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The pulping industry has been phasing out chlorine as a bleaching agent and
nowadays only a minor part of the production of bleached paper pulp.
involves the use of chlorine gas. This development has been driven by
environmental concerns, because of the formation and emission of
chlorinated organic substances that follows the use of chlorine gas in pulp
bleaching. The chlorine gas has, to a large extent, been replaced by chlorine
dioxide, which generates much lower amounts chlorinated organics than
chlorine gas. There are, however, even more environmentally benign
bleaching chemicals available, such as hydrogen peroxide. Hydrogen
peroxide is nowadays becoming a commonly used bleaching agent in
chemical pulp mills. The bleaching efficiency of hydrogen peroxide is,
however, dependent on the design of the bleaching sequence in which the
peroxide stage is included. In this paper, the importance of a proper
chelating stage (treatment with EDTA) prior to peroxide bleaching of
eucalyptus kraft pulp is high-lighted. The results show that a high brightness
at a high viscosity can be achieved at a' relatively low consumption of
peroxide, if the bleaching is preceded by a chelation stage. These results are
in agreement with results found in the literature. Some results regarding the
impact of the alkali addition in the peroxide stage are also included.

ABSTRACT -

Keywords : Kraft pulp, Eucalyptus, Eucalyptus globulus, Peroxide Bleaching,
Chelating Stage. e ,
_INTRODUCTION environment. When gaseous Cl, is used in

The world’s paper consumption has
mcreased by 50 % during the last decade.
Consequently, the consumption of
bleaching agents for pulp bleaching has
mcreased as well. Pulp. and paper
production has long been recognized as a
significant source of pollution. Especially
the use of chlorine based bleaching agents
Bas had "a negative impact on the

bleaching, considerable amounts of organ
chlorine compounds are formed (Juuti, S.,
1996).. Gaseous Cl, has largely been
replaced by chlorine dioxide (ClO,) in
bleaching in recent years, to reduce the
formation of lipophilic organ chlorine and
volatile molecular chlorinated compounds.
However, the use of ClO; in bleaching
does not totally eliminate the formation of

Cop
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some harmful material and from an
environmental point of view, it could be
advantageous if the use of chlorine dioxide
was decreased. (Nakatama, 2004). Society
awareness of the environment has urged
the use of environmentally friendly
compounds in bleaching processes to
“substitute bleaching sequences including
chlorine based chemicals. Such a bleaching
concept is usually referred to as totally
chlorine free (TCF) bleaching. Hydrogen
peroxide (H,O,) is one of the key
chemicals in TCF bleaching (Van Lierop,
1994). The goals when using this chemical
are to maximize delignification, brightness
and selectivity towards lignin, and to
minimize the consumption of hydrogen
peroxide.

PEROXIDE BLEACHING

Oxygen delignification was industrially
established in the 1970°s as a method for
_ lowering the kappa number of kraft pulp
prior to the bleach plant. Hydrogen
peroxide, which is another oxygen based
bleaching agent, was introduced at a large
scale in bleach plants in the 1990°s. There
are many similarities between oxygen
delignification and hydrogen peroxide
bleaching. The pulp is treated under
alkaline conditions and melecular oxygen
and peroxides are present in both cases,
although in  different  proportions.
Hydrogen peroxide is formed in oxygen

delignification and oxygen is generated

through the decomposition of hydrogen
peroxide during peroxide bleaching (Gierer
and Imsgard 1977). Compared with
oxygen delignification, ~ peroxide
delignification appears to provide better
color removal, because of the specific
action of hydrogen
chromophores (Dence and Reeve, 1996).

92

peroxide on .

There are, however, some . difficulties
regarding the stability of the peroxide that
have to be considered when hydrogen
peroxide is to be used in bleaching.
Hydrogen peroxide is very stable under
acidic conditions, but under alkaline
conditions, it has a propensity for
decomposition. The decomposition of
hydrogen peroxide is also accelerated by
temperature. The active bleaching species
in alkaline hydrogen peroxide systems is
the perhydroxyl anion, HOO', which is
formed under alkaline conditions (Dence
and Reeve, 1996). The dissociation of
hydrogen peroxide (the formation of the
perhydroxyl anion) is shown in equation

).
HOOH +HO <«»HOO +H,0 (1)

This anion is a strong nucleophile and is
primarily responsible for the bleaching
effect of alkaline hydrogen peroxide. There
are two competing reactions in hydrogen
peroxide bleaching: the first leads to
delignification and a brightness increase
while a second parallel reaction leads to
the decomposition of hydrogen peroxide
into water and oxygen. The decomposition
is catalyzed by transition metal ions and is
usually claimed to involve the formation of
reactive intermediates (HO-, and O,™). The
overall reaction can be written as in
equation2.

Hzoz = g HOg- '_">H20 + 02 ot HO- (2)

Hydrogen peroxide bleaching is usually
performed at pH 10-11.5. Under these
conditions transition metals can hardly
exist as free ions. Collodete et al, (1988)
have studied the solubility of Fe**, Cu®
and Mn®" in the pH range 9.8 to 11.8. After-
aging at 50°C for 120 minutes, the solution
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were subjected to ultra filtration (cut off
>1000 MW) and an analysis of the filtrates
showed that that no amounts of iron,
copper or manganese above the detection
limit (10 ppb). could be found in the

solution after filtration. The rate of
peroxide decomposition was shown to be -

considerably lower in the filtrates than in
the original solutions, which implies that
the decomposition is surface-catalyzed by
colloidal transition metal-
oxides/hydroxides. In bieaching, the
decomposition is undesirable for two
reasons: consumption of peroxide in non-
bleaching reactions and formation of
hydroxyl radicals (HO-), which oxidize
and degrade cellulose. In a study of
hydroxyl radical formation by hydrogen
peroxide under bleaching conditions, the
free hydroxyl radicals are formed by
processes catalyzed by mononuclear
transition metal ion complexes. Colloidal
particles of transition_ metal
oxides/hydroxides were proposed to
decompose hydrogen peroxide directly into
oxygen and water.

METAL IMPURITIES

The main source of metal ion

contamination in pulp bleaching is the pulp

it self. Trees (and plants in general)
assimilate metal ions and nutrients present
m the soil in which they are grown

(Young, Guinn, 1966). The amounts and

types of metal ions present depend on the
species and growing location. Trees grown
on the mineral rich soil in Ontario and
Quebec (the Canadian shield formation)
have a different metal ion content than do
trees grown in the Pacific Northwest.
Coniferous frees (e.g.hemlock) tend to
have a higher metal ion content than do
hardwoods such as aspen. The metal ion
content of four different wood samples that

accelerate hydrogen peroxide
decomposition are listed in table 1. Besides
their effect on bleach response and their
detrimental effect on hydrogen peroxide
stability, metal ions in pulp can form
colored complexes with lignin
macromolecules. Also of concern is metal
contamination from the chemical used to
make bleach liquor. Iron is a contaminant
in technical grade sodium hydroxide or in
bulk sodium silicate. Other non wood
sources of metal contamination in pulp
include process water and processing
equipment. :

‘Table 1. Typical metal ion content of some

wood species (Dence and Reeve, 1996).

Wood Species Metal ion content, ppm
Fe Mn Cu
Hemlock,western | 115 105 | 14
Hemlock, eastern | 20 110 1
Aspen, midwest 55 4 5
Spruce, eastern 17 136 1

The transition metal ions, decreasing
the bleaching efficiency in peroxide
bleaching, that are routinely encountered
are manganese, iron, and copper. Of these,
manganese is the metal ion that has
received most attention. Other transition
metals (e.g. cobalt) also cause peroxide
decomposition, but they are usually present
in very low amounts in the pulp.

CHELATING STAGE
Some transition metal ions accelerate
_hydrogen peroxide decomposition

(e.g..Mn™%, Cu™, Fe'?). Concentrations as
low as 10°mol/liter have been shown to
effect peroxide stability. Whereas other
ions (Mg*2,8i0,%) inhibit this acceleration.
Ions that accelerate and ions that inhibit
hydrogen peroxide decomposition are both
found in wood and pulp; unfortunately, the

93
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net end result is- a major increase in
hydrogen  peroxide  decomposition
(Lapierre, 1995). Therefore, optimal
hydrogen peroxide bleaching requires the
careful management of the profile of pulp
metal ions The first step in successful
hydrogen peroxide bleaching is to
minimize the occurrence of catalytic
decomposition. This can be achieved by a
chelating stage prior to bleaching (Basta et
al. 1991). _

Cations are surrounded by anions or
neutral molecules. The groups immediately
surrounding a cation are called ligands,
and can be considered as electron pair
donors. A ligand molecule may contain
two or more atoms which can
simultaneously form a two electron donor
bond to the same cation. Such ligand
molecules are called polydendate ligands
or chelates {from the Greek word "chele"
meaning claw), as they appear to grasp the
cation between the donor atoms. Bidentate,
tridented, quadridented etc. are terms used
to designate chelating agents (chelants)
with two, three, four..., binding sites.
~ Bonding between the electron-donating
chelating agent and the electron-accepting
metal ion may range from essentially ionic
to essentially covalent. Electron donor
groups include oxygen and nitrogen and, to
a lesser degree, sulphur (Martell and
Calvin, 1952). Of all the chelating agents
known, ethylenediaminetetraacetate
(EDTA) with six binding site is the most
frequently used due to its ability to chelate
* most metal ions in 1 to 1 ratio.

EXPERIMENTAL

The raw material used in this research
was oxygen-delignified eucalyptus kraft
pulp (Eucalyptus globulus) with kappa
number: 10.8, brightness: 56.6 % ISO and
viscosity: 1195 dm’/kg. This research was

94

divided in two sections, chelating section
and bleaching section.

Chelating stage: :

Portions of never-dried  pulp
(corresponding to 20 g dry pulp) were
subjected to different treatments prior to
bleaching. After mixing, the treatments
were carried out at 10 % consistency in
plastic bags placed in a pre-heated water
bath for 1 hour at 70°C. Two different

'kinds of treatments were performed and

the performance of the treated pulps was

compared with that of an untreated

reference. e

1. Reference No treatment (Sample
code:1) ‘

2. pH 6.1 AnendpH of 6.1 was obtained = -

by addition of H,SO,4 (10 ml of a 5 g/l
solution) to the pulp prior to the
treatment. (Sample code:2)

3. EDTA pH 5.5 EDTA (2 kg/ton pulp)
was added to the pulp together with
H,SO, (10 ml of a 5 g/l solution) prior
to the treatment. (Sample code:3-5)

The codes of samples ‘are presented 1n
table 2.

Table 2. The code of sampleting stage
Code | Water, | H,SO, | EDTA | Wet
g 5g/lml | 5g/lml | pulp,g
1 REFERENCE :
211393 110 -—me-e | 100.7
3 |1293 |10 10 100.7
4 1293 | 10 10 100.7
3 1293 | 10 10 100.7
After the treatment, the pulps were

dewatered and washed carefully. The pH
of the filtrate obtained in the initial
dewatering was measured.
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Bleachmg stage

After the treatments descnbed in the
previous section, the pulps were subjected
to hydrogen peroxide bleaching. The
bleaching was performed for 4h and 8h at
10 % consistency in plastic bags placed in
a water bath pre-heated to 90°C. Prior to
bleaching, the pulp was mixed with H,O,
(25 kg/ton) and NaOH (12.5, 15 or 17.5
kg/ton). After the bleaching, the pulps
were dewatered and washed carefully. The
filtrate obtained from the initial dewatering
was used for determination of pH and
residual H,O,. The pulps were subjected to
analyses of brightness, kappa number and
infrinsic viscosity.

Determination of residual H,0,
Deionised water (30 ml) is put into a
Erlenmeyer flask together with 10 ml
H,S0; (20 %), 10 ml of sample,10 ml of
KI solution (50 g/1) and some drops of
saturated ammonium molybdate solution
(catalyst). If hydrogen peroxide is present
in the sample, a formation of iodine will
take place. The amount of iodine in the
solution was determined by titration with
0.1 molar Na,S,0;. The concentration-of
H,0; in the sample can then be calculated:
002 g1=[s0 22 @)
a
Where, b = volume of Na,S,0; (ml)
a = volume of sample (ml)

|s,0:|=01M

Measuring of brightness

Paper hand sheets were prepared by
adding . 5 g of pulp to 1 liter of deionised
water, then mixing it by using blender. The
pH of the slurry was adjusted to pH 4.5 by
adding H,SO, or NaOH. The hand sheet
was formed on a filter paper (11 cm
diameter) placed in a Biichner funnel

subjected to vacuum. The formed paner
sheet was put between two new fiter
papers (12.5 cm diameter) and then

_subjected to pressing for 1 minute. When.

the paper sheet had been dried, the
brightness was measured at 457 nm using
an Elrepho 2000 instrument.

Kappa number determination

Pulp (between 0.5 g to 3 g, depending
on the predicted kappa number) was put
into a glass beaker together with 230 ml
deionised water. This mixture was mixed
with a blender to disintegrate the pulp, then
25 ml of KMnO, (0.1 N) and 25 ml of
H,SO4 (2 M) was added. The reaction was

" carried out at 25 °C. After 10 minutes, the

reaction was terminated by the addition of
6 ml of 1 M KI. The iodine formed was
and then titrated with 0.1 M of Na,S,0;.
The Kappa number can then be calculated:

Kappa =&-»)*d (4)

Where, x=mlof 0.1 N Nazsg()g; that -
needed to titrate the blank,
y =ml of 0.1 N Na,S,0; that
needed to titrate sample,
m= weigh of dry pulp (gram)
d = correction factor.

e 1-00_00093[(;-);)/0.3—501

&)

Viscosity of pulp

Pulp (130 mg to 180 mg, depending on
the predicted value of viscosity) is put in a
plastic bottle (50 ml volume). 25 ml of
deionised water and two bars of copper are
added, then shake the bottle to disintegrate
the pulp. After that, add 25 ml 1 M
cupriethylenediamine (CED) solution.
Remove air from the bottle, and then shake
it in order to dissolve the pulp sample. The
intrinsic viscosity is then determined at

95
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25°C according to the SCAN CM 15:88
method.

RESULT AND DISCUSSION
The impact of a chelation stage on the
efficiency of the bleaching process is
illustrated by the results in table 3,

Table3. The result of bleaching at 90 °C, 4
hours

Code | Kappa | Brightness, | Residual | Viscosity,
No. | %ISO |H,0,g1| dmlkg
1 9.1 715 0 i
T T8 0 EaT8l
3 [ 78 '86.6 1.55 1100
4 175 873 1.46 1065
SRS 874 136 1049

The addition of NaOH for No. 1,2 and 3
was 15 kg/ton, while for No. 3 it was 12.5
kg/ton and No. 5 it was 17.5 kg/ton.

From table 3 it can be seen that the
increase in brightness obtained after
bleaching without an EDTA-containing
chelating stage is very small, just 15-16 %
ISO (No. 1 as reference and No. 2,
addition of H,SO,, but without EDTA).
This moderate brightness gain was
reached, even though all of the added H,0,
was consumed. It can, however, be
assumed that a large part of the peroxide in
these bleachings was consumed in
decomposition reactions catalyzed by
transition metal ions according to equation
2. Futhermore, the decrease in viscosity
was very significant for these pulps. There
. is a correlation between viscosity of pulp
and the strength of fiber. A higher value of
pulp viscosity implies a lower degree of
cellulose degradation and thus a higher
fiber strength. Conversely, a combination
of H,SO, and EDTA 1n the chelating stage
did substantially increase the brightening
effect of the bleaching stage. It can also be
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noted that the consumption of peroxide
was relatively low when the bleaching was

‘preceded by a EDTA-containing stage.

Moreover, the decrease in pulp viscosity
was moderate during bleaching of these
samples. The consumption of hydrogen
peroxide in sample 3 was 44.3 % (of added
peroxide) and the increase in brightness
was 300 % ISO. The peroxide
consumption for samples 4 and 5 was 47.4
% and 51.04 %, respectively. The
brightness gain obtained for these samples
were 30.7 % ISO and 30.8 % ISO,
respectively.

Although the highest brightness was
obtained in the case of sample 5 (17.5 kg
NaOH/ton), the effectiveness of the
consumed peroxide may not be optimal,
since the largest consumption of peroxide
was obtained at this charge of alkali In
order to get more information, additional
bleaching experiments, .in which the
bleaching time was increased to 8 h, were
performed. The resulis are presented in
table 4.

Table 4. The results of bleaching at 90 °C, 8
hours :

Code [Kappa | Brightness,| Residual | Viscosity,
No. %ISO | H,0,,2/1 dm’/kg
3 1719 RRE 121 1033
4 1714 89.1 1.22 1019
SEelEry 88.0 1.14 1025

From table 4, it can be seen that
consumption of hydrogen peroxide in
sample 5 is highest, but the brightness gain
is lowest. The reason for this is probably
that the decomposition of hydrogen
peroxide to oxygen and water is promoted
by the higher alkalinity.

‘There is a comrelation between kappa
number, lignin content and brightness. A

~ high kappa number indicates a high lignin
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content. A high lignin content (and a high
kappa number) usually indicates a low
brightness. The correlation between kappa
number and brightness can be seen in
figure 1. :

Brightassr, x 150
ERBBESGBRE R

0, i

Figure 1. Correlation between kappa
number and brightness

A sirhple, and the most common method,
for estimating the lignin content is the
kappa number measurement. It is based on

the principle that the lignin will consume

potassium permanganate at a much higher
rate than the carbohydrate components of
the pulp; hence, potassium permanganate
consumption under carefully specified

be considered that also ceriamn

carbohydrate related structures in the pulp
can be oxidized by permanganate, i.e.,

hexenuronic acids (Jiebing, Li., 1999).

CONCLUSSION

The key to good results in powerful
peroxide bleaching stages is to establish an
appropriate metal ion profile in the pulp
prior to bleaching. This can be achieved by
the introduction of a chelating stage before
the bleaching. This chelation stage
enhances the effectiveness of the peroxide

by decreasing the decomposition of

peroxide. Not only the consumption of
hydrogen peroxide to achieve a high
brightness is ‘reduced, but also the loss of
viscosity is substantially decreased. Three
variables that influence the decomposition
of hydrogen peroxide are: metal. ion
content, temperature and pH. In order to
get the best result in peroxide bleaching, an
optimization of temperature and pH in the

conditions can be regarded as measure of pleaching  process is  important.
lignin content in pulp. It should, however, '
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