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A process for concentrating a black liquor and an apparatus therefor.

@ A process and an apparatus are disclosed for concentrat-
ing an alkaline waste liquor which is discharged from a step
of alkaline cooking wood fiber in order to recover cooking
chemicals, characterized in that CO, gas and/or gas contain-
ing CO, ges is added to said waste liquor as a viscosity
lowering agent, as a boiling point lowering agent and/or as a
solidification promoter before and/or during said concentra-
tion, :
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A PROCESS FOR CONCENTRATING A BLACK
LIQUOR AND AN APPARATUS THEREFOR

The present invention is directed to an improved
method and apparatus in"the'produétion of wood pulp for
concentrating alkaline waste liquor discharged from cooking 1
process of wood fiber (referred to as black liquor here-
after) from which liquor cooking chemicals are recovered.

In the'production of wood pulp, particularly of
chemical pulp, the Kraft cooking process (hereinafter refer-
red to as the KP) which uses sodium-hydroxide and sodium
sulfide as major cooking chemicals (referred to as the KP
process hereafter) has been the main process for producing
chemical pulp, owing to the high. quality of the pulp
produced, and the advantages of its cooking chemlcals
recovery system, which has been establlshed

In recent years, it has been confirmed that an
alkaline cooking process (hereinafter referred to as an AP
process) substantially using sodium hydroxide as a main
cooking chemical gives almost the same lével of yield and
quality of pulp as are obtainable in the KP process by
additionally using an anthraquinone cooking aid. Moreover,
in this process, no sulfur coﬁpdund iike sodium sulfideris
used as a cookihg chemical, and therefore the process is
seen as a production process of chemical pulps which gener-
ates no sour smell substance from the cooking process which
is in contrast with the KP process.

As the method of recovering chem1cals in the AP
process, it is p0551b1e to employ a direct causticizing
process by ferric oxide wherein the black liquot is blended
with ferric oxide and subjected to combustion to producé
sodium ferrite, which is then hydrolyzed to recover sodium
hydroxide as a cooking chemical. This method is known to be
advantageous in terms ofrenergy'efficiency becauserit re-
guires no caicination by lime kiln and its process is simpl-
ified as compared with a causticizing method usihg'calcium'
hydroxide as is employed in the KP process.
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It is possible to use entirely the same p%gdg&§o%5
apparatus in the AP process as in the conventional KP

process and it also has the aforementioned advantages, so
that it is anticipated to provide an excellent production

process of chemical pulp. However, it has problems in

practical use, one of which is that the viscosity of the AP
black liquor is ten times as high as that of the KP black
liquor} as shown in Fig. 1, even if the concentrations of
the solid contents in the black liquor (hereinafter teferred
to as the black liquor concentration) are at the same level.
The alkaline sulfite process has been noted as a process of
producing chemical pulp inrhigher yields and with higher
brightness than the KP process, when anthraguinone and the
like is added to the cooking additives.

A step of concentrating the black liquor is a very
important step before the recovery boiler which recovers the
chemicals and the heat energy produced by the combustion of
organic materials contained in the black liquor.

The black liquor discharged from the process normally
has a very low concentration of 10 - 20%. It is necessary
to concentrate the black liquor to a concentration of
greaEér than about 50%, normally 60 - 70%, because a high
concentration of the black liquor is effective for the
recovery and re-use of the heat energy produced by the
combustion.

) When a ton of pulp is produced, 1.5 - 2 tons of black
ligquor solids are normally discharged. In order to con-

centrate the black liquor from 15% to 50%, 9 - 12 tons of

water per ton of pulp must be evaporated from the black
liquor. A great deal of evaporation energy is needed in
order to evaporate this water from the black liquor. Thus
the step of concentrating the black liquor involves
multiple-effeCt evaporator wherein steam which has been used
once in the cdncentration,of the black liquor is re-used in
andtherrevaporator. :

- However, it is known that as the concentration of the
black liquor increases, its vapor pressure drops and its
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boiling point sharply increases. It has problems in practi-
cal use, one of which is that the viscosity of the AP black
liquor is ten times as high as that of the KP black liquor,
even if the black liquor concentration are at the same
level. High viscosity of the black liquor indicates that
its fluidity has deteriorated and the concentration effici-
ency of the black liquor in an evaporator is lowered. It
also lowers the efficiency of transporting the black liquor
into a combustion furnace and deteriorates sprayability from
a burner in the furnace, so that the combustlblllty of the
black liquor will be lowered.

Dropping the vapor pressure of the black liquor and
sharply increasing the boiling point'bf the black liguor has
the effect of makingrthe water content in the black liquor
less volatile. The highly concentrated black liquor is
further concentrated”by addingra'large amount of heat energy
thereto, so that the vapor pressure thereof is increased and
the temperature'thereof is risen to its boiling point.

- The key to the present invention is the discovery of
the fact that an addition of coz'gas to the black liquor
reduces its boiling point and viscosity, makes its solidifi-
cation easier, andrimpr0ves'its ability to be concentrated.r

The method of adding CO, gas to KP black liquor
mainly used in chemical process has been utilized in the
prior art only for specific purposes such as the separation
of lignin or silica. 1If CO, gas is added to KP black
liquor, it becomes acidic by absorbing the CO2 gas, and 7
generates toxic hydrogen sulfide which has a bad smell. The
hydrogen sulfide also present corrosion problems for the
apparatus. Thus nd attempt'has been made toward the purpose
of the present invention.

The prior techniques of enhancing the ab111ty of KP
black liquor to be concentrated are as follows:

(a) Increasing the area of the heating surface of the
evaporator; '
(B) Increasing the heat éonductivity of the heating

surface of the evaporator; ,
(C) Increasing the temperature of the black liquor, and
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(D)  Reducing the viscosity of the black liquor.

' If the area of the heating surface is increased, the
amount of evaporated black liquor is also increased. This
means an enlargement of the size of the apparatus for con-
centrating the black liquor. This enlargement has no merit

" as regards energy costs, but leads to an increase in the

cost of the apparatus.

If the heat conductivity of the heating surface of
the evaporator is increased, the heat transfer speed on the
surface is increased, whereby the concentration rate is also
increased. 1In practice, it is necessary to directly contact
the black liquor with metal surfaces on the heating surface,
and prevent the attachment of écale, which reduces the heat
conductivity of the heating surface, to the heating surface.

Specifically, the heat conductivity has been recovered by

removing the silica or alumina which causes scaling from the
black liquor, or by removing such scaling by washing with
dilute black 1iquor,rwarm water, or acidic water. It is
possible as a method of this type to change the shape of the
heating surface so that scale is less likely to deposit on
the surface. The purpose of such a method is to maintain
the initial heat conductivity rather than to positively
enhance the ability of the black liquor to be concentrated.
If the temperature of the black liquor is increased,
its vapor pressure is naturally increased, but a great deal

‘of evaporation energy is needed for increasing this pres-

sure, and this method has no merit as regards energy.

' The improvement in the ability of the black liquor by
reducing'its viscosity is known in the art. See, for in-
stance "Kraft Pulp and Non-wood Fiber Pulp" in the Complete
Technical Book of Production of Pulp and Paper (volume 3,
page 145) edition (1967) by The Japanese Technical Associa-
tion of the Pulp and Paper Industry. The method incorpo-
rated therein by'reference is directed to the use of a low
concentration of black liquor, to increase the temperature
of the black liquor, or add a surface active agent to the
black liquor as a method of reducing the viscosity of the
black liquor.
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A method of adding such a surface active agent to the
black liquor as a viscosity-reducing agent is disclosed in
Japanese Laid-open Patent Publication No. 228094/84.
According to this method} the viscosity is reduced by only
1/2 - 1/3, compared'with,black liquor to which no surface
active agent is added. This method has no advantage con-
cerning the reduction of the b0111ng point and the making of
the SOlldlflCatlon easier.,

US Patent No. 2,997,466 and Tapp1 62 (11), 108,

(1979) refer to the separation of lignin.

The increase in the concentration of the black liquor
is accompanied by a great rise in the boiling point of the
black liquor. As a result, the ability of the black liquor
to be concentrated'becomesrworse, and a large amount of heat
energy is needed to further concentrate the black liquor.
The purpose of the present invention is to solve this
problem.

The present invention provides
(A) a process for concentratlng an alkaline waste liquor
substantially free of a sulfur compound, which is discharged
from a step of alkaline cooking wood fiber and/or the sub-
sequent step of bleaching said fiber, in order to recover
cooking chemicals and/or bleaching chemicals from said waste
liquor, ' , ,
characterlzed in that CO2 gas and/or gas containing
CO2 gas is added to said black liquor as a viscosity lower- :
ing agent, as a boiling point lowering agent and/or as a
solidification promoter before and/or during said concentra-
tion which may consist of one or more stages, and
(B) a process for concentrating an alkaline waste liquor
containing a sulfur compound or sulfur compounds, which is
discharged from a step of alkaline cooking wood fiber in
order to recover cooking chemicals from said waste liquor,

characterized ih that CO2 gas and/orrgas containing
CO2 gas is added to said black liquor as a viscosity lower-
ing agent, as a boiling point lowering agent, as a solidifi-
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cation promoter and/or as a corrosion inhibitor, said addi-
tion being after a step of oxidizing said waste liquor and
before and/or during said concentration.

Furthermore, the present invention provides
(C)  an apparatus for concentrating the black liquor
substantially free of a sulfur compound, comprising vacuum
evaporators and means for absorbing CO2 gas and/or gas
containing CO2 gas into said black liquor, said means being
positioned prior to and/or in said vacuum evaporators, and

(D) an apparatus for concentrating the black liquor

containing a sulfur compound or sulfur compounds, comprising
vacuum evaporators and means for absorbing CO2 gas and/or
gas containing CO2 gas into said black liquor, said absorp-
tion means being positioned prior to and/or in said vacuum
evaporators and subsequent to means for oxidizing said black
liquor. '

Fig. 1 illustrates variations in the viscosity of the
black liquor with the corresponding concentration thereof.

Fig. 2 illustrateé variations in average particle
diameter of the black liquor with the corresponding pH
therecof.

Fig. 3 illustrates variations in the viscosity of the
black liquor with the corresponding pH thereof.

, Fig. 4 illustrates variations in the boiling point of
the black liquor with the corresponding concentration
thereof.

Fig. 5 illustrates variations in the boiling point
with the correspénding concentration of AP cooking liquor.

Fig. 6 illustrates variations in the boiling point
with the corresponding concentration of KP cooking liquor.

Fig. 7 illustrates variations in the concentration
velocity of AP black liquor with the corresponding concen-
tration thereof.

Fig. 8 illustates variations in the concentration
velocity of KP black liquor with the corresponding concen-
tration thereof.

Figs. 9 through 22 illustrate typical embodiments of
CO2 gas absorption means used in the present invention.
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Figs. 23 and 24 are examples of the present inven-
tion. 7

Fig. 25 is a flow sheet of the prior art.

In Figs. 23 through 25, the KP process;needs an
oxidation means but the AP process does not need such means.

This liquor may contain black liqdor discharged from
a step of cooking wood fibers using (1) sodium hydroxide
(soda process), (2) sodium hydroxide and sodium sulfide
(sulfidity of 1 - 100%, particularly 5 - 35% i.e. from low
sulfidity Kraft process to Alkafide process) and/or (3)
sodium sulfite, sodium carbonate and sodium hydroxide
(Alkaline Sulfite process) as the main cooking chemicals,
together with anthraquinone, derivatives thereof, anthracene
derivatives, aliphatic or aromatic amines, or aliphatic
alcohols, either solely or in combination, as a cooking aid.

Addition of CO2 gas to the AP black liquor causes no
problem but if CO2 gas is added'to KP black liquor which as
just been discharged from a wood fiber cooking step, the pH
of this liquor is reduced and hydrogen sulfide is generated
by the reaction of the sulfur cdmpounds therein and the CO2
gas. It is necessary according to the present invention to
oxidize the KP black liquor before the addition of CO2 gas '
to the liquor, so as to prevent the generation of toxic
hydrogen sulfide gases,which create had smells and corrode
the apparatus. Such oxidation of the KP black liqdor has
generally been carried out in the art for the purpose of
preventing bad smells and inc;easing the sulfur recovery
efficiency. o , o -

However, the prior a:t does not provide the improved
method of the present invention for efficiently concentrat-
ing black liquor, which comprises the addition of CO2 gas to
the black liquor as a boiling-point-reducing agent,
viscosity-reducing agent, solidification promoter of the
black liquor and aniti-corrosive agent for appatatus, after
the step of oxidizing the black liquor.

There is a negative method of contacting a coz-
containing gas with KP black liquor in a cascade evaporator,
but this method is not often used currently. This method
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comprises contacting the exhaust gas from the recovery
boiler with the concentrated black liguor which has just
been treated by the concentrating apparatus, to further
concentrate the black liquor, whereby the heat energy con-
tained in the exhaust gas is efficiently utilized. This

 method may negatively imply a partial contact and reaction

between the KP black liquor and the CO, gas contained in the
exhaust gas of the recovery boiler, because the gas inevi-
tably contains CO2 gas generated by the combustion of the
organic materials in the black liquor. However, it is in no
way intended that a positive reaction of the KP black liquor
with the CO2 gas contained in the exhaust gas occurs, but
that such contact is controlled by maintaining the pH at
13.0 - 12.5 so that the generation of hydrogen sulfide by
the reaction with CO2 gas can be avoided.

- The step of adding CO2 gas to the KP black liquor
according to the present invention comes after the black
liquor oxidation step subsequent to the KP-cooking step.
However, even if the addition is carried out simultaneously
with the oxidation, a similar effect can be obtained.
Therefore, the present invention is not limited to the
claimed method. However, in this case it is necessary to
have the black liquor react with oxygen in preference to the
C02 gas. This preferential reaction is put into practice by
making the concentration of O 2 gas in the mixture of 02 and
CO2 gases greater than that of the CO2 gas. However, the
system of addlng CO2 gas to the black liquor after the
oxidation step is recommended from the standpoint of pre-

‘'venting the generation of hydrogen sulfide.

The oxidation degree of the oxidized KP black liquor
according tprthé present invention is preferably 70 - 100%,
more preferably 90 - 100%. A higher oxidation degree is
desirable from the standpoint of preventing the generation
of hydrogen sulfide and improving the ability of the black

‘liquor to be concentrated.

~ An oxidation degree of 70 - 100% is attainable by
using a prior-art oxidation step. Paper mills adopting the
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present invention may need not only the prior-art air oxi
tion step, but also another oxidation processing conducted
by a gas containing a high concentration of O2 such as
adsorption, membrane separation, or low-temperature proces-
sing. Moreover, not only the prior-art oxidation of dilute
black liquor but also the Oz-oxidation of concehtrated black
liquor may be needed. o

According to the present invention, when CO2 gas is
added to the black liquor, an improvement in its ability to
be concentrated is expected within a pH range of 8.5 - 12.5,
preferably 10.0 - 12.0, particularly less than or equal to
9.0 in black liquor obtained from some kinds of tree such as
eucalyptus. '

The pH is Vdetermrined at a concentration of 40% and a
temperature of 80°C; and, unless otherwise specified, the pH
determined hereafter depends on this condition.

When the pH of the black liquor is more than 12.5,
the reduction in its boiling point is not sufficient to
concentrate the liquor. On the other hand, when the pH of
the liquor is less than 8,5, its viscosity is increased, and
this makes its ability to be concentrated worse.

Reducing the pH of the liquor to an excessively low
level means an addition of excess CO2 gas. A long time is
necessary for this addition, and the excess gas is removed
from the liquor by evaporation in the concentration step.

The range of the concentration of the black liquor to
which CO2 gas is added is not specifically limited. At
whatever stage the CO2 gas is added, the ability to be o
concentrated is improved after that addition. However, the
higher concentration of the liquor to which the C02 gas.is
added, the less the amount of liquor to be treated. When
CO2 gas is added to liquor of an excessively high concentra-
tion, its viscosity is increased. Thus the addition of
CO2 gas to the liquor becomes less efficient owing to the
poor capacity of the liquor to absorb CO2 gas. The lower
the concentration of the black liquor to which the CO2 gas
is added, the more the amount of liquor which can be
treated. However, the capacity of the liquor to absorb CO2
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gas is increased by its low viscosity. When CO2 gas is
added to oxidized black liquor, the concentration of the
liquor is normally 20 - 75%, preferably 40 - 65%.

The temperature at which the CO2 gas is added to the

black liquor is not also particularly limited. Normally,

the lower the temperature of the black liquor, the greater
the absorption velocity of the gas by the liquid. However,
the viscosity of the black liquor is higher at low tempera-
tures, and the diffusion velocity of the CO2 gas into the
black liquor is reduced. On the other hand, the higher the
temperature, the lower the absorption velocity. However,
the viscosity of the black liquor is lower at high tempera-
tures and the diffusion velocity of the CO2 gas is
increased. Methods conducted with the temperature of the
black liquor high or low have their merits and demerits.
Selection of one of the two methods is left to the pulp
mills adopting the present invention. The temperature of
the oxidized black liquor to which CO2 gas is added may be
20 - 100° C, preferably 40 - 90 °c.

The use of the present invention is limited to wood
fibers, but is also applicable to non-wood fibers.

According to the present invention, only CO2 gas is
used as a viscosity reducing agent and the like but nitric
acid, oxalic acid and/or material which exhibits acidity
when dissolved in water and the like can be used, bringing
about similar advantages.

As shown in Fig. 1, when CO2 gas is added to AP black
liquor or oxidized KP black liquor, the viscosity thereof is
reduced so that it is less than that of oxidized KP black
liquor or AP black liquor which have not been treated with
CO2 gas in concentrations of greater than about 67%.

Part of the lignin in the black liquor agglomerates
and is dispersed therein by the reduction of the pH of the
black liquor, as finely-divided particles. Thus a high-

‘molecular aqueous solution of the lignin is thought to be

changed to an emulsion thereof. This is why the viscosity
of the black liquor with added Co2 gas is reduced by more
than that of the black liquor to which no co, gas is added.
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Fig. 2 shows variations in theravéiage particle diameter of
the black liquor with added CO2 gas, together with the
corresponding pH thereof. Solid particles of such a
diameter are acted on by the Brownian motion in the liquid
and the efficiéntly'dispersed therein. Accordingly, it is
assumed that, in black liquoriwith added.CO2 gas, the part
of the lignin which has agglomerated is sufficient to form
an emulsion. ' ' ,

As can be seen from Fig.'2, when the pH of the black
liquor is reduced, the average particle diameter of the
agglomerated lignin becomes small. 1In general, the smaller
the diameter of particles in an emulsion, the higher its
viscosity. It can be éasily understood from Fig. 3 that the
viscosity of the black liquor with added Co, gas is
increased at a pH of less than 9.5, because of the viscosity
properties of the emulsion.- '

The boiling point of the black liquor is greatly
reduced by adding CO2 gas to the liquor. As shown in Fig.
4, the boiling point of the black liquor prepared by cooking
Douglas fir is reduced, by 18 - 20°C, from 126°C (the boil-
ing point of untreated black liquor) to 106 - 108°C (the 7
boiling point of black liquor with'CO2 gas added) at atmos-
pheric pressure and a concentration of 80%.

Fig. 6 is a graph of boiling point versus the con-
centration of solid contént,'for (1) an aqueous solution of =
a mixture of sodium hydroxide and sodium sulfide, which is = -
used in KP cooking, (2) an aqueous solution of mixture of
sodium hydroxide and sodium thiosulfate which is obtained by
oxidizihg the mixture'of'(l), and (3) an aqueous solution of"r
a mixture of sodium carbonate and sodium thiosulfate which
is obtained by adding CO2 gas to the mixture of (2). ‘As can
be seen from Fig. 6, the boiling point of mixture (3) is
much lower than those of mixtures (2) and (1). This is the
reason why the boiling point of the black liquor is reduced,;
by the addition of CO, gas. , '

Fig. 5 illustrates the boiling point under atmos-
pheric pressure of sodium hydroxide which is used in the AP
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cooking, and of sodium carbonate prepared by adding CO2 gas
to sodium hydroxide. ,

It is assumed that when the boiling point of the

black liquor is reduced, its vapor pressure is increased

accordingly. o 7

'Fig. 7 shows the concentration velocity of the
oxidized KP black liquor, which is 1.2 - 1.6 times larger
than that of untreated oxidized black liquor. This confirms
that the ability to be concentrated has been improved by the
present invention.

7 Fig. 8 shows that the concentration velocity of the
AP black liquorrto which CO2 gas has been added is 1.4 - 5.5
times larger than that of untreated black liquor.

| The black liquor concentrated by the process of the
present invention is less sticky than the black liquor
concentrated by the prior process. The black liquor which
is completely concentrated by the process of the present
invention is very brittle and easily grindable and its
¢apacity to absorb moisture is greatly reduced. This makes
the preparation of a 100% solidified black liquor easier,
and its combustion energy is effectively usable when it is
burnt by a recovery boiler.

The highly-concentrated KP black liquor according to
the present invention has a very low corrosivity with

respect to the apparatus of the system. The reason therefor

can be easily understood by experiments set forth below,

conducted with respect to KP black liquor from which organic
materials have been removed. When a test peace of stainless

steel (SUS-316) which has a metallic luster surface is
immersed at 120°C for 100 hours in aqueous solution of (1) a

- mixture of sodium hydroxide and sodium sulfide having a

sulfidity of 25%, (2) a mixture of sodium hydroxide and
sodium thiosulfate (i.e. a mixture obtained by oxidizing
mixture (1)), the surface turns from liver brown to brown,
and a dark green precipitate is formed. On the other hand,
the metallic luster surface of the stainless steel was
maintained unchanged when immersed at 120°C for 100 hours in

- an aqueous solution of a mixture of sodium carbonate and
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sodium thiosulfate, obtained by adding CO2 gas to the mix-
ture of (2). - ,

Presumably alkali corrosion occurred on the stainless
steel (SUS-316) immersed in mixtures (1) and (2) because
they are strongly alkaline and have a high boiiing point.
Oon the other hand, such corrosion is less likely to occur on
the stainless steel immersed in the aqueous solution of the
mixture of sodium*darbonaterand sodium thiosulfate produced
in accordance with the present invention, because it is less
strongly alkaline and lowerrtemperature than the above
mixtures. ' 7

The moisture absorption:prope:ties of the black
liquor concentrated by the method of the present invention
is greatly reduced. This is,probably because the mixture of
sodium carbonate and sodium thiosulfate is less likely to
absorb moisture from that air than'mixturer(l) which is
deliquescent. Thus this,method is very effective for keep-
ing such a solidified black 1iquorrin'storage, and prevent-
ing moisture on combustion. 7

The following specific examples taken with reference
to the drawings are further illustrative of the nature of
the present invention; but it is understood that the inven-
tion is not limited thereto. -
X s throu 0, C mparative Examples

throu nd enc xa | u

AP black liquor obtained by AP-cooking of Douglas fir
was concentrated to 40%'and then:CO2 gas was added to the AP
black liquor with heating and stirring at 80°C. The pH,
viscosity (concentration of 80% at 80°C) and boiling point
(under atmospheric pressure) of the black liquor are shown
in Table 1 as Examples 1 through 5. The results obtained
with oxidized KP black liquor of Douglas fir to which CO,
gas was added are shown as Examples 6 through 10. The
comparative examples'l through 3 show similar results with

respect to untreated AP black liquor, a KP black liquor and S

an oxidized KP black liquor. The reference examples 1
through 3 show cases where nitric acid or oxalic acid is
added to an AP black liquor, and where CO2 gas is added to a
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The viscosity of the ligquor
was determined by a flow tester.

nohéoxidizedVKP black liquor.

Table 1
Viscosity b
- oy | ©f black (;g;
Example | Black acidic p liquor
No. liquor |substance go°C (cps) 80%
40%_| 80°C, 80% |1 atm
1 ap  |co, gas |12.5 | 4.0 x 10° |106
2 aP  |co, gas |11.5|5.6 x 10% | 106
3 AP |CO, gas |11.0 | 2.1 x 10* | 106
4 ap  |co, gas 9.5 | 2.5 x 10° | 106
5
Process 5 AP CO2 gas 9.0 ] 8.6 x 10 106
accord- Oxidized 4
tre o 6 co-%%lco, gas |12.5| 3.4 x 10 | 108
this  as
inven- 7 [O¥idlzedico. gas  [11.5 3.2 x 10 | 108
tion —
g |O**C®dico, gas | 11.0| 2.4 x 10 | 108
9 |9*idizedico, gas 9.5| 5.0 x 10% | 108
10 [O¥8izedlco gas 9.0| 8.0 x 10% | 108
Comp. No 6 :
Comp. ap | i | 13-9| 4.0 x 108 | 127
Prior Comp. No 4
art Ex. 2 KP laddition |13-4}%.5x 107126
Comp. Oxidized|No ' 4
Ex. 3 KP addition 13.41 9.5 x 10 121
Ref; Nitric : 4
Ref.. ap |Nitr 11.0( 1.2 x 10% ] 110
Ref. ap |Oxalic 10.8| 2.7 x 10%]| 106
Ex. 2 acid
- |Bet-, KP  |CO, gas | 10.7| 7.1 x 10*| 118
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Table 1
Examole | . , pH | Viscosity of ?38;
P Additive | 80°C | black liquor
No. 40% | (cps)80°c,75% | 390%
. P ! 1 atm
Present 4
invention 11 COZ gas | 950 75.4 x 10 106
Prior | Comp. No , ' ' .6
art Ex. 4. addition 10.4 2-3 x 10 111
Table 1
Viscosity
: ' pPH of black
Example | Black Acidic liquor
No. liquor - vsubstance go°c|20°c| (cps)
-40% |40% | 80°C,85%
Process S . 4
of this | Ex. 12 02-alkali CO2 gas 10.0{10.9/ 5.8 x 10
invention| - : : - i '
Conven—' Comp T Nor 75
! tional Ex. 5 Oz-alkall addition 10.3{11.2]/1.4 x 10
process
_ Table 2
Chemicals ' ss41 | sus31e
(Corresponding to | corrosiveness corrosiveness
black liquor of 65% " (mm/yr) (mm/yr)
Sodium hydorixde : -4 -4
+ 1.7 . x 10 1.5 x 10
Sodium sulfide :
Sodium hydroxide .. -5 : "~ -5
+ 1l.6 x 10 ° 4.8 x 10
- Sodium thiosulfate o
Sodium carbonaté : -6 -6
- + o 4.8 x 10 1.4 x 10
Sodium thiosulfate -
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| Example 11 and Comparative Exampleg 4 and S5

. The results with respect to AP black liquor obtained
from eucalyptus conducted by the same procedures as Examples

1 through 5 and comparative Example 1 are shown in Table 1.
Exa nd Comparative Ex

The results conducted by the same procedures as
Examples 1 through 5 are shown in Table 1 with respect to
02—alkali bleached waste liquor of KP pulp of spruce, which
was concentrated to 40%.

xamples and and Comparative Examples and
CO2 gas was added to the AP black liquors and

- oxidized KP black liquors used in Examples 1 through 10 and

Compatative Examples 1 through 3 and the pH of the black
liquors was thereby adjusted to 11.0 and 10.5, respectively.

The relationship between viscosity and concentration of the

black liqudr at 80°C is shown in Fig. 1 which contains as
controls the results obtained with untreated AP black liquor

‘and oxidized KP black liquor.

Example 15 ,
Fig. 2 illustrates variations in the average diameter

of the agglomerated particles used in Examples 1 through 5

with the corresponding pH thereof. The diameters were

determined by a Coulter counter.

' Fig. 3 illustrates variations in the viscosity of the

‘black liquor used in Examples 1 through 5 (concentration:

80%; temperature: 80°C), to which CO, gas was added, with
the corresponding pH thereof.
xam s and ti xa
and 10 and Reference Examples 4 through 9

'Fig. 4 illustrates the relationship between the
boiling point and the concentration of the black liquors
under atmospheric pressure. The black liquors were prepared
by adding CO2 gas to the AP black liquor and the oxidized KP
black liquor used in Comparative Examples 1 through 3 and
the pH were thereby adjusted to 11.0 and 10.5, respectively.
Fig. 4 shows as controls the boiling points of untreated AP
black liquor and of oxidized KP black liquor with the cor-
responding concentration thereof.
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Fig. 5 illustrates as a reference the relationship
between the boiling point'under atmospheric pressure of
sodium carbonate prepared by adding CO2 gas to sodium
hydroxide used in AP cooking, and the concentration of the
solid content.

The boiling point at atmospheric pressure was deter-
mined for (1) an aqueous solution of a mixture of sodium
hydride and sodium sulfide having a sulfidity of 25%, which
is used in KP cooking, (2) an aqueous solution of a mixture
of sodium hydroxide and sodium thiosulfate, which is
obtained by oxidizing mixture (1), and (3) an aqueous
solution of a mixturé of sodium carbonate and sodium
thiosulfate, which is obtained by adding CO2 gas to mixture
(2). The relationship between such boiling point and the
concentration of solid content is shown in Fig. 6.

X s a Jo!
Examples 11 through 13 |

Fig. 7 illustrates the concentration velocity of the
black liquor prepared by adding CO2 gas to the AP black
liquor used in Examples 1 through 5 until the pH of the AP
black liquor became 11.0. The concentration velocity of
untreated AP black liquor is also shown in Fig. 7 as a
control. ' '

Fig. 8 illustrates the concentration velocity of the
KP black liquor prepared by adding CO2 gas to the oxidized
KP black liquor used in Examples 6 through 10 until the KP
black ligquor was édjusted to have a pH of 10.5. The con-
centration velocity of KP black liquor without added COo, and
oxidized KP black liquor is also shown in Fig. 8. The
concentration was carried out by using a rotary vacuum
evaporator under a pressure of —550mmHg (AP black liguor)
and of -600mmHg (KP black liquor), and at 80°C. The con-
centration velocity was calculated by the reduction of water
of the concentrated black liquor. '

nc X '

The corrosiveness of steel of various kinds was
determined by contacting the steelsifqr 100 hours at 120°C
with (1) an aqueous solution of a mixture of sodium hydride
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and sodium sulfide having a sulfidity of 25%, which is used
in KP cooking, (2) an aqueous solution of a mixture of
sodium hydroxide and sodium thiosulfate, which is obtained
by oxidizing mixture (1), and (3) an agqueous solution of a
mixture of sodium carbonate and sodium thiosulfate, which is
obtained by adding CO, gas to mixture (2) (Table 2).

The foregoing Examples relate to the introduction of

'C02 gas to the black liquor and the contact-reaction there-
between, but the material introduced to the liquor is not

limited to C02 gas. Exhaust gas containing CO2 gas from the
black liquor recovery boiler, or from burnt organic mate-
rials from another system, may be introduced into the black
liquor, effectively causing a contact reaction therebetween.

One of the merits of the present invention is to use
the combustion exhaust gas of a recovery boiler or of
another system which is not otherwise useful. Thus, the
present invention saves money by using such a source.

The C02 in the exhaust gas can also be used after it
is concentrated by an adsorption process or membrane separa-
tion process. 1In this case, the volume of a gas containing
CO2 gas introduced into the black liquor can be reduced, and
the capacity of the black liquor to absorb CO2 gas is
increased.

- The C02 gas-absorbing apparatus according to the
present invention is set forth below in detail.

Vapor-liquid contacting apparatuses or gas-—absorbing
appétatuses of various types can be used in the present
inVention( such as a known wetted-wall column (Fig. 9), a
packed tower (Fig. 10), bubble-cap tower (Fig. 11),
perforated-plate tower (Fig. 12}, spray tower (Fig. 13),
scrubber (Fig. 14), foam-mixing tank, cyclone-spray scrubber
(Fig. 15), floatator used as a de-inking apparatus in the
pulp and paper industries, Swemack cell (Fig. 16), vertical
floatator, or aeration apparatus for air or oxygen used in
the activated sludge process. These apparatuses make it

possible to have the oxidized KP black liquor absorb CO2 gas

by providing it with CO2 gas and/or a gas containing COZ'
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It is also possible to use a premixer (Fig. 17) as a
gas-liquid contact apparatus for the present invention; this
is generally used for chlorinating pulp in a medium con-
centration of chlorine. 1In this case,,black liquor is
introduced thereinto instead of a pulp slurry, and flue gas
is introduced instead of chlorlne and/or chlorine dioxide.

A static mlxer (Fig. 18), injection feeder (Fig. 19),
a steam ejector, or a mechanical stirring aeration apparatus
(Fig. 20) using Cozrgas and/or’COz—containing gas are also
usable as the gas-liquid contact apparatus for the present
invention. | ' ,

The foregbing variousrtypes of'CO2 gas-absorbing
apparatus can be used alone or in combination. An oxidizing
apparatus (Fig. 21(a) or (b)) for black liquor can also be
used as a CO2 gas—absorbing apparatus for dxidized dilute
black liquor, using CO2 gas and/or Coz-contalnlng gas
instead of air or oxygen for the oxldatlon.

It is also desirable to use an apparatus in whxch CO2
gas and/or Coz-contalnlng gas is sucked into a mixing tank
containing the oxidized black liquor, or in which the oxi-
dized black liQuor is sprayed into a tank containing CO2 gas
and/or Coz-containing gas under at least atmospheric
pressure.

When the combustlon exhaust gas of the black 11quor
and the like is used as a gas source, foaming problems can
be eliminated by the use of a wetted-wall tower of a
multiple-tubular construction. It is also possible to
control the gas—absorption pérformance by cooling the tube
from the outside thereof, and such a'CO2 gas—abSOrption
apparatus also has the merit that pressure losses on the gas
side can be maintained at a comparatively low level. A '
packed tower, bubble cap tower, and/or perforated plate
tower can also be used for the practice of the present
invention, and it is desirable to provide a defoaming in-
stallation and a gas temperature-reducing installation which"
washes the exhaust gas with water.

It is further possible to use a Venturi scrubber,
from the viewpoint of gas absorption performance, even
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although the pressure losses on the gas side are great, and
it is difficult to control foaming. When such a CO,~
absorbing operation is conducted, it is sufficient to
circulate the black liguor in the 002 gas-absorption
apparatus with a pump, and draw it out while reducing its pH
to 9.5 - 12.5, preferably 10.0 - 12.0, compared with the pH
12.6 - 13.8 of the black liquor at the inlet.

A packed tower, perforated-plate tower or the like
employing as a gas source the combustion exhaust gas of the
KP black liquor are preferably usable as the CO2 gas-
absorption apparatus for KP black liquor of a relatively
high concentration. In such towers, the gas-liquid contact
is efficiently conducted. It is desirable to wash the
exhaust gas with water beforehand and reduce its temperature
to a lower level in order to avoid any problems that may be
caused by the concentration of the black liquor, which
cdncentration is conducted by adding the exhaust gas to the
black liquor. On the other hand, when a wetted-wall tower
is used for this purpose, its gas-—-absorption performance is
greatly decreased by the increase of the liquuid temper-
ature. It is also preferable to use a Venturi scrubber,

from the viewpoint of promoting the gas-liquid contact. In
‘this case, the pressure losses on the gas side are large,

but few problems are cuased, even if the black liquor is
concentrated by exhaust gas.

Furthermore, it is possible to use a cascade evapo-
rator (Fig. 22(a) ),which is conventionally employed in the art
as a contact-reaction apparatus, in which black liquor of a
medium concentration contacts the exhaust gas from a boiler.
However, the CO2 gas—-absorption performance of this conven-
tional apparatus is not recommended for use, because the
apparatus of this type was designed only for the purpose of
concentrating black liquor, and avoiding the contact-
reactionrof the CO2 gas with the black liquor as much as
possible. Thus, it is necessary to increase the speed of
the drums and the number of the drums in order to bring the
CO, gas-in the exhaust gas into contact with the black

liquor. 3 dlsc evaporator (FIG.22(B)) which is conventionally employed
can also be used.
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It is possible to use an apparatus which contacts a
highly-concentrated black liquor with the exhaust gas of a
boiler, in which the boiler exhaust gas is introduced from
above and/or below the surface of the black liquor, in a
black liquor tank of a disc evaporator conducting concentra-
tion by a rotary disc of an indirectly-heated t&pe. In this
apparatus, the degree of contact of the CO, gas with the
black liquor, as well as the ability of the black liquor to
be concentrated, can be promoted by providing a scraper near
the surface of the rotary disc to scrape off the black
liquor attached to the surface of the disc. It is also
possible to use an apparatus which provides a gas-liquid
contact between black liquor of a medium concentration and
exhaust gas from a'boiler, this apparatus is also applicable
to liquor of a high concentration, or the use an apparatus
having a pressute—resistant-stthcture so that it can provide
a gas—-liquid contact at a high tempetature. These gas-
liquid contact apparatuses can be used alone or in combina-
tion, and may also be used as a black liquor concentration
apparatus. , '

When CO2 gas has been added to the black liquor, its
boiling point is reduced by 1 - 20°C from that of black
liquor which has not been treated with C02. The elevation
of the boiling point of the black liquor can be maintained
to within an extremely small range, so that it is possible
to greatly enlafge the effective available temperature
difference, compared with the total temperature difference
in such a concentration apparatus. This not only realizes
an improvement in the ability of the black liquor to be
concentrated, the miniaturization of'the concentrating
apparatus and a reduction in cost, but it also makes pos-—
sible the concentration of the black liquor to a high level,
and cause an increase in the quantity of heat recovered from
the combustion of the black liquor. o

According to the method of the present 1nventxon,
since the viscosity of the liquor is reduced, its fluidity
is improved, and the motive power of the concentration



10

15

20

-22- ' 0194845
apparatus is reduced. The ability of the liquor to be
concentrated is also further improved.

7 Transport by pipe becomes easier owing to the
improved fluidity, and this is expected to reduce the power
load on the pumps transferring the black liquer through
piping. If such a load is constant, it is assumed to be
possible to transport black liquor of a higher concentra-
tion.

Moreover, owing to the improved fluidity i.e. the
improved ability of the black liquor to be injected into a
combustion furnace, it is expected to be possible to inject
black liquor of a higher concentration. This indicates a
decrease in the water content of the black liquor taken into
the recovery furnace. The amount of water to be evaporated
in the recovery furnace is thus reduced. The latent heat of
evaporation is not totally used, and thus is considered to
be available as effective heat energy. Since the KP black
liquor concentrated by the method of the present invention
is less corrosive with respect to the concentrating appa-
ratus, maintenance thereof becomes easier.
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Claims: ,
1. A process forfconcentrating an alkaline waste liquor
substantially free of a sulfur compound, which is discharged
from a step of alkaline cooking wood fiber and/or the sub-
sequent step of bleaching seia fiber, in order to recover
cooking chemicals and/or bleaching chemicals from said waste
liquor, 7 ,
characterized in that CO2 gas and/or gas containing
CO2 gas is added to said waste liquor as a viscosity lower-
ing agent, as a boiling point lowering agent and/or as a
solidification promoter before and/or during said concentra-
tion. 7 |
2. A processaccordihg,to Claim 1, wherein said step of
alkaline <cooking wood fiber is carried out by soda process.
3. A process according to Claim 1, wherein said sub-
sequent step of bleaching said fiber is carried ouc by
oxygen bleaching, hydrogen peroxide bleaching and/or ozone
bleaching, and/or the subsequent step of alkaline extrac-
tion. 7 ' '
4. A method according to Claim 1, wherein the source of
said Coz—containing gas is selected solely or in combination
from exhaust gases from a recovery boiler burning said
concentrated black liquor, a boiler burning materials con-
taining organic compounds other than said black liquor, a
combustion furnace, an incinerator, and/or a reaction
furnace. | ' ' ,
5. A method according to Claim 1, wherein said CO,-
containing gas is a exhaust gas in which COé gas contained
in said exhaust gas is concentrated.
6. An apparatus for concentrating the waste liquor of
Claim 1, comprising vacuum evaporators and means for absorb-
ing CO2 gas and/or gas contaiuing C02 gas into said waste -
liquor, said means being p031t10ned prlor to and/or in said
vacuum evaporators. ' ' '
7. The apparatus according to Claim 6, wherein said
absorbing means is selected alone or in combination from a
wetted-wall tower, a packed tower, a perforated plate tower,
a bubble cap tower, a Venturi scrubber, a stirring tank,
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and/or a pressurized tank containing CO2 gas or a gas
containing CO2 gas.

8. An apparatus according to Claim 6, wherein said
concentrating apparatus is an indirectly-heated type of disc
evaporator provided with a scraper to scrape off said black
liguor attached to heating surfaces of said apparatus.
9. A process for concentrating an alkaline waste liquor
containing a sulfur compound or sulfur compounds, which is
diScharged from a step of alkaline cooking wood fiber in
order to recover cooking chemicals from said waste liquor,
~characterized in that CO2 gas and/or gas containing
CO2 gas is added to said waste liquor as a viscosity lower-
ing agent, as a boiling point lowering agent, as a solidifi-
cation promoter and/or as a corrosion inhibitor, said addi-
tion being after a step of oxidizing said waste liquor and
before and/or during said concentration.
10. A prOceés according to Claim 9, wherein said step of

- alkaline cookiﬁg wood fiber is carried out by Kraft process

and/or alkaline sulfite process, solely or in combination.
11. " A process according to Claim 9, wherein said sub-
sequent step of bleaching said fiber is carried out by
oxygen bleaching, hydrogen peroxide bleaching and/or ozone
bleaching, and/or the subsequent step of alkaline extrac-

- tion.

12. A process according to Claim 9, wherein the source of
said Coz-containing gas is selected solely or in combination
from exhaust gases from a recovery boiler burning said
concentrated black liquor, a boiler burning materials con-
taining organic compounds other than said black liquor, a

_combustion furnace, an incinerator, and/or a reaction

furnace.

13. A process according to Claim 9, wherein said coz-'

containing gas is a exhaust gas in which CO2 gas contained

in said exhaust gas is concentrated.

14. An apparatus for concentrating the waste liquor of
Claim 9, comprising vacuum evaporators and means for absorb-
ing CO2 gas and/or gas containing CO2 gas into said waste
liquor, said absorption means being positioned prior to



10

gse 0194845

and/or in said vacuumrevaporators and subsequent to means
for oxidizing said black liquor.

15. The apparatus according to Claim 14, wherein said
absorbing means is selected alone or in combination from a
wetted-wall tower, a packed tower, a perforated plate tower,
a bubble cap tower, a Venturi scrubber, a stirring tank,
and/or a preSsurized tank containin.grco2 gas or a gas con-
taining Co, gas. '

16. An apparatus according to Claim 14, wherein said
concentrating apparatus is an indirectly-heated type of disc
evaporator provided with a scraper to scrape off said black
liquor attached to heating surfaces of said apparatus.
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