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A METHOD FOR BLEACHING LIGNOCELLULOSIC MATERIALS

RELATED APPLICATIONS

The present application claims priority from
Australian provisional application 2003906156, the entire
disclosure of which is hereby incorporated by reference.

TECHNICAL FIELD

The bresent invention relates to a method and
bleaching medium for bleaching lignocellulosic material.
More particularly, the present invention relates to the
use of additives that improves the performance of peroxide

and/or oxygen bleaching processes.

BACKGROUND OF THE INVENTION

Lignocellulosic materials such as wood pulps can
be bleached with many kinds of bleaching agents including
peroxides, oxygen, chlorine, chlorine dioxide and

hypochlorite, and so on.

Chlorine-containing bleaching agents are
inexpensive and effective. They are especially useful for
lignin-containing cellulosic materials like wood pulps,
due to their selective reactions on lignin. One major
problem associated with the use of chlorine~-containing
bleaches is their great impairment on the environment.
Unfortunately, chlorine-containing compounds are still
predominantly used in paper pulp industry. This is because
the chlorine-free bleaching agents like hydrogen peroxide
and oxygen have limited bleaching action and are unable to
achieve a satisfactory quality of bleached pulp

economically.

7o reduce the use of chlorine-containing agents
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in pulp industry, an effort has been made to use peroxide
and/or oxygen bleaching agents and improve the performance

of the chlorine-free bleaching processes.

To date, a number of methods have been proposed
for achieving this. Generally these methods involve the
use of a bleaching assistant, activator or agent to
enhance the bleaching effect of hydrogen peroxide and/or
oxygen.

US Patent Nos. 4,392,975 and 5,034,096 describe
methods for bleaching textiles and wood pulps using
hydrogen peroxide assisted by cyanamide and derivatives
thereof for improving the bleaching performance of

hydrogen peroxide.

US Patent Nos. 6,248,209 and 6,342,124 describe
methods of bleaching paper pulp using hydrogen peroxide or
oxygen assisted by polyether compounds of a particular

formula.

US Patent Nos. 5,145,558 and 5,013,404 and EP
Patent No. 0639666 describe methods of bleaching paper
pulp using hydrogen peroxide assisted by quaternary

ammonium compounds.

US Patent No. H479 describes a method of
bleaching paper pulp using hydrogen peroxide assisted by
alkenylsuccinic anhydride.

US Patent Nos. 4,404,061 and 5,698,075 and EP
Patent No. 1111033 describe improved methods of pulping
and bleaching pulps by using peroxymonosulfuric acid or

its salt peroxymonosulfate.

In addition to the above examples, a process is

presently available for bleaching substrates containing
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cellulose and lignocellulose using a hydrogen peroxide
bleaching agent in combination with
tetraacetylethylenediamine (TAED). TAED has poor water
solubility, which can prevent it from being used in some

commercial applications.

All the above methods suffer from various
drawbacks, one of them being that they are not
sufficiently efficient and effective for industrial

bleaching practice.

Accordingly, there is still a need for an
alternative method and bleaching medium that is efficient
and effective in industrial lignocellulose bleaching

operations.

SUMMARY OF THE INVENTION

According to the present invention there is
provided a method of bleaching a lignocellulosic material
comprising contacting the lignocellcellulosic material
during a peroxide and/or oxygen bleaching process with a
peroxide and/or oxygen bleaching agent, substituted urea-

based additive and an inorganic silicate.

Although a large range of substituted
urea-based additives are effective, the more preferred
class of substituted urea-based additives are alkyl ureas.
These substituted urea-based additives perform especially
well in enhancing the performance of peroxide and/or
oxygen bleaching agents in lignocellulose bleaching

processes with minimum deterioration on fibre strength.

It has been found that a synergistic
activation/acceleration bleaching effect can be achieved
when an inorganic persulfate or perphosphate compound is

used together with a substituted urea-based additive and
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an inorganic silicate.

The present applicant has found that the use of
a substituted urea-based additive, an inorganic silicate
and an inorganic persulfate or perphosphate compound
during a peroxide and/or oxygen bleaching process enhances
the bleaching action of the peroxide and/or oxygen
bleaching agent with reduced chemical and energy

consumption.

The present invention also provides a bleach
additive composition for use in bleaching lignocellulosic
materials, the bleach additive composition containing one
or more substituted urea-based additives and an inorganic
silicate. The bleach additive composition may optionally
further comprise one or more components selected from the
group consisting of stabilisers, buffers and formulating

agents.

The bleach additive composition preferably also

contains an inorganic persulfate or perphosphate compound.

The bleach additive composition may be in the
form of a solution, concentrate or solid. If in the form
of a concentrate or solid, it can be diluted with water

prior to use in a bleaching process.

The present invention also provides for the use
of a substituted urea-based compound as a bleaching
additive in a peroxide and/or oxygen bleaching process
conducted in the presence of an inorganic silicate, to
improve the bleaching action in the bleaching process.
There is also provided the use of a substituted urea-based
compound and an inorganic silicate as bleaching additives
in a peroxide and/or oxygen bleaching process to improve

the bleaching action in the bleaching process.
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The present invention also provides for the use
of a substituted urea-based compound to increase the
selectivity of a peroxide and/or oxygen bleaching agent in
reaction with the lignin content of the cellulosic
material over the carbohydrate content, in the presence of

an inorganic silicate.

DETAILED DESCRIPTION OF THE INVENTION

According to the method of the present
invention, a substituted urea-based compound and inorganic
silicate are used as additives in a peroxide and/or oxygen

bleaching process for bleaching lignocellulosic materials.

The term “substituted urea-based additive” or
wgubstituted urea-based compound”, which may be
abbreviated to “substituted urea”, is used to refer to a

compound containing the following group:

Consequently, the term encompasses biureas and
derivatives thereof as these compounds contain the group
illustrated above. However, where compounds containing a
single urea unit only are intended, the term “monoureas”
will be used to distinguish from the broader class of
ureas of which biurea is a member. In the case of

biureas, these are suitably substituted biureas.

The term encompasses salt forms of such
compounds, since by definition the salts are substituted

urea-based compounds.

Aromatic and aliphatic ureas are encompassed by

the term substituted urea-based additive.
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It is noted, however, that the term does not
include urea itself (H,N-C(=0)-NH;), since by definition

urea is unsubstituted.

Although a large range of substituted urea-based
additives are effective, the preferred substituted urea-
based additives are alkyl-, alkenyl-, alkynyl-, aryl-,
sulfonyl-, acyl-, alkoxyl-, halo- and imino- ureas,

including derivatives and/or salts thereof.

The more preferred class of substituted urea-
based additives is the alkyl ureas. The alkyl substituted
urea may be monourea or a biurea.

By way of explanation, “alkyl urea” refers to
urea substituted with an alkyl group or a derivative
thereof. Unless otherwise indicated by the context, an
alkyl urea, for example, can also be an acyl urea if the
urea compound is also substituted with an acyl group. Such
a compound may also be referred to as an alkyl acyl urea.
It is also noted that the term “alkyl urea”, for instance,
encompasses dialkyl, trialkyl and tetraalkyl urea.

The term “alkyl” used either alone or in
compound words such as “aralkyl” refers to straight chain,
branched chain or cyclic hydrocarbon groups having from 1
to 10 carbon atoms, preferably 1 to 6 carbon atoms.
Tllustrative of such alkyl groups are methyl, ethyl,
propyl, isopropyl, butyl, isobutyl, sec-butyl, tert-butyl,
pentyl, neopentyl, hexyl, cyclopropyl, cyclobutyl,
cyclopentyl, cyclohexyl, and the like.

Oof the alkyl ureas, those containing no covalent
substituents other than the alkyl substituent are
preferred. Of these alkyl ureas, those containing
asymmetric substitution pattern (like N-alkyl and 1,1-
dialkyl substitution) or tetraalkyl substitution (i.e.
alkylureas other than 1,3-dialkyl ureas) produce excellent

results.
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Preferably, the alkyl group or groups are Cl-C6
alkyl. More preferably, each alkyl group in the alkyl
ureas include 1 to 4 carbon atoms.

Preferably the alkyl ureas are monoureas.

The most preferred alkyl ureas are 1,1-
dimethylurea, 1,l1l-diethylurea, 1,1-dipropylurea, 1,1-
dibutylurea and tetramethylurea.

The term “acyl urea” is used to refer to ureas
containing at least one acyl group.
The term “acyl” denotes carbamoyl-, aliphatic-

acyl group, acyl group containing an aromatic ring, which

.is referred to as aromatic acyl or an acyl group

containing a heterocyclic ring, which is referred to as
heterocyclic acyl. Preferably the acyl group or groups
have 1 to 20 carbon atoms. More preferably, each acyl
group in the acyl ureas has 1 to 14 carbon atoms. Examples
of acyl include carbamoyl, such as -C(0)-NHz, -C(O)NHCH;
and so forth; straight chain or branched alkanoyl, such as
acetyl, propanoyl, butanoyl, 2-methylpropanoyl, octanoyl;
alkoxycarbonyl, such as ethoxycarbonyl;
cycloalkylcarbonyl, such as cyclohexylcarbonyl; aroyl,
such as benzoyl, toluoyl or naphthoyl; and aralkanoyl,
such as phenylalkanoyl, for example, phenylacetyl.

Typical examples of acyl groups are benzoyl and
acetyl. ‘

The substituted ureas and their salts, which
have good water solubility, are particularly suitable for
use in the present invention. Any organic or inorganic
salt may be used, although for human health and safety
reasons nitrate salts are not preferred. Examples of
suitable salts are hydrochloride, sulfate, acetate and
sulfonate.

A large number of substituted urea-based
compounds of a range of classes are commercially

available. Examples include 1,1l-dimethylurea, 1,3-
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dimethylurea, 1',1',3',3'-tetramethylurea, 1l-ethylurea, 1,1-
diethylurea, l-benzoylurea, l-benzylurea, guanylurea, N-
guanylurea sulfate, hydroxyethylurea, acetylurea, 1,3-
diethylurea, tetraethylurea, allylureas, diallylureas and
cyclohexylurea.

Either one type or a mixture of substituted

urea-based additives can be used.

In one embodiment of the invention, the

substituted urea-based additive is of Formula I:

Rl 0 R3
\\N ﬂ N// Formula I
/ AN
R? R4
wherein

R! is selected from the group consisting of alkyl
or a derivative thereof, alkenyl or a derivative thereof,
alkynyl or a derivative thereof, aryl or a derivative
thereof, sulfonyl or a derivative thereof, acyl or a
derivative thereof, alkoxyl, halo and imino or their
derivatives thereof; and

R? to R* each are independently selected from the
group consisting of H, alkyl or a derivative thereof,
alkenyl or a derivative thereof, alkynyl or a derivative
thereof, aryl or a derivative thereof, aminocarbonyl or a
derivative thereof, acyl, sulfonyl, alkoxyl, halo and

imino or their derivatives thereof.

According to one embodiment of the invention, at
least one of R? to R* is H.

Compounds containing aminocarbamoyl as one of
the substituents R? to R* are commonly referred to as

biureas.

In the foregoing, the term “derivative” refers
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to replacement of one or more hydrogen atoms in the said
compound or substituent by one or more functional groups
selected from alkyl, alkenyl, alkynyl, aryl, acyl,
sulfonyl, hydroxyl, alkoxyl, halo and amine. Where aryl
groups are mentioned, the aryl group is preferably
carbocyclic, such as phenyl, napthyl and so forth. The
most preferred substituted urea-based compounds are not

further derivatised.

The term “inorganic silicate” is used broadly to
encompass alkali metal silicates and alkali metal
metasilicates. One specific example is sodium silicate or

sodium metasilicate.

Although inorganic silicate is sometimes used as
a stabilizer in bleaching operations, in the method of
this invention, the function of the silicate is far beyond
a stabilizing role. Replacement of the inorganic silicate
with another organic or inorganic stabiliser in the
bleaching system containing peroxide (and/or oxygen) and a
substituted urea, does not produce the same results as
produced with the inorganic silicate, i.e. diminishes the
activated bleaching effect. Test work conducted using the
substituted urea, inorganic silicate and bleaching agent
on non-lignocellulosic material such as cotton also did
not produce bleaching enhancement (i.e. no more than using
peroxide alone). Therefore, without wishing to be bound by
theory, it is believed that the inorganic silicate is
involved in the production of an active complex formed in
situ with the substituted urea-based additive, the
bleaching agent, and possibly another component present in
the lignocellulosic material.

Peroxide and/or oxygen can be used as the
bleaching agent, however, it is preferred for the
bleaching agent to include a peroxide. The term “peroxide”
is used herein in the broadest sense to refer to all

peroxide-containing or peroxide-generating/releasing
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compounds, such as hydrogen peroxide, sodium peroxide,
sodium perborate, sodium percarbonate, peroxymonosulfate,
peroxymonosulfuric acid, potassium peroxydisulfate, sodium
peroxydisulfate (often called persulfate), ammonium
persulfate, potassium peroxydiphosphate, ammonium
peroxydiphosphate and peroxy acids. Hydrogen peroxide is
the most commonly used peroxide bleaching agent, and
therefore in one embodiment of the invention, the

bleaching agent is hydrogen peroxide.

Any other additives known in the art can also be
present during the peroxide and/or oxygen bleaching
process. Possible additives include peroxide activators,
stabilisers, buffers, chelating agents, alkali sources and
formulating agents. These are well known in the art of the
invention. The additives used may have more than one
function. Further, for the avoidance of any doubt, it is
noted that the singular forms “a” “an” and “the” should be
read as encompassing plural forms, and less the context
clearly indicates otherwise. Comnsequently, for example,
the reference to “a substituted urea-based additive”
should be read as encompassing one, two or more such

substituted urea-based additives.

Tt has been found that an inorganic pexrsulfate
or perphosphate can be used in conjunction with the
peroxide, sodium silicate and the substituted urea-based
additive to achieve a further improved bleaching effect or

a synergistic activation/acceleration effect.

It is contemplated that a substituted urea-based
additive or combination of the substituted urea-based
additive with the inorganic silicate, and/or the inorganic
peroxide compound could be supplied in a pre-packaged form
with other components. Such components may help to
maintain the substituted urea-based additive or the

additive combination in a solution, mixture or suspension
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form, or in a state resistant chemical change. Examples of
these additional components include stabilisers, buffers
and formulating agents. The composition may be supplied
in a suitable ratio, so that the composition can be simply
diluted to the required extent to be used directly in the

bleaching operation.

The term “stabiliser” refers to an agent that
controls the decomposition rate of the peroxide bleaching
agent, and combines with metal impurities that may
catalyse decomposition of peroxide and induce fiber
damage. Stabilisers are well known in the art of the
invention. Examples of bleaching stabilisers are the
inorganic stabilisers, such as sodium silicate and
polyphosphates, and the organic stabilisers such as
aminocarboxylates (diethylenetriaminepentaacetic acid),
hydroxycarboxylates (glucoheptonic acid) and
organophosphonates [ethylenediaminetetra
(methylenephosphonic acid) and diethylenetriaminepenta
(methylenephosphonic acid)]. These are sometimes referred
to as sequestering or chelating agents.

The term “buffer” refers to an agent that
minimises the change in the pH of a solution when an acid
or base is added to the solution. Examples of suitable
buffers are sodium acetate/acetic acid, citric acid/sodium
citrate, potassium hydrogen phthalate/HCl and citric
acid/disodium hydrogen phosphate.

The term “formulating agents” generally refers
to additives such as surfactants, solvents, binders and

encapsulating materials.

The invention can be implemented in most
existing bleaching plants and processes that utilise
peroxide and/or oxygen bleaching agents with little or no

alterations to the equipment of the plant.
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The method of the present invention can be
carried out over a broad range of operating conditions.
The optimal operating conditions for the method will
depend, amongst other things, on the precise nature of the
substrate being bleached and the required properties of

the final product.

Preferably, the lignocellulosic material
contacts the peroxide and/or oxygen bleaching agent and
the additives (substituted urea and silicate) at the
peroxide and/or oxygen bleaching stage of the bleaching

process.

The substituted urea-based additives may, in
fact, be contacted with the lignocellulosic material
before, at the same time as, or following contact of the
cellulosic material with the peroxide and/or oxygen
bleaching agent. Consequently, it will be understood that
the reference to the bleaching process broadly encompasses
the period preceding and following contacting of the
lignocellulosic material with the bleach. However, it is
preferred that the peroxide and/or oxygen bleaching agent
be contacted with lignocellulosic material in the presence
of the substituted urea-based additive and the inorganic
silicate. The additives may additionally be used in

multiple stages.

Preferably, the substituted urea-based additive
is used in an amount of 0.1-5.0% (more preferably 0.1-
3.0%) by weight based on the amount of oven-dried

lignocellulosic material (such as pulp).

Preferably, the inorganic silicate is used in an
amount of 0.5% - 5.0%, more preferably from 1 to 2%, on
weight of oven dried lignocellulosic material (such as

pulp) .
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In the situation where the bleaching agent is
hydrogen peroxide, preferably the peroxide is used in an
amount of 0.1-5.0% (more preferably 0.1-2.5%) by weight
based on the amount of oven-dried lignocellulosic material

(such as pulp).

Tn the situation where an inorganic persulfate
or perphosphate compound is used, a preferred ratio of the
substituted urea-based compound to the inorganic peroxide
compound in the additive composition ranges from 1:1 to
10:1.

The peroxide bleaching process is preferably
conducted at a temperature between 20°C and 100°C,
preferably 50°C and 100°C, and more preferably between 55°C
and 90°C. When oxygen bleaching is conducted, the
temperature is preferably between 802C and 115°C.

The bleaching process is suitably conducted in
an alkaline environmment. This can be achieved by the
addition of an alkaline medium. Any suitable alkaline
medium can be used. The amount of alkaline medium to be
added, based on the amount of oven-dried pulp, is
preferably from 0.1% to 3.0% in terms of sodium oxide
(Na,0), more preferably 0.2 to 3.0%, or a comparative
amount for other alkaline mediums. When an inorganic
peroxide compound is incorporated, the bleaching process
is more preferably carried out at relatively mild

conditions in order to minimise cellulose degradation.

The term “lignocellulosic material” refers to
lignin-containing cellulosic materials. The term
encompasses wood fibres, non-wood natural fibres,
secondary or recycled fibres, and pulps originating £from

any of the above mentioned fibres.
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In the context of wood fibres, it is noted that
trees are classified botanically as softwoods and
hardwoods. Softwoods generally contain a higher
percentage of lignin and lower percentage of hemicellulose
than the hardwoods.

The non-wood lignosic fibres include bast fibres
such as hemp, jute, flax and kenaf; stalk or core fibres

from cereal grains, grasses, and other straw.

Pulps can be classified as mechanical pulps,
chemi-mechanical pulps, semi-mechanical pulps and chemical
pulps, according to the pulping processes used. More than
70% of pulps produced industrially are chemical pulps.
Chemical pulps are most often sulfite pulps or kraft
pulps. Sulfite pulps constitute 5% of chemical pulping
operations, and utilise bisulfite or sulfite in the
pulping process. Kraft pulps constitute 95% of all
industrial chemical pulping operations, and typically
utilise a mixture of sodium hydroxide and sodium sulfide

in the pulping process.

The methods of the present invention are suitable
for use on both softwood and hardwood fibres, and non-wood
lignosic fibres; and pulps derived from these fibres by

various pulping processes.

The methods of the present invention are
preferably for use on chemical pulps derived from the
lignocellulosic fibres, and most preferably for use on
kraft pulp derived from these fibres.

The method is also effective for bleaching both
unbleached pulp and the pulp that have been pre-bleached
by various pulp bleaching sequences, such as, O(EO),
O(EOP), OZ(EOP), D(EO), OD(EOP) and (EOP) (D/C) (EOP).
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In the above sequences mentioned, the standard
abbreviations known in the art are used as short-hand
reference for the following stages:

C=chlorination; reaction with elemental chlorine in acidic
medium.

D=chlorine dioxide; reaction with Cl0, in acidic medium.
H=hypochlorite; reaction with hypochlorite in alkaline
medium.

Z=ozone; reaction with ozone in acidic medium.

E=alkaline extraction; dissolution of reaction products
with NaOH;

O=oxygen; reaction with oxygen at high pressure.

P=peroxide; reaction with peroxide in alkaline medium.

The invention allows bleaching of substrates
containing lignocellulose to be carried out at relatively
milder operating conditions, which reduces energy and
bleaching agent consumption and preserves desirable

qualities of the substrate being bleached.

The process is suitably incorporated in one or
several stages of a multiple step bleaching sequence. Any
combination of suitable stages known or developed in the
art may be used in combination with the bleaching process

of the present invention.

The invention allows lignocellulosic materials to
be bleached to ISO brightness of 90% with a Total
Chlorine-Free process (TCF process). Examples of TCF
processes include a bleaching process involving oxygen
bleaching/delignification stage followed by a peroxide
bleaching stage, an oxygen bleaching/delignification stage
followed by an ozone treatment and peroxide bleaching
stage, and multi-peroxide bleaching processes. The stages

outlined above are all chlorine-free procedures.

Where there are multiple bleaching stages, the
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additives may be used in one, some or all of the bleaching
stages. For example, the substituted urea-based additive
may be contacted with the lignocellulosic material prior
to a peroxide bleaching stage or in an extraction stage
following an oxygen bleaching/delignifying stage. These

applications are also included in the present invention.

The use of a substituted urea-based additive
increases the selectivity of a peroxide and/or oxygen
bleaching agent in reaction with the lignin content of the
cellulosic material over the carbohydrate content. As a
result, the lignin content of the cellulosic material is
reduced with minimal degradation on cellulose thereby
maintaining the viscosity and/or strength of the

cellulosic material.

The term “bleaching medium” is used broadly to
refer to a bleaching liquid, concentrate or solution. The
bleaching medium of the present invention contains at
least a bleaching agent containing peroxide and/or oxygen
and a substituted urea-based additive. These are described
above in full with respect to the method of the invention.

In the claims which follow and in the preceding
description of the invention, except where the context
requires otherwise due to express language Or necessary
implication, the word “comprise” or variations such as
“comprises” or “comprising” is used in an inclusive sense,
i.e. to specify the presence of the stated features but
not to preclude the presence or addition of further

features.

ILLUSTRATIVE EXAMPLES

The present invention will now be described with

reference to the following non-limiting Examples.
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Each example consisted of a set of trials that
involved bleaching a lignocellulosic material with the
control bleaching solution, and a bleaching solution of
the present invention. The bleaching solutions of the
present invention were made by adding a substituted urea-
based additive to the control solution (sodium silicate

was added in the control solution, if not specified).

A control bleaching solution used in the trials

conducted by the applicant consisted of the following:
Chemicals % OI; 11;~:7Lepig(l':)t:n oof. ;\;eu:;- pd;r:l.ed
Sodium Silicate 1.2-1.8
H,0, 0.5-2.0
NaOH 0.1-0.8

The substituted urea-based additives used in the

following examples included:

1,3-dimethylurea (1, 3-DMU)
1,1-dimethylurea (1,1-DMU)
1',1',3',3'-tetramethylurea (TMU)
1,1-diethylurea (1, 1-DEU)
1',1', 3", 3'-tetraethylurea (TEU)
N-allylurea

benzoylurea

benzvlurea

N-guanylurea sulfate
(2-hydroxyethyl)urea

Procedure

Pulp samples were first de-watered in a
mechanical press to about 27% to 34% consistency and
crumbed. Samples of 50g each (o.d. basis) were then placed
in a plastic bag and make up liquor and chemicals added to

give a pulp comsistency of 20 to 24%, if not specified.
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The treated pulp was held in a waterbath or an oven at a

set temperature for certain hours.

After bleaching, the bleached samples were washed

and neutralised with diluted sulfuric acid.

The ISO brightness (%) and CIE whiteness (%) of
bleached pulp samples were measured on a GretagMacbeth

Color-Eye 7000A Spectrophotometer.

Examples 1 to 9 involved the bleaching of a

hardwood eucalypt kraft pulp.

The following trials were carried out using
unbleached native forest eucalypt Kraft pulp from a
commercial mill (with Kappa number 9.2). The Kappa numbers
of the pulps were determined according to Australian
Standard method AS 1301.201m-86.

Example 1. Bleaching of unbleached eucalypt kraft pulp
with 2% H,0, at 70°C for 4 hours.

Trial Additive in the control CIE ISOo
No. solution (% on o.d. pulp) Whiteness Brightness
1 Control 10.52 60.47
2 0.65% 1,1-DEU 21.81 65.47
3 1.0% TMU 19.72 64.37

Trial No. 1 was carried out using the control
solution. Trial Nos. 2 and 3 were carried out using a
bleaching solution of the present invention, i.e.
containing a substituted urea-based additive in the
presence of sodium silicate. As can be seen, a greater
degree of whiteness and brightness was achieved in Trial
Nos. 2 and 3.

Example 2. Bleaching of unbleached eucalypt kraft pulp
with 2% H,0, at 90°C for 2.5 hours.
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Trial Additive in the control CIE ISsOo
No. solution (% on o.d. pulp) Whiteness Brightness
4 Control 18.43 63.76
5 0.65% 1,1-DEU 30.29 68.81
6 0.65% benzoylurea 21.38 64.96

10

15

Trial No. 4 was carried out using the control

solution. Trial Nos. 5 and 6 were carried out using a

bleaching solution of the present invention. Again, using

a bleaching solution of the present invention achieved a

greater degree of whiteness and brightness.

Example 3. Bleaching of unbleached eucalypt kraft pulp
with 2% H,0, at 55°C for 28 hours.

Trial Additive in the control CIE ISO
No. solution (% on o.d. pulp) Whiteness Brightness
7 Control 23.01 . 66.42
8 0.25% 1,1-DEU 30.20 69.34
9 0.5% 1,1-DEU 34.12 70.94
10 1.0% 1,1-DEU 39.71 73.57

As can be seen, a greater degree of whiteness

and brightness was achieved at 552C when the control

solution contained a substituted urea-based additive.

Example 4. Bleaching of unbleached eucalypt kraft pulp
with 2% H,0, at 55°C for 19 hours.

Trial Additives in the control CIE IS0
No. solution (% on o.d. pulp) Whiteness Brightness
11 Control 13.63 61.52
12 1.0% 1,1-dimethylurea 20.03 65.02
13 1.0% 1,1-diethylurea 27.62 68.39
14 1.0% TMU 23.13 66.27
15 1.0% TEU 16.52 63.59
16 1.0% N-allylurea 16.40 63.32
17 0.6% 1,3-DMU 14.70 62.18
18 0.6% N-guanylurea sulfate 17.12 63.45
19 0.6% benzylurea 19.95 64.48
20 0.6% (2-hydroxyethyl)urea 14.52 61.96
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The results in Example 4 demonstrate the
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effectiveness of variously substituted ureas.

Example 5. Bleaching of eucalypt kraft pulp (unbleached)

with triple P (peroxide) Stages

sequentially or successively with triple peroxide

The unbleached Kraft pulp was bleached

bleaching processes. The first stage of the bleaching

process was carried out at a temperature of 552C for 38

hours with 2% H,0, and pulp consistency of 21.4%. Both the

second and third stages of the bleaching process were

carried out at a temperature of 552C for 23 hours with 1%

H,0, and pulp consistency of 30%.
rrial Additive in Fpe CIE IS0 . Pulg
control solution . . Viscosity
No. o Whiteness Brightness
(% on o.d. pulp) (mPa.s)
21 Control 57.689 80.529 7.50
22 1.0% 1,1-DEU 74.738 88.857 7.29
23 2.0% 1,1-DEU 77.631 89.660 7.14

Prial No. 21 was carried out using the control

solution at each of the bleaching stages. Trial Nos. 22

and 23 were carried out using a bleaching solution of the

present invention,

i.e. containing a substituted urea-

based additive in the presence of sodium silicate, in each

of the bleaching stages.

These results clearly demonstrate the

effectiveness and selectiveness of the substituted urea-

based additive, i.e. substantially improved pulp whiteness

and brightness with minor change in pulp viscosity. The

results also demonstrate that by employing a substituted

urea-based additive, a high level of pulp whiteness and

brightness (fully bleached pulp) can be achieved with a

Totally Chlorine-Free (TCF) process.
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* The pulp viscosity was measured according to a Standard
Method TAPPI T230.

Example 6. Comparative bleaching trials

A substituted urea-based additive of the present
invention was compared with the prior art additives such
as N,N,N',N'-tetraacetylethylenediamine (TAED),
nonanoylbenzene sulfonate (NOBS) and cyanamide

(nitrilamine) .

Bleaching was carried out at a temperature of
552C for 20 hours with 2% H,0,.

Trial Additives in the control CIE IS0
No. solution (% on o.d. pulp) Whiteness Brightness
24 Control 15.72 62.81
25 0.7% cyanamide 20.11 64.01
26 0.7% TAED 22.01 64.90
27 0.7% NOBS 17.67 63.81
28 0.7% 1,1-DEU 25.65 66.99

Results of these comparative trials show that
under the conditions examined, 1,1-DEU is significantly
superior to the prior art additives in Kraft pulp

bleaching.

Example 7. Bleaching of unbleached eucalypt kraft pulp
with 2% H,0, at 70°C for 2 hours.

Trial | Additives in the control CIE IS0
No. solution (% on o.d. pulp) | Whiteness | Brightness
29 Control 13.17 60.93
30 0.6% persulfate 18.08 63.16
31 0.6% 1,1-DEU 21.09 65.02

0.3% potassium persulfate
32 3% 1 1opEy 23.92 66.96
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The results of Trial No. 32 highlight the
synergistic effect of a substituted urea-based additive

with an inorganic peroxide compound.

Example 8. Bleaching of D(EO) pre-bleached eucalypt kraft
pulp with 2% H,0, at 55°C for 24 hours.

The Kraft pulp samples used for Example 8 were
pre-bleached with a standard sequence, i.e. chlorine
dioxide was used to treat the pulp first (followed by a
wash stage), and then an alkali extraction boosted with
oxygen (again followed by a wash stage). In standard
notation this sequence is abbreviated as D(EO), where D =
chlorine dioxide, E = alkali extraction and O = oxygen.
Bracketing the letters (EO) together indicates that the
two chemicals were added concurrently, i.e. without a wash
stage between the chemical treatments. After this pre-

bleaching sequence, the Kappa number was 2.4.

Trial Additives in the control CIE IS0
No. solution (% on o.d. pulp) Wwhiteness | Brightness
33 Control 64.36 83.56
34 1% 1,1-DEU 68.88 86.18
35 2% 1,1-DEU 72.84 88.01

The results show that the substituted urea-based
additive can also be used in a conventional bleaching
sequence to provide a substantial increase in brightness
and whiteness of the D(EO) pulp.

Example 9. Bleaching of O(EOP) pre-bleached eucalypt kraft
pulp.

The Kraft pulp samples used in Example 9 were
pre-bleached with O(EOP) sequence. After this pre-
bleaching sequence, the Kappa number was 4.1.
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In Example 9, the O(EOP) pulp was sequentially
bleached with double peroxide bleaching stages. The first
stage of the bleaching process was carried out at a
temperature of 552C for 40 hours with 2% H;0, The second
stage of the bleaching process was carried out at a
temperature of 552C for 12 hours with 0.5% Hz0:.

Trial Additives in the control CIE ISO
No. solution (% on o.d. pulp) | Whiteness Brightness
36 Control 66.50 84.33
37 1% 1,1-DEU +0.2% 75.09 88.96

potassium persulfate

The results of these trials demonstrate that by
employing a combination of the substituted urea-based
additive with persulfate in the presence of sodium
silicate, a high level of pulp whiteness and brightness
can be achieved with a Totally Chlorine-Free (TCF)

process.

Examples 10 to 12 involved the bleaching of a
softwood pine kraft pulp. The pine kraft pulp used for the
trials in Examples 10 to 12 was pre-bleached with
OZ (EOP)bleaching sequence. After this pre-bleaching
sequence, the pulp brightness was 77%.

Example 10. Bleaching of the OZ(EOP) pine kraft pulp with

2% H,0, at 552C for 21 hours

Trial Additive in the control CIE IS0
No. solution (% on o.d. pulp) Whiteness Brightness
38 Control 77.36 88.83
39 1.5% 1,1-DEU 83.78 92.22

Trial No. 38 was carried out using the control
solution. Trial No. 39 was carried out using a bleaching
solution of the present invention. As can be seen, a

greater degree of whiteness and brightness was achieved in
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Example 11. Bleaching of the OZ(EOP) pine kraft pulp with
2% H,0, at 702C for 3.5 hours

Trial Additive in the control CIE ISO
No. solution (% on o.d. pulp) Whiteness Brightness
40 Control 70.50 86.54
41 1.5% 1,1-DMU 73.15 88.02
42 1.5% 1,1-DEU 76.96 89.80

The results in Examples 10 and 11 demonstrate

that by employing the bleaching conditions of the present

invention, a pulp brightness of 90% ISO can be achieved

with a Totally Chlorine-~Free (TCF) bleaching process.

Example 12. Bleaching of the OZ(EOP) pine kraft pulp with

2% H,0, at 702C for 3.5 hours in the absence of sodium

silicate

Example 12 was designed to test the impact of the

sodium silicate on the bleaching performance.

In Example 12,

the same OZ(EOP) pine kraft pulp

was subjected to bleaching under the same conditions as

those used in Example 11, except that sodium silicate was

replaced by a suitable amount of Stabilisator 9188

(Béhme), a commercial organic stabiliser.

Trial | Additive in the control* CIE ISO
No. solution (% on o.d. pulp) Whiteness Brightness
43 Control* (no silicate) 70.93 86.81
44 1.5% 1,1-DMU 70.35 86.42
45 1.5% 1,1-DEU 70.69 86.77

Similar results were obtained with other stabilisers such

as DTMPA =

acid.

diethylenetriamine-penta (methylenephosphonic)

By comparing the results of Trials 43 to 45 with
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those of Trials 40 to 42 respectively, it can be seen that
the inorganic silicate has a significant impact om the
bleaching operation, beyond its role as a stabilizer in
this invention. The alkylurea compounds could not provide
any improvement in pulp brightness in the absence of

sodium silicate.

Overall, the trials show that the addition of a
substituted urea-based additive and an inorganic silicate
to a peroxide bleaching solution greatly enhances the
performance of the bleaching process, particularly in
terms of whiteness and brightness. The trials also show
that the additives of the present invention work well at
different temperatures and over varying time periods,
making it suitable for use in industrial bleaching
processes. The process may be incorporated with other
bleaching and/or delignifying steps in a paper pulp

treatment or production operation.

While the present application has been
illustrated by bleaching paper pulps, it is to be
understood that other lignocellulosic materials may be
bleached in an identical or similar fashion. Accoxdingly,
the bleaching of all such materials using a substituted
urea-based additive and inorganic silicate or combinations
of these additives with other additives and/or activators
known in the art is expressly within the scope of the

present invention.

It will be understood to persons skilled in the
art of the invention that many modifications may be made
without departing from the spirit and scope of the

invention.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A method of bleaching a lignocellulosic material
comprising contacting the lignocellcellulosic material
during a peroxide and/or oxygen bleaching process with a
peroxide and/or oxygen bleaching agent, substituted urea-

based additive and an inorganic silicate.

2. The method of claim 1, wherein the substituted
urea-based additive is selected from alkyl-, alkenyl-,
alkynyl-, aryl-, sulfonyl- and acyl- ureas, or a

derivative and/or salt thereof.

3. The method of claim 1, wherein the substituted
urea-based additives is an alkyl urea or a derivative

and/or salt thereof.

4. The method of c¢laim 3, wherein the alkyl urea
contains an asymmetric substitution pattern or tetraalkyl

substitution.

5. The method of claim 3 or claim 4, wherein the
alkyl group or groups of the alkyl urea are Cl-C6 alkyl.

6. The method of any one of claims 3 to 5, wherein

the alkyl urea is a monourea.

7. The method of claim 3, wherein the alkyl urea is
1,1-diethylurea, tetramethylurea, 1,1l-dimethylurea, 1,1-
dipropylurea and 1,1-dibutylurea or a salt thereof.
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8. The method of claim 1, wherein the substituted

urea-based additive is of Formula I:

Rl 0 R3
\N |C|: N/ Formula I
o N
wherein

R! is selected from the group consisting of alkyl
or a derivative thereof, alkenyl ox a derivative thereof,
alkynyl or a derivative thereof, aryl or a derivative
thereof, sulfonyl or a derivative thereof, and acyl or a
derivative thereof; and

R? to R* each are independently selected from the
group consisting of H, alkyl or a derivative thereof,
alkenyl or a derivative thereof, alkynyl or a derivative
thereof, aryl or a derivative thereof, aminocarbonyl or a
derivative thereof, acyl or a deriwvative thereof, sulfonyl
or a derivative thereof, alkoxyl oxr a derivative thereof,
halo and imino or a derivative thexeof,

or a salt thereof.

9. The method of any one of claims 1 to 8, wherein
the inorganic silicate is selected from alkali metal

silicates and alkali metal metasilicates.

10. The method of any one of claims 1 to 9, wherein

the peroxide is hydrogen peroxide.

11. The method of any one of claims 1 to 10, wherein
the lignocellulosic material is comtacted with any one or
more compounds selected from additional peroxide

activators, stabilisers, buffers, chelating agents, alkali
sources and formulating agents, duxring the peroxide and/or

oxygen bleaching process.
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12. The method of any one of claims 1 to 11, wherein
the lignocellulosic material is contacted with an
inorganic peroxide activator selected from inorganic
persulfate or inorganic perphosphate or salts thereof

during the peroxide and/or oxygen bleaching process.

13. The method of claim 12, wherein the ratio of
substituted urea-based compound to the inorganic peroxide
activator selected from persulfate or perphosphate
contacted with the lignocellulosic material is in within

the range of 1:1 to 10:1.

14. The method of any one of claims 1 to 13, wherein
the substituted urea-based additive is used in an amount
of 0.1-5.0% by weight based on the amount of oven-dried

lignocellulosic material.

15. The method of any one of claims 1 to 14, wherein
the inorganic silicate is used in an amount of 0.5% - 5.0%

by weight of oven dried lignocellulosic material.

16. The method of any one of claims 1 to 15, wherein
the bleaching agent is hydrogen peroxide, and the hydrogen
peroxide is contacted with the lignocellulosic material in
an amount of 0.1-5.0% by weight based on the amount of

oven-dried lignocellulosic material.

17. The method of any one of claims 1 to 16, wherein
peroxide is used as the bleaching agent, and the bleaching
process is conducted at a temperature of between 20°C and
100°C.

18. The method of any one of claims 1 to 16, wherein
the oxygen is used as the bleaching agent, and the
bleaching process is conducted at a temperature of between
852C and 115:2C.
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19. The method of any one of claims 1 to 18, wherein

the process is conducted in an alkaline environment.

20. A process for the treatment of a lignocellulosic
material, comprising the method of any one of claims 1 to
19.

21. A process for the production of paper,

comprising the method of any one of claims 1 to 19.

22. A product produced by the method of any one of
claims 1 to 19, or produced by the process of any one of
claims 20 and 21.

23. A bleach additive composition for use in
bleaching lignocellulosic materials, the bleach activator
composition comprising one or more substituted urea-based

additives and an inorganic silicate.

24. The bleach additive composition of claim 23,
further comprising one or more components selected from
the group consisting of stabilisers, activators, chelating

agents, buffers, alkali sources and formulating agents.

25. The bleach activator composition of claim 23 or
claim 24, further comprising an inorganic persulfate or

perphosphate compound.

26. The bleach activator composition of claim 25,
wherein the ratio of substituted urea-based compound to
inorganic persulfate or perphosphate compound is in within
the range of 1:1 to 10:1.

27. Use of a substituted urea-based compound as a
bleaching additive in a peroxide and/or oxygen bleaching
process conducted in the presence of an inorganic

silicate, to improve the bleaching action in the bleaching
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28. Use of a substituted urea-based compound and an
inorganic silicate as bleaching additives in a peroxide
and/or oxygen bleaching process to improve the bleaching

action in the bleaching process.

29. Use of a substituted urea~based compound to
increase the selectivity of a peroxide and/or oxygen
bleaching agent in reaction with the lignin content of the
cellulosic material over the carbohydrate content, in the

presence of amm inorganic silicate.

30. Use of a substituted urea-based compound and an
inorganic silicate as bleaching additives in a total
chlorine free or an elemental chlorine free bleaching

sequence to improve final pulp brightness.

31. Use of a substituted urea-based compound and an
inorganic silicate as bleaching additives to bleach pulp
to at least 90% ISO brightness in a total chlorine free

process.
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