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OXYGEN DELIGNIFICATION OF PULP IN TWO 
STAGES 

CROSS REFERENCE TO RELATED 
APPLICATION: 

0001. The present application is a continuation of U.S. 
patent application Ser. No. 09/155,119, filed Sep. 22, 1998. 

FIELD OF THE INVENTION 

0002 The present invention relates to oxygen delignifi 
cation of chemical pulp and, more precisely, to Such oxygen 
delignification in two stages. 

BACKGROUND OF THE INVENTION 

0.003 Swedish developments in the bleaching of chemi 
cal pulp have increased the interest in extending delignifi 
cation with oxygen prior to final bleaching, in order to 
improve the pulp quality of totally chemical free bleached 
pulp, i.e., TCF-pulp (Totally Chlorine Free), and in order to 
facilitate the closing of both TCF-systems and ECF-systems 
(Elementary Chlorine Free). 
0004 Several variations of two-stage systems for oxygen 
delignification are currently in operation. These Systems use, 
for example, extended retention time, re-mixing, and inter 
mediate treatment for chemical distribution, all of which 
have become possible by use of a two-stage System. Both of 
these Stages are thus carried out in upstream Systems, and are 
preSSurized to various degrees. 
0005. The following conditions have been found to be 
particularly advantageous for Such delignification processes: 

0006 in the first stage the chemical concentration 
(oxygen and liquor) should be high, i.e., it has been 
found to be advantageous to charge all of the chemi 
cals to the first Stage. In other words, it is important 
to maintain an initially high pressure in order to 
Support the oxygen reactions. 

0007 For extended delignification in the first phase 
of the oxygen System it is extremely important to 
maintain a high temperature. If the alkalinity is 
Sufficiently high for a good reaction to take place, no 
additional chemicals need to be charged to the Sec 
ond stage (the final phase). 

0008. These two-stage systems have the most significant 
disadvantage of requiring much too high investment costs, 
but also that only high-quality intermediate pressure Steam 
can be used for heating the pulp between the two stages. 

SUMMARY OF THE INVENTION 

0009. In accordance with the present invention, these and 
other disadvantages have been overcome by the discovery of 
a method for the oxygen delignification of a chemical pulp 
which comprises contacting the chemical pulp with oxygen 
in an upstream reactor vessel having a top and a bottom by 
Supplying the chemical pulp to the bottom of the upstream 
vessel and withdrawing a partially oxygen delignified 
chemical pulp from the top of the upstream vessel, main 
taining a pressure of greater than about 3 bar in the upstream 
reactor vessel, contacting the partially oxygen delignified 
chemical pulp with oxygen in the downstream reactor hav 
ing a top and a bottom by Supplying the partially oxygen 
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delignified chemical pulp to the top of the downstream 
reactor vessel and withdrawing oxygen delignified chemical 
pulp from the bottom of the downstream reactor vessel, 
maintaining the downstream reactor vessel at a temperature 
between about 90 and 120° C. and a corresponding prede 
termined pressure, and heating the partially delignified 
chemical pulp between the upstream and the downstream 
reactor vessels by contacting the partially delignified chemi 
cal pulp with low pressure Steam. A preferred embodiment 
of the method of the present invention includes adding 
delignification chemicals to the chemical pulp prior to the 
upstream reactor vessel. 
0010. In accordance with one embodiment of the method 
of the present invention, the method includes maintaining a 
gas Space at the top of the downstream reactor vessel and the 
method includes degassing the downstream reactor vessel 
from the top of the downstream reactor vessel. 
0011. In accordance with another embodiment of the 
method of the present invention, the method includes recov 
ering the heat content from the oxygen delignified pulp. 
Preferably, Such recovery comprises flashing or heating 
dilution liquid therewith. 
0012. In accordance with another embodiment of the 
method of the present invention, the method includes adding 
hydrogen peroxide to the partially oxygen delignified chemi 
cal pulp prior to the downstream reactor vessel. In a pre 
ferred embodiment, the hydrogen peroxide is added in an 
amount of up to about 5 kg/ton of pulp. Most preferably, the 
hydrogen peroxide is added by means of a mixer. 
0013 A primary object of the present invention is to 
Solve the aforesaid problems by carrying out the two oxygen 
delignification Stages under preSSure, in that the first Stage is 
carried out in an upstream reactor vessel and the Second 
Stage in a downstream reactor vessel. Further extended 
delignification, as well as an increase in pulp brightness, are 
obtained by Supplying hydrogen peroxide in amounts of up 
to 5 kg per ton of pulp, to a mixer located prior to the 
downstream reactor. A minor adjustment for the increased 
alkali demand of the peroxide reactions can thus be made in 
this mixer. By means of this peroxide Supply to the down 
Stream reactor the pulp can be delignified to a greater extent 
and the brightness of the pulp can be increased prior to the 
final bleaching Step. In this manner, closing of the bleaching 
plane is further facilitated. 
0014. The method according to the present invention 
additionally offerS Several other advantages, as follows: 

0015 no separate pump is required between the 
reactorS, 

0016 the pulp is heated at the lowest pressure level 
in the System, So that low pressure Steam can now be 
used for heating the pulp; 

0017 possible admixture of additional chemicals, 
Such as hydrogen peroxide, and adjustment of the 
alkali level, can take place before the Second Stage in 
a mixer located at the top of the Second reactor 
vessel; 

0018 due to the fact that the downstream reactor is 
not filled with pulp, the System can easily be de-aired 
(degassed) from the top of the downstream reactor 
vessel; 



US 2001/005O152 A1 

0019 the steam recovered by flashing the pulp 
downstream of the Second Stage can be used for 
heating purposes, Such as the heating of water; 

0020 the temperature of the pulp at the bottom of 
the downstream reactor can also be lowered by 
dilution with colder liquid, thereby making it pos 
sible to recover the heat which is not flashed off; and 

0021 the downstream reactor constitutes a buffer by 
acting both as a reactor and as a storage tower. 

BRIEF DESCRIPTION OF THE DRAWING 

0022. The present invention may be more fully appreci 
ated with reference to the following detailed description, 
which, in turn, refers to the drawing which is a Schematic 
representation of a plant for carrying out the method accord 
ing to the present invention. 

DETAILED DESCRIPTION 

0023. In the plant shown in the drawing unbleached pulp 
of medium concentration (8-20%) is pumped by a pump 1 to 
a mixer 2 for the admixture of oxygen and alkali to the pulp. 
The pulp is then directed to a first oxygen delignification 
Stage consisting of an upstream preSSurized reactor vessel 3. 
0024. The pulp is charged at the bottom of the reactor and 
removed at the top. The pulp is then fed to a Second oxygen 
delignification Stage consisting of a downstream pressurized 
reactor vessel 4 in which the pulp is Supplied at the top and 
removed at the bottom of the vessel. Additional chemicals 
can optimally be admixed between the Stages by means of a 
mixer 9. For example, hydrogen peroxide, in an amount of 
up to 5 kg per ton of pulp, and a Small amount of alkali for 
adjustment of the alkali level, can be So added. After the 
Second Stage the oxygen delignified pulp is directed to 
Subsequent processing Stages 5, which can consist of a blow 
tank where the pulp is flashed, and where recovered Steam 
can be utilized for heating the process water. Stage 5 may 
also be a washing Stage. For cooling the pulp, it is diluted at 
the bottom of the second reactor by washing filtrate cooled 
in a heat eXchanger 7. Warm water is simultaneously heated 
in this heat eXchanger, and the resulting hot water is used as 
Washing liquid in the process. A container 6 is provided for 
de-airing the pulp in the vessel 4. 
0025 The chemicals (oxygen and alkali) added in the 
mixer 2 should be Sufficient to constitute the principal 
portion of the total amount required. Preferably, the entire 
amount of chemicals has already been charged in the first 
Stage. Possible additional chemical charges can be made 
between the Stages. 
0026. In the first stage a pressure above 3 bar, preferably 
from about 3 to 10 bar, is maintained. The temperature 
should be between about 75 and 100° C. 

0027. Because of the fact that the pulp is pumped upward 
through the first reactor vessel 3, and is thereafter transferred 
to a downstream reactor vessel 4, no additional pump is 
required between the reactor vessels. 
0028. In the second stage a temperature of between about 
90 and 120° C. is maintained, as well as a pressure which is 
adapted to the temperature, which is Sufficiently low to 
render it possible to use low preSSure Steam 8 for heating the 
pulp, preferably at a maximum preSSure of about 2 bar. The 
pulp is preferably heated with low preSSure Steam between 
the Stages at the lowest pressure level of the System. 
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0029. In the reactor vessel 4 of the second stage a gas 
Space is maintained at the upper part of the vessel. Degas 
sing of the System can thus be carried out at the top of the 
vessel. The reactions taking place with oxygen in the Second 
Stage take place only with oxygen which is dissolved in the 
pulp, and with the oxygen remaining after degassing. The 
pulp leaving the Second Stage will thereby contain a Smaller 
amount of gas than would otherwise be the case and, 
therefore, Subsequent washing Stages can operate more 
efficiently. 
0030 The temperature of the pulp at the bottom of the 
reactor vessel 4 of the Second Stage can be lowered by using 
a colder liquid for dilution. In this manner, the heat which is 
flashed off can be recovered. 

0031. The method of the present invention also renders it 
possible for the Second vessel 4, besides having a function 
as a reactor for Oxygen delignification, to also act as a 
Storage tower for the pulp, thereby Serving as a buffer in the 
System. 

0032. The two-stage system for oxygen delignification 
described above is a much simpler and cheaper method of 
delignification. Most particularly, the economy of the opera 
tion can be improved by heating the pulp between the Stages 
with low pressure Steam, instead of the medium preSSure 
Steam required in previous Systems. 
0033. The method according to the present invention thus 
makes it possible to Substantially reduce both investment 
and operating costs. It is above all now possible to Save 
considerable energy in relation to conventional System for 
oxygen delignification in two stages. 

0034. Although the invention herein has been described 
with reference to particular embodiments, it is to be under 
stood that these embodiments are merely illustrative of the 
principles and applications of the present invention. It is 
therefore to be understood that numerous modifications may 
be made to the illustrative embodiments and that other 
arrangements may be devised without departing from the 
Spirit and Scope of the present invention as defined by the 
appended claims. 

1. A method for the oxygen delignification of a chemical 
pulp which comprises contacting Said chemical pulp with 
oxygen in an upstream reactor vessel having a top and a 
bottom by Supplying Said chemical pulp to Said bottom of 
Said upstream reactor vessel and withdrawing a partially 
oxygen delignified chemical pulp from Said top of Said 
upstream reactor vessel, maintaining a pressure of greater 
than about 3 bar in Said upstream reactor vessel, contacting 
Said partially oxygen delignified chemical pulp with oxygen 
in a downstream reactor vessel having a top and a bottom by 
Supplying Said partially oxygen delignified chemical pulp to 
Said top of Said downstream reactor vessel and withdrawing 
oxygen delignified chemical pulp from Said bottom of Said 
downstream reactor vessel, maintaining Said downstream 
reactor vessel at a temperature of between about 90° C. and 
120° C. and a corresponding predetermined pressure, and 
heating Said partially delignified chemical pulp between Said 
upstream and downstream reactor vessels by contacting Said 
partially delignified chemical pulp with low pressure Steam. 

2. The method of claim 1 including adding delignification 
chemicals to Said chemical pulp prior to Said upstream 
reactor vessel. 
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3. The method of claim 1 including maintaining a gas 
Space at Said top of Said downstream reactor vessel, and 
including degassing Said downstream reactor vessel from 
Said top of Said downstream reactor vessel. 

4. The method of claim 1 including recovering the heat 
content from Said oxygen delignified pulp. 

5. The method of claim 4 wherein said recovering of said 
heat content comprises flashing or heating dilution liquid 
therewith. 
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6. The method of claim 1 including adding hydrogen 
peroxide to Said partially oxygen delignified chemical pulp 
prior to Said downstream reactor vessel. 

7. The method of claim 6 wherein said hydrogen peroxide 
is added in an amount of up to about 5 kg/ton of pulp. 

8. The method of claim 7 wherein said hydrogen peroxide 
is added by means of a mixer. 
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