as less than 1.5 kg/ton. When using pulp suspension free
of any disturbing chemical compounds besides hexenuronic acid or lignin the
sufficient amount of amine may be very low, even less than 1 pmol/l. Prefera-
bly, the amount in regular pulp bleaching process is at least 0.01 kg/ton, more
preferably at least 0.1 kg/ton, most preferably from 0.1 to 1.5 kg/ton. In higher
consistencies it is possible to use a lower amount of the catalyst.

The amount of chlorine compound to be added is advantageously defined in
terms of the amount of added active chlorine. Preferably, the amount of active
chlorine present at a bleaching process stage of the present invention is from 1
to 30 kg act. Cl/ton of pulp, preferable from 3 to 20 kg act. Cl/ton of pulp, more
preferably from 5 t015 kg act. Cl/ton of pulp. The active chlorine charge de-
pends on the bleaching stage position, prior bleaching stages, the type of pulp
and processing conditions. In yet another preferred embodiment the amount of
amine catalyst is about 1 % of the amount of active chlorine provided that the
active chlorine comprises hypochlorous acid.

One advantage of the present invention is that the pH of the pulp slurry in the
bleaching stage wherein the tertiary amine catalyst and the chlorine com-
pounds are to be added may vary considerably. The method is not particularly
pH sensitive. A broad pH range from 2 to 10 may be used without essentially
decreasing the bleaching performance. This is particularly advantageous in
view of the processing condition requirements for the process stages to be ap-
plied preceding the bleaching step and after the bleaching step, especially
when several consecutive bleaching stages are necessary. An additional pH
adjustment step is not required between the different stages. A minor decreas-
ing influence of pH to kappa number can be seen within the alkaline side, in a
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range from 6 to 9 in the experiments made. However, it will be within the com-
petence of a skilled person to optimize the pH for particular reactions condi-
tions.

The preferred temperature at a bleaching stage according to the present in-
vention at ambient pressure is below 100 °C for avoiding boiling of the aque-
ous slurry, preferably below 90 °C, more preferably from 45-90 °C since most
of the adjacent process stages are performed within this range. The aim is to
avoid unnecessary temperature adjustments, energy consuming additional
cooling or heating steps.

The pulp mean consistency is typically about 10 % by weight of dry pulp. The
method according to the present invention is preferably used within a range
from 1 to 15 % consistency, more preferably from 2 to 13 %, most preferably
from 3 to 12 %. A lower consistency facilitates the mixing of the pulp slurry and
homogenous distribution of the chlorine chemicals and the tertiary amine
therein. However, by increasing the amount of dispersion medium may in-
crease the chemical consumption.

The tertiary amine compound may be recovered and/or reused after bleaching
from this process stage. It is optionally reused at the same stage or other stag-
es. Alternatively, the recovered tertiary amine compound may be recycled to
further use at the same process or to another process. Preferably, the filtrate
from the pulp slurry is collected and recirculated. The reaction of the tertiary
amine into the chloroammonium cation and back is reversible. The same ter-
tiary amine containing filtrate may be recovered, preferably up to 90 %, and
reused several times.

In a preferred embodiment the filtrate from the bleaching stage is recycled par-
tially or totally in the washer prior said stage. This will reduce the effluent
amount needed in the bleaching stage and also reduce the need for fresh ter-

tiary amine compound.

A conventional bieaching stage takes several hours, typically from 3 to 4 hours
depending on the chemicals and processing conditions used. A long duration
bleaching process may even be aimed at as the acid hydrolysation is known to
be a slow process. In the method of the present invention the delay time in a
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bleaching stage is very short. The reactions of forming the chloroammonium
cation and subsequent reactions with e.g. hexenuronic acid and/or lignin are
very fast. The processing time in bleaching is cut at least into half compared to
conventional bleaching. Preferably, the delay time in bleaching is only a few
minutes, such as less than 10 minutes. Depending on mixing efficiency and
practical considerations the delay time may preferably be even less than five
minutes. As the actual reactions takes place in only a few seconds, the delay
time is more preferably less than two minutes, even such as less than one mi-
nute, depending on the quality of the tertiary amine and the stability of the
chloroammonium cation. The short reaction time passes the challenge of ac-
celerating the bleaching process to mixing efficiency and equipment layout de-
sign. Furthermore, the fast reaction enables the use of smaller reactors or mix-
ers and a continuous bleaching operation as, in practice, essentially no delay
time due to reaction slowness is required.

In a preferred embodiment the pulp slurry is fluidized during mixing, facilitating
a uniform distribution of the reacting chemicals.

In another embodiment the mixing of the chemicals into the pulp slurry is per-
formed in a similar manner to the processing in an ozone stage.

In a preferred embodiment the Kraft pulping system includes at least cooking,
washing and screening stages before the bleaching stage and preferably the
oxygen delignification stage is also included. Due to the fact that the formed
cation is very selective to hexenuronic acid, preferably this bleaching stage is
in the beginning of those bleaching stages that remove hexenuronic acid or af-
ter those bleaching stages which have only little or no influence to hexenuronic
acid. Therefore, the bleaching stage of the present invention is most preferably
located before chlorine dioxide bleaching (D), ozone (Z), acid peroxide or chlo-
rine (C) stage which remove hexenuronic acid during the reaction.

In another embadiment the bleaching stage of the present invention is iocated
after oxygen or alkaline peroxide stages, namely after the bleaching stages
which have minor infiluence to hexenuronic acid content.

The products of the catalytic amine reaction have low reactivity with other
bleaching chemicals like CIO, or hydrogen peroxide resulting in that the
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bleaching step according to the present invention can be connected with these
other stages without intermediate washing.

In a preferred embodiment the bleaching stage of the present invention, pref-
erably using DABCO, is installed in the beginning of bleaching wherein the
hexenuronic acid content is high, but the lignin content is suitable for final
bleaching where the major part of the liquids are discharged to effluent treat-
ment.

In a yet preferred embodiment, if the bleaching stage of the present invention
is done in 2-6 % consistency it is beneficial to locate said stage in the screen
room. In this case the screen room is preferably after the post oxygen washing
and the bleaching stage is integrated into the screen room process. After said
bleaching stage the pulp enters a washing stage and it is subsequently
pumped to the next bleaching stage. The chlorine content of puip slurry is sig-
nificant and therefore the materials of the equipment must be selected in a way
that they resist corrosion.

A further advantage in using the bleaching of the present invention is that it is
possible to use practically all common bleaching chemicals. One target is that
bleaching can be performed in one or two stages after the bleaching of the
present invention. However, the use of the bleaching of the present invention
is not limited to bleaching chemicals or number of treatment steps.

The present invention is further illustrated by the following non-limiting exam-
ples.

Examples

The UV resanance Raman (UVRR) spectroscopic method was used to analyse
the molecular structures of hexenuronic acid and lignin. The detected light
scattering is expressed as a intensity of the spectrum as a function of Raman
shift in Acm-1. The values of 1657 cm-1 and 1608 ¢cm-1 correspond to hexenu-
ronic acid and lignin, respectively. The apparatus used was Renishaw 1000
UV Raman spectrometer with Leica DMLM microscope with a x40 objective
and Innova 300C FreD frequency — doubled Ar+ ion laser.
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The kappa numbers were determined conventionally using SCAN-C 1:00 (Re-
vised 2000) standard by titration as the combined total amount of lignin and
hexenuronic acid present in a sample of pulp. Hexenuronic acid content was
determined as described in Vuorinen, T et al., Selective Hydrolysis of Hexenu-
ronic Acid Groups and its Applications in EFC and TCF Bleaching of Kraft
Pulps, J. Pulp and Paper Science, 25:5 (1999) pp. 165-162.

ISO brightness values were measured conventionally according to ISO stand-
ard SCAN-CM 11:95 (Revised 1995) with reflectance measured at a wave-
length of 457 nm. The value is a measure of the amount of visible blue light re-
flected from the surface of an opaque stack of pulp sheets.

Example 1

Oxygen delignified birch Kraft pulp obtained from an industrial pulp manufac-
turer was treated with triethylenediamine (from Sigma-Aldrich, Germany) and
sodium hypochlorite (from Prolabo, Belgium).

The pulp was defined to have a kappa number of 13.9, ISO brightness of 51.4
% and hexenuronic acid content of 58 mmol/kg. Triethylenediamine concentra-
tion in the pulp to be treated was adjusted to 0.1 % by weight of pulp and the
active chlorine charge of the sodium hypochlorite used was 0.5 or 1.0 %. The
pulp consistency was 10 % by weight and a medium consistency mixer (MC)
was used to provide efficient mixing.

After the initial control of pH by acid or alkali (H2SO4 or NaOH) and addition of
triethylenediamine to the pulp, the MC reactor was closed and thermostated to
50 or 65 °C. The solution of sodium hypochlorite was added to the suspension
under vigorous stirring. After 10 min the reactor was opened and the pulp was
washed with deionized water. The time frame of 10 min is due to practical op-
eration of the reactor, but could have been even much shorter.

The pulps were analyzed for kappa number (SCAN-C 1:00) and 1SO bright-
ness (SCAN-CM 11:95) according to standard methods. Hand sheets of the
pulps were prepared according to a standard method (ISO 5269) from acidified
(pH 3) pulp suspensions. UV Raman spectra of the hand sheets were meas-
ured as described in Jadskeldinen, A.-s., et al. Quantification of lignin and
Hexenuronic Acid in Bleached Hardwood Kraft Pulps: A New Calibration Meth-
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od for UVRR Spectroscopy and Evaluation of the Conventional Methods, J.
Wood Chemistry and Technology, 25:1-2 (2005), pp. 51-65.

The effects of the final pH, charge of active chlorine and temperature on kappa
number are illustrated in Figure 2.

At 50 °C the treatment with 0.5 % active chlorine decreased the kappa number
by 4.8-5.5 units while the use of 1.0 % active chlorine charge led to 7.1-8.3
units’ reduction in kappa number. The kappa number may be adjusted by the
amount of active chlorine charge used.

The influence of the pH of the pulp seems to be minor. Several pH values were
tested from 3 to 9.5 which all seem to provide a similar level change for the
kappa number. It could be anticipated that the most pronounced pH effect is
obtained at values near neutral but these value only slightly exceed the exper-
imental fluctuations.

Treating the pulp at 65 °C instead of 50 °C leads to only 0.2-0.3 units higher
kappa number. Therefore, it is concluded that the temperature dependence of
the used method is moderate.

Analysis of the pulp sheets by UV resonance Raman spectroscopy (Figure 3)
reveals that both hexenuronic acid (peak at 1657 cm-1) and lignin (peak at
1608 cm-1) are degraded in the treatments although the decrease in the con-
tent of hexenuronic acid was more significant based on the decrease in peak
height and peak area of the Raman shift.

Example 2

Pulps treated with triethylenediamine and sodium hypochlorite according to
Example 1 were subjected for a second bleaching treatment with sodium hy-
droxide (0.33-0.65 % by weight of pulp), hydrogen peroxide (0.6 % by weight
of pulp) and oxygen (300 kPa pressure). Magnesium sulfate (0.2 % by weight
of pulp) was used as a stabilizer for hydrogen peroxide. The treatments were
carried out in a Teflon coated rotating reactor at 10 % consistency. The reactor
was heated to 85 °C and kept for 90 min at this temperature. The treatment
was interrupted by cooling the reaction vessel in cold water and washing the
pulp suspension with deionized water. Results from the treatments are sum-
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marized in Table 1 wherein Eop-stage denotes the oxidized alkaline extraction
with sodium hydroxide, hydrogen peroxide and oxygen, and Dabco denotes
the prebleaching according to Example 1 with triethylenediamine (DABCO)
and sodium hypochlorite.

5 The alkaline peroxide treatment decreased the kappa number by additional
0.7-1.7 units while the 1SO brightness was increased by 4.2-7.0 % units.

Table 1
Ege-stage Preceding Dabco-stage
NaOH Kappa |[Brightness,| Brightness Act. CI, Kappa | Brightness,
End pH AK E] T,°C End pH

kg/t "PT number % gain, % 2P kg/t MEPR 1 number %
3.0 9.3 5.1 66.4 1.7 1.7 10 50 4.0 6.8 59.4
6.5 10.4 5.5 63.6 1.5 15 10 65 3.8 7.0 59.1
6.3 10.4 7.4 60.6 1.6 1.6 5 50 4.0 9.0 56.4
3.3 10.7 7.1 60.3 1.3 1.3 5.2 50 83 8.4 56.1
33 10.5 5.6 66.7 0.7 0.7 10 50 8.7 6.3 62.0

Comparative example 1

10  In comparison to the bleaching of Example 1 a conventional bleaching was
performed using chlorine dioxide.

The same oxygen delignified Kraft pulp used in Example 1 was first treated
with chlorine dioxide (2.1 % by weight active chlorine on pulp) in 10 % con-
sistency in the medium consistency reactor. The reaction temperature was set

15  to 60 °C, reaction time was 40 min and the final pH was 2.8. After washing with
deionized water, the treated pulp was subjected to a second bleaching treat-
ment with sodium hydroxide (1.0 % on pulp), hydrogen peroxide (1.5 % on
pulp) and oxygen (300 kPa) similarly to Example 2. The second treatment was
carried out at 75 °C and it lasted for 90 min. The final pH was 10.95.

20 The kappa number was 7.4 after the treatment with chlorine dioxide which is to
be compared with the values obtained for the Dabco-stage. The kappa number
was 5.5 after the treatment with alkaline peroxide (Eop-stage). The ISO bright-
ness was first increased to 69 % and then to 73 %.
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Comparative example 2

In comparison to the bleaching of Example 1 another conventional bleaching
was performed using heat treatment.

The pH of a 10 % suspension of the oxygen delignified Kraft pulp used in Ex-
ample 1 was adjusted to 3.5 with sulfuric acid. The suspension was heated to
90 °C and kept for 140 min at this temperature before cooling it with cold water
and washing it with deionized water. The washed pulp was subjected for a
second bleaching treatment with sodium hydroxide, hydrogen peroxide (0.6 %
on pulp) and oxygen in conditions similar to Example 2. The final pH was 10.2.
After washing with deionized water, the pulp was finally treated with chlorine
dioxide (1.6 % by weight active chlorine on pulp) in 10 % consistency at 70 °C
for 120 min, and the washed with deionized water. The final pH before wash-
ing was 3.9.

The kappa number was 10.5 after the acid treatment, 9.8 after the alkaline
peroxide treatment and 4.6 after the chlorine dioxide treatment. The corre-
sponding values of ISO brightness were 52, 55 and 70 %.

The comparison of results from Example 1 and 2 with the Comparative exam-
ples 1 and 2 show that the initial bleaching i.e. initial reduction of kappa num-
ber of a birch Kraft pulp can be carried out more efficiently by using triethy-
lenediamine catalyzed hypochlorite (Example 1) instead of chlorine dioxide as
such or combined with a prior hot acid treatment that selectively degrades the
amount of hexenuronic acid (Vuorinen, T et al., Selective Hydrolysis of Hex-
enurcnic Acid Groups and its Applications in EFC and TCF Bleaching of Kraft
Pulps, J. Pulp and Paper Science, 25:5 (1999) pp. 155-162.). When targeting
at a constant kappa number after the initial bleaching, more than 50 % less ac-
tive bleaching chemical is needed in Example 2 compared to the conventional
initial bleaching by Comparative example 1. The catalytic hypochlorite treat-
ment of Example 1 i.e. 10 min or less is very fast in comparison with the slow
acid hydrolysis of Comparative example 2 that most modern hardwood puip
bleaching lines use. Thus the catalytic bleaching of Examples 1 and 2 has a
big advantage of requiring smaller investments in bleaching towers.
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Example 3

The hexenuronic acid reaction rate in the amine catalyzed bleaching step was
studied ex situ by removal of the possible disturbing factors present in the ac-
tual pulp processing.

A pure model compound of hexenuronic acid (0.2 mM aqueous solution), me-
thyl 4-deoxy-B-L-threo-hex-4-enopyranosiduronic acid (synthesized as de-
scribed in Adorjan, [. et al. Synthesis and characterization of the hexenuronic
acid model methyl 4-deoxy-b-L-threo-hex-4-enopyranosiduronic acid, Carbo-
hydrate Research 341:14 (2006) pp. 2439-2443), was treated with sodium hy-
pochlorite (0.2 mM aqueous solution) separately in the absence and presence
of triethylenediamine (0.005 mM aqueous solution). The reaction mixture was
prepared in a pH 8 buffer solution. The reaction was monitored by measuring
UV absorbance of the reaction mixture at 229 nm which represents the ab-
sorption maximum of hexenuronic acid.

In the presence of the amine catalyst the reaction was completed in less than
a minute. Without the catalyst only a small fraction of hexenuronic acid was re-
acted within 10 min. Figure 4 shows the decrease in the amount of hexenuron-
ic acid in time as the reaction is proceeding. Due to the nature of the discrete
UV absarbance measurements the first obtainable measurement points re-
trieved were at about tens of seconds.

When the measurements were repeated with higher amine catalyst concentra-
tions (0.01 and 0.02 mM) the reaction was completed in 10 seconds. Similar
results were obtained when the measurements were repeated in pH 4. Figure
5 illustrates the total view whereby the different saturation levels of the two
curves, with and without the amine catalyst, become evident. There is a strik-
ing time difference in reaching the hexenuronic acid final concentration level.
Figure 6 provides a close up view of the first 100 seconds of these two reac-

tions.
Example 4

The lignin reaction rate in the amine catalyzed bleaching step was studied ex
situ by removal of the possible disturbing factors present in the actual pulp
processing.
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3.4-Dimethoxytoluene (0.1 mM aqueous solution), representing the aromatic
nature of lignin, was treated with sodium hypochlorite (0.1 mM aqueous solu-
tion) separately in the absence and presence of triethylenediamine (0.01 mM
aqueous solution) in pH 4 at 25 °C. The amount of residual active chlorine was
5 monitored by measuring the UV absarbance of aliquots of the reaction mixture
in an acid solution of potassium iodide (add reference). This method corre-
sponds to the amount of residual lignin present after reaction with hypochlorite.

In the presence of the amine catalyst the reaction is completed very fast, in
less than a minute, as illustrated by Figure 7. Without the catalyst the reaction

10 continued for half an hour.

Examples 3 and 4 demonstrate that triethylenediamine catalyzes the oxidation
of hexenuronic and lignin at extremely low catalyst concentrations and very
fast rate. In the bleaching experiments according to Example 1 the amine cata-
lyst concentration was 1 mM. From the model compound measurements it can

15 be estimated that the pulp bleaching reactions require only a few seconds to
be completed althaugh this could not be explicitly demonstrated at pulping
conditions due to practical operation requirements such as opening of the re-
actor which takes several minutes.
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The embodiments of the invention in which an exclusive property or privilege is

claimed are defined as follows:

1. A method for bleaching pulp which pulp contains hexenuronic acid, lignin or
corresponding aromatic chemical structures, wherein at least one tertiary amine

compound of the general formula (1)

Ry
Rp
Ryo
Rg
Ry
Rz X Rs
N Rg
Ry
Rl Rg R7

wherein X is N or C, and R:- R1z is the same or different alkyl group, halide,
ester, alkoxide or hydrogen, is introduced as catalyst into a process stage of bleaching
that comprises mixing pulp and a chlorine compound capable of bleaching.

2. The method according to claim 1, wherein said tertiary amine comprises

quinuclidine, triethylenediamine or any derivative or mixture thereof.

3. The method according to claim 1 or 2, wherein the amount of said tertiary amine

compound is a catalytic amount.

4. The method according to claim 3, wherein the amount of said tertiary amine

compound is less than 5 kg/ton of pulp.

5. The method according to claim 4, wherein the amount of said tertiary amine

compound is less than 3 kg/ton of pulp.

6. The method according to claim 5, wherein the amount of said tertiary amine

compound is less than 2 kg/ton of pulp.
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7. The method according to any one of claims 1 to 6, wherein the amount of said

tertiary amine compound is at least 0.01 kg/ton of pulp.

8. The method according to claim 7, wherein the amount of said tertiary amine

compound is at least 0.1 kg/ton of pulp.

9. The method according to any one of claims 1 to 8, wherein said tertiary amine

compound is introduced as an aqueous solution.

10.  The method according to any one of claims 1 to 9, wherein said chlorine
compound comprises chlorine dioxide, elementary chlorine, chiorite, hypochlorous acid

or hypochiorite salts.

11. The method according to any one of claims 1 to 9, wherein said chiorine
compound comprises compounds forming hypochlorous acid in situ at said process

stage.

12. The method according to any one of claims 1 to 11, wherein said chlorine
compound is introduced into said process stage after the introduction of said tertiary

amine compound.

13. The method according to claim 11 or 12, wherein the amount of active chlorine
present at said process stage is from 1 to 30 kg act. Cl/ton of pulp.

14, The method according to claim 13, wherein the amount of active chlorine present

at said process stage is from 3 to 20 kg act. Cl/ton of pulp.

15.  The method according to claim 14, wherein the amount of active chlorine present

at said process stage is from 5 to 15 kg act. Cl/ton of pulp.

186. The method according to any one of claims 1 to 15, wherein the temperature at

said process stage is below 100 °C.
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17. The method according to claim 16, wherein the temperature at said process

stage is below 90 °C.

18. The method according to claim 16, wherein the temperature at said process

stage is from 50 to 90 °C.

19. The method according to any one of claims 1 to 18, wherein said process stage

is a chlorine dioxide bleaching stage.

20. The method according to any one of claims 1 to 19, wherein said tertiary amine
compound is recovered after bleaching at said process stage, and optionaily said tertiary

amine compound is reused and/or recycled.

21. The method according to any one of claims 1 to 20, wherein the delay time at

said process stage of bleaching is less than 10 min.

22. The method according to claim 21, wherein the delay time at said process stage

of bleaching is less than 5 min.
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