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Abstract

Given the increasing use of recycled fibres in a
wide variety of paper applications, the deinked
pulp must meet the always higher market
requirements. To achieve this, mechanical
processes such as deinking, cleaning and screening
must be carefully optimised and controlled, and the
use of chemical treatments to modify the molecular
structures responsible for the light absorption
becomes a necessity.

Bleaching or brightening of recycled fibres can be
done with oxidative bleaching agents or with
reducing agents. Of the oxidative bleaching
chemicals that are available, hydrogen peroxide is
most commonly used with recycled fibres. The
greater part of this article describes the use of
hydrogen peroxide at several stages in the deinking
line and the parameters affecting its efficiency.
Considerable attention is given to the optimisation
of chemicals that are used with hydrogen peroxide.

Some particular applications for oxygen and ozone
in wastepaper are also described and a brief
overview of recycled fibre bleaching with reducing
agents is given.

1. INTRODUCTION

It is a general trend in the paper recycling industry
to reduce the chemical usage for economic and for
environmental considerations. “Therefore, an
improved understanding of the role of the chemical
additives in deinking is necessary to be able to
limit the chemical charge and to avoid overdosing
of chemicals.

Wastepaper is a changing furnish because printing
inks and printing processes as well as finishing
products in paper making are under continuous
development (1). Research in wastepaper recycling
must keep up with these changes and it might be

necessary to vrepeat a study because the
wastepaper furnish has changed. On the other
hand, although we try to work with a “typical
wastepaper furnish”, the conclusions drawn from
our results might have to be reconsidered for your
particular mill situation with its own “typical
wastepaper furnish”,

The greater part of the European wastepaper
furnish is mixed paper and old newsprint/old
magazines (ONP/OMG) mixtures. The chemical
additives used in deinking and bleaching of this
type of wastepaper containing a large amount of
mechanical fibre will be discussed. Some
comparisons with the recycling of woodfree
wastepaper will be drawn.

The use of different chemical additives at different
places in a deinking line is described, starting with
the pulping chemistry. Also post-deinking
bleaching of recycled fibres with different chemical
additives will be addressed.

2. CHEMICAL ADDITIVES IN THE PULPER

Pulping or disintegration of the dry wastepaper is
the first operation in a deinking line. Most
commonly used is high consistency pulping
(14 - 18 % s/c). The pulping stage determines the
efficiency of subsequent decontamination stages
since the size of the contaminants and their
bonding with the cellulose fibres is determined in
this stage.

Besides the separation of useful material (such as
fibres and to some extent also filler material) from
impurities (such as ink particles, solid material,
adhesives, etc.) the fibres can be bleached in the
pulper. The role of different chemicals such as
surfactant, hydrogen peroxide, sodium silicate and
caustic soda for both deinking and for bleaching is
described. The role of speciality chemicals such as
tale, caleium salts or flocculating agent will not be
discussed here.

2.1. Surfactant

The addition of a surfactant in the pulper is related
to the separation of the ink particles from the
fibres.  Several surfactant properties play a
significant role in determining their deinking
effectiveness (2). Only the general use of
surfactants in deinking will be discussed here.



For wash deinking, the ink particles need to be
detached from the fibres and very small ink
particles must be created : smaller than 10 um (3).
The surfactant used in wash deinking must
therefore have a high dispersing capacity. Wash
deinking will also significantly reduce the amount
of filler material in the paper stock.

For flotation deinking, the ink particles must have
a diameter between 10 and 150 pm (4). Most ink
particles are hydrophobic, except for flexographic
inks (water-borne inks) which will not be discussed
here. To eliminate these hydrophobic ink particles
from the fibres by flotation, a connection between
the ink particles and the air bubbles must be
created. This connection is partially realised by
the surfactant molecules. Also calcium ions play a
role in the connection of air bubbles and ink
particles. Without detailing on the size of the air
bubbles and the ink particles, the principle of
flotation deinking is illustrated in figure 1.

Ca**
_—o

Ink particle ca* Air bubble

Surfactant molecules
and calcium ions

Figure 1: Ilustration of the role of surfactant
molecules and calcium ions to connect the ink
Dparticles at the air bubbles

2.2, Total alkalinity

The need for alkalinity to facilitate ink release by
swelling the fibres and by saponification of the ink
binders is well known (5). In general, caustic soda
(NaOH) is the main source of alkalinity in
deinking.

Sodium silicate, also frequently used in deinking,
contributes to the total alkalinity. The total
alkalinity (T.A.) of a pulping liquor containing both
alkalies can be calculated as follows :

% T.A. = % NaOH + 0.112 *% silicate
with NaOH (100% basis) and sodium silicate

(38 Bé) charge as percentage applied on oven dry
pulp (% odp).

The optimisation of the total alkalinity level is
illustrated in figure 2 with different levels of
hydrogen peroxide and 2.5 % sodium silicate being
used.

Total alkalinity optimisation
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Figure 2: Optimisation of total alkalinity in the
pulper for a ONP/OMG mixture with 0, 1 and 2 %
H303.,

Without hydrogen peroxide addition to the pulper,
a maximum brightness of 57.8 °*ISO was obtained
by flotation deinking. It was shown that in the
absence of hydrogen peroxide the brightness after
flotation drops as soon as the total alkalinity level
exceeds 0.6 % odp. In order to understand this
brightness drop, results of pulping and flotation
trials on printed and non-printed furnish are
presented in figure 3. It can be seen that increased
total alkalinity causes a similar brightness drop
with the non-printed furnish as was found with the
printed furnish. This brightness drop is known as
alkaline darkening. As a result of the alkalinity,
lignin is partially solubilised and coloured lignin
derivatives are produced.

Alkaline darkening for ONP/OMG furnish
Brightness, °ISO
70
B5 | - oo
60 | .- __TTTo_ non-printed paper _ _
B8 | T ____]
printed paper
80 oo
45 | ____.]
40 s : . -
0 1 2 3 4
Total Alkalinity, %

Figure 3: Effect of alkalinity on printed and non-
printed ONP/OMG mixture.



In figure 2, it was also shown that with hydrogen
peroxide addition in the pulper, the optimum total
alkalinity level is slightly higher : i.e. 0.8 % total
alkalinity for 1 % H20z and 1 % when using 2 %
H202. Part of the total alkalinity is consumed by
hydrogen peroxide to produce the active
perhydroxyl anions. From examination of the
shape of the brightness curves it can be seen that
the brightness was more stable versus changing
total alkalinities when hydrogen peroxide was
added to the pulper. This means that even when
the optimum total alkalinity demand changes due
to variables in the furnish (age, contaminants, etc.)
or in the process (temperature, retention time, pulp
consistency, etc.) a higher and more stable
brightness after flotation can be ensured by using
some peroxide in the pulper.

A fairly easy control for the total alkalinity is the
pH measurement. As shown in figure 4, once the
optimisations have been carried out and the
optimum total alkalinity levels are known, the pH
curves developed can be used as controls on a daily
basis.

pH as process control
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Figure 4: Process control in the pulper by final pH
measurements.

As shown, a final pulping pH of 85 to 9
corresponds to the optimum total alkalinity

2.3. Sodium silicate

The role of sodium silicate in deinking and in
peroxide bleaching has been the subject of many
papers (6-8). In pulp bleaching, sodium silicate is
associated with the stabilisation of hydrogen
peroxide, and also in pulper applications, sodium
silicate stabilises hydrogen peroxide, as shown by
figure 5 : for a given total alkalinity, 1.1 % odp for
example, the peroxide consumption decreases from

87 % without sodium silicate application in the
pulper, to 30 % with 5 % sodium silicate present.
These are the percentages of the initial amount of
peroxide found in the pulping liquor after pulping.

Stabilisation of hydrogen peroxide
H,0, Consumption, %
100

0% Si
80 oA

60| o S T ZIS

5% Si

40 |

20 | Al _.__

0 0.5 1 1.5 2 25 3
Total Alkalinity, %

Figure 5: Stabilisation of hydrogen peroxide with
0 - 5 % sodium silicate. Hz0z consumption is given
as a percentage of the initial amouni (2 % odp).

Figure 6 shows that stabilisation is not the only
role of sodium silicate ; it is found that a
significant brightness gain is cbtained by flotation
deinking through the use of sodium silicate in the
pulper. Since the two curves, with and without
peroxide are parallel, the brightness gain due to
the application of sodium silicate is independent of
the brightness gain due to peroxide bleaching.

Sodium silicate in the pulper
Brightness, “ISO

0 1 2 3 4 5
Sodium silicate, %

Figure 6: Brighitness increase by adding sodium
silicate to the pulper with 0 and 2 % H202 and 0.6
and 1.1 % total alkalinity respeciively.

To understand the role of sodium silicate in
deinking, image analysis was used. Ink particle
histograms (by size) and the percentage area
covered by ink particles were measured after
pulping (figure 7).



Ink particle size and % ink coverage
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Figure 7: An illustration of the role of sodium
stlicate as an ink collector, showing particle size
(bars) and % ink coverage (numbers on top of bars)
after pulping in the presence of 2 % H:Oz and 1.1 %
total alkalinity.

Sodium silicate prevents ink from redeposition on
the fibres and agglomerates small ink particles to
form larger ones (> 10 um), so that they have a
more suitable size for flotation. More ink particles
were found in the larger size classes by increasing
the sodium silicate level, and moreover, the surface
covered by ink particles larger than 10 pm was
significantly increased. The percentage of the
measured area covered by these ink particles after
pulping is given by the numbers on top of the bars
in figure 7.

2.4. Bleaching and deinking

A distinction between bleaching of recycled fibres
and deinking, which is the elimination of ink
particles, was achieved by the comparison of the
brightness gains obtained by processing printed
wastepaper with the results from non-printed
paper exactly under the same process conditions.
The brightness after flotation is compared to the
brightness after pulping when no chemicals were
added to the pulper. For the non-printed furnish,
the only possible way to increase brightness is by
bleaching. For the printed furnish, brightness
gains can be due to either bleaching or deinking.
Figure 8 shows the brightness gains obtained for
different hydrogen peroxide addition levels in the
pulper with printed or with non-printed furnish.
The brightness gain is the brightness of the pulp
after flotation compared to the initial brightness of
the wastepaper stock, being the brightness of the
wastepaper when pulped without chemicals.

Bleaching and deinking of ONP/OMG
Brightness gain, SO
25

20 | printed K
| bleaching {7.2 *ISO)
e 1 v
deinking| (14.8 *I150)
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5 : I
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O __ . ___ v
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0 1 2 3 4
H,0, %

Figure 8: Brightness gains obtained by deinking
and by bleaching of a ONP/OMG mixture with
varying amounts of H20z.

For each hydrogen peroxide level, the optimised
quantities of sodium silicate and total alkalinity
were applied. The brightness gain obtained by
deinking is shown by the difference between the
curve for printed paper and the curve obtained
with non-printed paper. The brightness gains
obtained by the hydrogen peroxide addition are
similar for the printed and non-printed furnishes,
and are therefore due to bleaching of the fibres.

3. HYDROGEN PEROXIDE IN TOWER
BLEACHING

When high brightness deinked pulps are required,
hydrogen peroxide bleaching of the deinked stock
is often considered. Optimisation of the chemicals
has to be performed again, in order to ensure the
best hydrogen peroxide efficiency, and also to avoid
undesired decomposition reactions and alkaline
darkening (9, 10).

3.1. Pulp consistency

As ig the case with mechanical and chemical pulp
bleaching using hydrogen peroxide, high
consistency bleaching leads to higher brightnesses
than medium consistency (11,12). For a
newsprint/magazines mixture, the brightness
response at changing consistencies is illustrated in
figure 9.




Pulp consistency in tower bleaching
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increase in yellowness (Y) while no increase in
lightness (L.*) was observed (table 1).

Temp. || IS0 | L* a% b* Y
°C)

70 65.5 88.3 -0.4 7.5 146

90 64.7 88.2 -0.3 8.1 15.7

Figure 9: Brightness versus consistency for tower
bleaching for a ONP/OMG mixture.

The consistency was varied between 10 and 30 %.
With 1% hydrogen peroxide and optimised levels of
total alkalinity and sodium silicate, a brightness
increase of 3 °ISO was found by increasing the
consistency from 10 to 25 %.

3.2. Bleaching temperature

The overall effect on brightness of an increase in
bleaching temperature depends on the wastepaper
furnish composition (see figure 10).

Table I: Effect of temperature on bleaching of a
newsprint/magazines (50/50) mixture

For a mixed office waste furnish, a brightness
increase with temperature was observed due to
very limited increase in yellowness compensated by
an increase in lightness (table 2).

Temp. || °ISO L* a¥* b* Y
(°C)

70 73.8 89:1 -1.0 1.0 1.3

90 75.1 89.9 -0.7 1.3 2.0

110 75.8 90.2 -0.9 1.3 2.0

Temperature in tower bleaching
Brightness, °ISO

80
75
70
65 | ____ e e e e _
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60 . !
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Figure 10: Brightness versus temperature for tower
bleaching for a ONP/OMG mixture and for mixed
office waste.

Depending on the type of wastepaper furnish, a
temperature increase can lead to a brightness drop
or a brightness increase.

For a newsprint/magazines mixture, the negative
effect of temperature on brightness is due to the

Table 2: Effect of temperature on bleaching of a
mixed office waste furnish (<10 % mechanical fibre)

3.3. Optimisation of total alkalinity and
sodium silicate

The optimisation of total alkalinity and sodium
silicate must be carried out with due consideration
being given to the furnish composition and the
physical process variables as temperature,
retention time, etc. All details of these
optimisations have been described before (9, 10). It
was shown that to ensure a high bleaching
efficiency some residual hydrogen peroxide must be
found at the end of the bleaching. As for bleaching
in the pulper, this is to prevent the pulp from
alkaline darkening. Since mechanical pulp is more
susceptible to alkaline darkening than chemical
pulp, this residual amount of peroxide was found
higher (20 %) for newsprint/magazines recycling
than found for mixed office waste recycling (5 -
10 %).



3.4. Pulper bleaching versus tower bleaching

High quality wastepaper furnish (e.g. : mixed office
waste, sorted office waste, etc.) is often bleached
only in one or more post-deinking bleaching
towers. For newsprint/magazines mixtures a
considerable amount of hydrogen peroxide is often
added to the pulper. In figure 11, a comparison is
made between the brightness gains obtained by
post-deinking bleaching and the brightness gains
cbtained by bleaching the recycled fibres in the
pulper.

Pulper vs tower bleaching for ONP/OMG

Brightness, °ISO

75
70
65
60
55
0 1 2 3 4
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Figure 11I: Comparison of the effect of hydrogen
peroxide on the brightness when being applied in
the pulper or in a bleaching tower.

The highest peroxide efficiencies, or in other words,
the highest brightness gains, were ohserved when
hydrogen peroxide was applied in tower bleaching.
This is related to the more appropriate conditions
for hydrogen peroxide bleaching, namely a higher
temperature, a higher consistency and a longer
retention time. Nevertheless, these results can not
be generalised to all industrial installations since
the physical conditions in the pulper and in the
bleaching tower can be very different than these
examined here.

However, it can be recommended to add a small
amount of peroxide in the pulper (0.5 to 1 % odp) to
avoid any possible brightness reversion as well as
to obtain the best stability of the deinking process.
The hydrogen peroxide post-bleaching is necessary
to bleach the pulp to high brightness.

3.5. Disperser bleaching with hydrogen
peroxide

A hot dispersion unit or disperser is often included
in a wastepaper reprocessing line to reduce the size
of remaining visible ink specks. Although the
positive effect of this practice on cleanliness is very
clear, ink dispersion has a negative effect on the
brightness. As a dispersion unit is usually
operated at high consistency and high
termperature, it is a suitable location for hydrogen
peroxide bleaching. With well optimised bleaching
conditions the brightness loss due to ink dispersion
can be avoided by using the disperser for hydrogen
peroxide bleaching as well as for ink dispersion
(13).

Disperser bleaching and post-flotation
for ONP/OMG mixture
Brightness , °ISO
65 - -
jm Disperserinlet
go |__1C Disperseroutlet | o
[1 Endofline
5 | . e _ --
50 |- | f_____ o
45 | - e ] |----- --
40
no H,0, in disperser 1 % H,0, in disperser

Figure 12: Influence of the presence of chemicals in
the disperser on the brighiness after disperser and
after post-flotation for ONP/OMG.

Disperser bleaching and postflotation
for mixed office waste
Brightness , iSO
Sl gz Disperserinlet
75 | __| ] Disperseroutlet|
[ 1 Endofline
0l = . _] L
65 |- ___ I
60 | - | [ __ L
55
no H,0, in disperser 1 % H,0, in disperser

Figure 13: Influence of the presence of chemicals in
the disperser on the brighiness after disperser and
after posi-flotation for mixed office waste.



Development of brightness in a deinking line
consisting of a pulper, a first flotation, a disperser
and a post-flotation is shown in figure 12 for a
mixture of old newsprint and old magazines and in
figure 13 for a mixed office waste furnish. These
results were obtained in the pilot plant at the
LAMORT Research and Development Centre.

The brightness at the disperser inlet, disperser
outlet and after the post-flotation (end of line) are
presented, both for a disperser with and without
chemicals. It is shown that the use of 1%
hydrogen peroxide in the disperser eliminates the
brightness drop due to ink dispersion in the
disperser and increases the brightness above that
of the disperser inlet. A second advantage of the
use of chemicals in the disperser is the increased
post-flotation efficiency. A moderate brightness
gain was obtained by flotation after a disperser
without any chemieals, compared to the brightness
gain obtained by flotation after the disperser with
the optimised peroxide-based chemieal
formulation.

4. PARAMETERS TO CONTROL HYDROGEN
PEROXIDE EFFICIENCY

Although bleaching with hydrogen peroxide is less
efficient for recycled fibres than for virgin fibres,
careful control of some process parameters can
help to maximise the brightness gain.

The easiest way to detect poor hydrogen peroxide
efficiency is to determine, in parallel with the
brightness, the hydrogen peroxide consumption.
Generally, a total peroxide consumption means a
significant loss of the peroxide efficiency. Some of
the important parameters causing this peroxide
decomposition are reviewed.

4.1. Metal ions

Catalytic decomposition of hydrogen peroxide by
metal ions is well known, as is the stabilisation of
hydrogen peroxide with sodium silicate and/or
sequestering agents. Two sequestering agents
were tested in post-deinking bleaching, namely
pentasodium diethylene-triamino-pentaacetate
(DTPA) and a sodium salt sclution of diethylene-
triamino-pentamethylene phosphonic acid

(DTPMP).

H.O, stabilisation in ONP/OMG

bleaching
Brightness, *ISOC1 ® H,0, consumption, %
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Figure 14: Stabilisation of hydrogen peroxide for
bleaching of ONP/OMG. Brightness (bars) and
H:02 consumption (lines) are shown.

For a2 newsprint/magazine mixture a small
brightness increase could be achieved by increasing
the sodium silicate level from 2.5 to 5 % odp or by
adding DTPA or DTPMP to the sodium silicate
(figure 14). DTPA or DTPMP could not replace
sodium silicate without affecting the brightness.
With a mixed office waste furnish, sodium silicate
could not be replaced with DTPA or DTPMP nor an
addition of DTPA or DTPMP to the sodium silicate
could increase the final brightness (figure 15).

H,0, stabilisation in mixed office waste
bleaching
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Figure 15: Stabilisation of hydrogen peroxide for
bleaching of mixed office waste. Brightness (bars)
and HzOz consumption (lines) are shown.

The stabilisation of hydrogen peroxide with
sequestering agents depends on the metal
contamination of the pulp and the water circuit in
the pulp mill (10, 15). Therefore each pulp has to
be evaluated separately to obtain the highest
hydrogen peroxide efficiency by optimising total
alkalinity, sodium silicate level and in some cases a
sequestering agent.  While carrying out the



optimisation, both hydrogen peroxide consumption
and brightness have to be examined.

4.2. Catalase enzyme

An uncontrolled decomposition of hydrogen
peroxide can result from catalase. Catalase is an
enzyme produced by micro-organisms to destroy
the hydrogen peroxide formed during the
metabolism in some aerobic cells. For the micro-
organisms it is important to decompose this
hydrogen peroxide because it has the capacity to
destroy cellular structures.

The main known sources of catalase-forming micro-
organisms are the wastepapers and the slime in
the white water from the paper machine which is
sent back to the deinking plant,

The presence of catalase can easily be detected :
the addition of a known concentration of hydrogen
peroxide to the filtrate containing the catalase will
result in a quick decomposition of the peroxide
with the formation of oxygen bubbles.

The destruction of catalase by a thermal treatment
(above 70 °C) has been described. Although
efficient, this treatment is not suitable for all
stages in a deinking line. In the pulper, for
example, the temperature is limited to 50-55°C,
above which stickies start to melt and cause
serious problems. An alternative environmental
friendly solution consists in the application of a
powerful biocidal peroxygen compound : peracetic
acid (16). The catalase-forming micro-organisms
are killed by the application of peracetic acid, and
catalase formation is also inhibited. Peracetic acid
is injected in the white water circuit. As with all
biocides, peracetic acid has to be applied in "shock
doses”, due to its powerful nature and its lack of
residual activity. Within 24 hours and with four
different shock doses of peracetic acid, the water
circuit of a deinking plant can be disinfected. The
peroxide stability in the deinking ecircuits can thus
be restored and normal brightness gains observed.

4.3. Residuals of reductive bleaching agents

For several reasons, predominantly colour removal,
sodium hydrosulphite is sometimes wused in
combination with hydrogen peroxide in a two-stage
bleaching of deinked pulp. Hydrosulphite can also
be used to bleach the high yield pulp to be mixed
with the deinked pulp for the production of paper
containing a proportion of recycled fibres.

Residual amounts of hydrosulphite in the water
circuit can cause a loss of hydrogen peroxide
efficiency. Moreover, hydrosulphite by-products,
such as sodium  bisulphite and sodium
thiosulphate, have both a peroxide and caustic
gsoda demand. This means that not only must the
initial level of hydrogen peroxide be increased to
destroy the residual amount hydrosulphite but also
the caustic soda demand can vary in a deinking or
bleaching line when applying both reductive and
oxidative bleaching chemicals. This has to be
congidered in the optimisation of caustic soda and
hydrogen peroxide levels.

5. OXYGEN AND OZONE BLEACHING FOR
RECYCLED FIBRES

Recently several technical reports have been
published on bleaching of recycled fibres with
oxygen (17,18) or ozone (19-21). These strong
oxidative bleaching agents can only be used for
recycled fibre bleaching if no, or very little,
mechanical pulp is present in the wastepaper
furnish.

Oxygen alone can be wused to increase the
brightness of high-quality office waste. For these
furnishes, a higher efficiency was found when
peroxide was added together with oxygen (18). For
mixed office waste, containing a considerable
amount of mechanical pulp, the bleaching sequence
Ewp P was found to be more efficient than the
traditional hypochlorite final bleaching stage, for
furnishes with a kappa number greater than 5 (18).

The use of ozone in wastepaper bleaching is fairly
recent, compared to other commonly used
techniques (19). In general, recycled fibre
bleaching with ozone is limited to high-quality
office waste with very little mechanical pulp. A
recent report on the ozone bleaching of mixed office
waste showed limited results (1 to 2 °ISO) by the
use of ozone only (21). To obtain high brighiness
pulps, a two-stage bleach, i.e. ozone followed by
hydrogen peroxide, was suggested.

6. REDUCTIVE BLEACHING AGENTS

The most common reductive bleaching agent for
wastepaper is, as for mechanical pulp, sodium
hydrosulphite. The best bleaching conditions for
hydrosulphite are as follows : low pulp consistency
(3-5 %); pH 6; 1-2 hours at 60 °C (22). In order to
limit hydrosulphite decomposition, contact with air
should be avoided. It was also reported that for



high brightness gains the use of hydrogen peroxide
or a combination of hydrogen peroxide and
hydrosulphite bleaching is most efficient. Sodium
hydrosulphite has a positive effect on colour
destruction on the wastepaper furnishes and is
therefore often used in combination with hydrogen
peroxide (17). It has to be noted that hydrosulfite
and its by-products are more corrosive than most
oxidative bleaching agents.

Formamidine sulfinic acid (FAS) is another
reductive bleaching agent essentially used for
colour removal (23). FAS is not so reactive with air
and can therefore be used at high consistency.
FAS can also be formed in situ via the reaction of
hydrogen peroxide with thiourea (24). In a two-
stage bleaching sequence, peroxide-FAS, the
residual hydrogen peroxide from the first stage can
be used to form the FAS when only thiourea has to
be added.

7. EXPERIMENTAL

The results on newsprint/magazines mixtures have
been obtained with an equivalent mixture of 50 %
old newsprint and 50 % old magazines. The
reported results on mixed office waste were
obtained with a wastepaper sample being a
mixture of photocopies, brochures, computer
printout, carbonless copypaper, etc., containing less
than 10 % mechanical fibre.

Pulping time, temperature and consistency were
held fixed at 30 minutes, 50 °C and 11 %
respectively. 1 % fatty acid soap was added for
pulping ONP/OMG mixtures and 0.1 % DIG00
(KAO Corporation) was added for pulping mixed
office waste. The water hardness was corrected to
10 °dH (German degrees) for the water used in the
pulper and for the dilution to 0.8 % consistency
before flotation.

Flotation was carried out at 40 °C for 10 minutes.
Tower bleaches at 70 or 90 °C were performed in
polyethylene bags placed in a warm water bath.
Tower bleaches at 110 °C were performed in a
pressurised reactor vessel.

Disperser bleaching was simulated in the
laboratory with a high density pressurised mixing
unit with variable mixing speed. Pilot plant trials
were done at the LAMORT Research and
Development Centre in France.

For hydrogen peroxide and caustic soda the
chemical addition levels are given as a weight
percentage on oven dry pulp (% odp) of 100 %

reagent. Sodium silicate ig used on a solution basis
(Waterglass : 38 Bé). Its addition level is expressed
as percentage odp of the product as received. The
sequestering agents pentasodium-diethylene-
triamino-pentaacetate (DTPA) and a sodium salt
solution of diethylene-triamino-pentamethylene
phosphonic acid (DTPMP) were used as received :
40 % and 25 % active material respectively.

Brightness was measured on both sides of
brightness pads and reported as mean values. A
DATACOLOR brightness meter was equipped with
a UV filter at 420 nm to eliminate all effects of
optical brighteners on  the brightness
measurements.

To eliminate the influence of the pH on the
brightness measurement, the pads are neutralised
topH 7.
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