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(57) Abrege(suite)/Abstract(continued):

hydrophlicization at room temperature, using a dilute caustic soda agueous solution, selectively partially modifying lignin in dilute

nitric acid and digesting the wood chips by means of a dilute caustic soda iIqueous solution under the atmospheric pressure. Lignin
IS agglomerated and sorted out from the isolated black liquor.



10

CA 02681464 2009-09-16

- 22 —

A BSTRACT

A pulp production process can produce pulp at high vield
without using sedium sulfide and high-temperature/high-pressure
conditions 1f compared with the Kraft process and also collect
lignin. Pulp 1s produced by processing wood chips'for
hydrophlicization at room temperature, using a dilute causlic soda
agueous solution, selectively partially modifying lignin indilute
nitric acidanddigesting the wood chips by means of a dilute caustic
soda aqueous solution under the atmospheric pressure. Lignin is

agglomerated and sorted out from the isolated black liguor.
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DESCRIPTION

PULP PRODUCTION PROCESS

Technical Field

The present im}entibn relates Lo a pulp production process
that can production pulp at high yield without usging sodium sulfide
and high-temperature/high-p;:essure conditions if compared with the
Kraft process and also collect lignin.

The present invention is ailmed at utilization of lumber
originating from buildings (wood debris from demolished wooden

buildings, scrap weod from buildings, waste furniture and so on)

as material for producing pulp.

Background Art

As a result of enforcément of Construction Material Recycling
Law (Law Concerning Recycling of Materials from Construction Work
[Law No. 104 of May 31, '2000]), concrete blocks, asphalt concrete
blocks and lumber originating from construction work are required
to be sorted and recycled.

The Kyoto Protocol was voted in 1897 according‘ Lo the United
Nations Framecwork Convention on Climate Change and the target
recduction ratics ¢of the developed countries were determined
relative Lo the reference emission levels of 1990 for carbon dioxide,

methane, nitreogen monoxide, HFCs and sulfur hexafluoride. The

target values are to be achieved by the jointly set time limit.

The Kyoto Protocol was ratified by the Japanese Diet on May 31,
2002 and Japan deposited the instrument of acceptance in the United

Nations on June 4, 2004.
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The determined target reduction ratios from the year of 2008

to the year of 2012 include €% for Japan, 7% for United States ot

America and 8% for the Buropean Union.

The present inventilon 1s intended to respond to the
above-identified demand of the international society.

As for lumber originating from construction work, the target
recycling ratio is set to 95% including reduced (incinerated) wood.
Such wood 1s currently recycled after beiﬁg crushed to wood chips
in order to produce boards for particles, raw materials for paper
producing, compost and 0 on and also for applications including
mulching, thermal recycling (fuel) and chemical recycling,
lHlowever, improper deposits (i1llegal dumping) of wood waste are
frequently observed and [ires have sometimes broken out as a result
of spontanecus ignition of wood waste.

Wood is themost popularmaterial that isbeing used in houses.
However, many wood plates including those used for repairing are
cross~laminated plates prepared by using paint and adhesive and
hence can hardly be recycled to produce materials. In olher words,
most of them are thermally recycled (as fuel).

Lumber originating from construction work amounts to
9,000,000 tons per year only in the Kanto District in Japan. However,
if wood waste is not reduced (incinerated) by thermal recycling
but utilized as raw material for paper producing, a forest area
that is two to three times as large as the forest area that needs
to be destroyed to produce wood can be conserved on this planet

because paper can be recycled two to three times. Then, the cffect

of supplying oxygen and suppressing carbon dioxXide gas can be
doubled or tripled.

While lumber originating from construction work is
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advantages when it is recycled as raw material for paper produclng,
the Kraft process that currently takes about 95% of the overall pulp
production consumes high-quality wood chips as raw material for
paper producling. In other words, lumber originating from
construction work takes only a fraction of the overall pulp
production in the world.

Currently, the Kraft process takes about 95% of the overall
pulp production in the world, using wood chips as principal raw
materlal. With this producing process, water, caustic soda and
sodium sulfide are added to wood chips mainly obtained by crushing
lumber cut out from woods to make them show a certain ratio and the
materials are cooked (boiled) in a vessel at an average temperature
of 160°C under 6 to 7 atm for no less than 3 hours. Then, lignin
that operates to bond the cellulose contained 1in the wood chips 1s
continuously dissolved into the solution to 1isolate cellulose and
hemicellulose from each other and produce pulp as lump of cellulose.
The obtained pulp is generally referred to as fresh pulp. Thils
process 1is the best pulp producing process in terms of cost
performance at present.

Now, the known Kraft process will be summarily described below.

Chips are sorted to make them show a thickness and a length
that are found respectively within certain ranges and the dust 1is

removed from them to that they may be cooked and digested uniformly.

In the Kraft digesting step, water and chemicals (caustic soda
and sodium sulfide) are added to the chips to make them show a
certain ratio and the materials are cooked (boiled) at 160°C under 6
atm for not less than 3 hours to dissolve lignin.

In the subsequent washing step, the solution of the chemicals
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(caustic soda and sodiwn sulfide) containing the lignin dissolved
in it (black liquor) 1s separated from the pulp, which is then washed
with water.
In the delignification step, the lignin remaining in the pulp
S 13 elutcd by means of oxygen and alkali.
In the filtering/refining step, the foreign materials such
as dirt contained in the pulp is iéblated and removed.
In the bleaching step, the pulp is bleached by means of a
chemical gselected from chlorine, chlorine dioxide, oxygen, caustic
10 soda and sodium hypochlorite.
On Che other hand, the black liguor ls concentrated. The
concentrated black liquor used as fuel within the procecss and

collected as sodium carbonate.

some Patent Documents relating to the Kraft process are listed

15 below.
[Patent Document 1] JP 2006-274500-~A

Patent Document 1 describes a process of turning green liquor

caustic.
[Patenl Document 2] JpP 2001-172888-A
20 Patent Document ¢ describes a process of bleaching pulp.
[Fatent Document 3] JP 11-28B68B4-3
Paltent Document 3 describes a PA process (hydrogen peroxide
- alkall process) where hydrogen peroxide, a caustic alkali and
a small amount of digestion promoter are used., It tells that
25  hydrogen peroxide shows a delignification effect.
[Patent Document 4] JP 08-188976-A
Patent Document 4 describes that a surfactant and a chelating
Agent are added when bleaching chemical pulp by ozone.

[Patent Docwnent 5] JP 08-5025%56-n
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Patent Document S describes a process of bleaching pulp
showing a high wvisceosity relative to permanganate numbcer.

While the Kraft process provides the advantage of being able
to produce high~quality paper, it is accompanied by the problems
listed below.

(1) It utilizes wood chips obtained by cutting trees from forests
as natural raw material, Many forests are destructed to meet the
massive demand for wood chips, entailing a serious environmental
problem.

(2) It requires a pressure vessel] that can be used for digesting
at 160°C and under about 6 atm in order to elute lignin from wood.
Then, a large facility has to be installed at high cost for such

an operation. The running cost and the energy consumption rate of

such a large faclility are also high.

(3)  Since lignin is dissolved at high temperature under high
pressure, hemicellulose and cellulose are eluted partly to make
the yield as low as about 50%.

(4) vince the digesting solution contains sodium sulfide,
hydrogen sulfilde, methyl mercaptan, dimethyl sulfide and dimethyl
disullide are produced from the digesting step, requiring
anti-nuisance measurces for the offensive odor they emit.

(3) Since the process consumes a large quantity of high-quality
water, 1T requires an ample source of waler and drainage disposal,
which are costly.

(6) Since the yield of pulp production is about 50%, about 50%
of the supplied wood 1s 1solaled in black ligquor as lignin. Then,
carbon dioxide gas 1s produced at a high rate as a result of

condensation and incineration.

(N. B.) Lignin is a carbohydrate like cellulose and contains
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carbon at a ratio of C (12) / CH, (30) 0.4. Lignin is produced

by 1 ton as a result ¢of producing 1 ton of pulp. Then, 0.4 tons
of carbon turns to carbon dioxide when the lignin is incinerated.

C : COz =12 : 44. Thus, 0.9 x 44 / 12 = 1.47 tons of carbon

(1

dioxide are produced from 1 ton of lignin (0.4 tons of carbon).
(7) As clear fromabove, the process is for producing high~-quality
pulp exclugively from high-quality wood chips and hence ig not

related to producing pulp from lumpber originating from construction

work. Additionally, it produces carbon dioxide gas to a large

10 extent.

Disclosure of the Invention
Problams to be Solved by the Invention
In view of the above-identified problemz, it is therefore
15  the object of the present invention to provide a pulp production
process that can employ lumber originating from construction work
and does not require a pressure vessel to-achieve a high yield
without using peollutants such as sulfides and with a low water

consumption rate nor use lignin as fuel.

<0
Means for Solvaing the Preoblome
In an aspect of the present i1nvention, the above object 1is
achlieved as by providing a novel pulp production process as defined
Lelow. '
25 (1) A pulp production procecss éharacterized by comprising:

3 hydrophilicizing step of hydrophilicizing wood chips by
immersing 1nto a dilule causltic soda agqueous solution;
a first washing step of removing the alkali component from

the hydrophilicized wood chips obtained in the preceding step by
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adding water or warm waler;

an oxidizing step of selectively partially oxidizing Lthe
lignin contained in the wood chips by adding dilute nitric acid
te a first washed wood chips obtained as a result of said first
washing step al room temperature or while heating them;

a gecond washing step of removing the dilute nitric acid £from
the wood chip obtained in said oxidizing step by adding water or
warm water;

a digesting step of digesting the second washed wood chips
obtained as a result of said sccond washing step by adding a dilute
caustic soda aqueous solution and heating them; and

a digested pulp / black liguor separating step of filtering
the product of digestion obtained.as a result of said digesting
step and separating digested pulp and lignin-containing black
liquor from each other.

(2) A pulp production process characterized by comprising:

a hydrophlicizing step of hydreophilicizing 1 welght portion
of wood chips by immersing it in 5 to 20 weight portions of a causgtic
soda aqueous solution with a concentration of 1 to 10 wt®% at 15

to 40¥C for 10 to 60 hours;

a first washing step of removing the alkali c¢component from
he hydrophilicized wood chips obtained in the preceding step by
adding water or warm water;

an oxidizing step of selectively partially oxidizing the

lignin contained in the wood chips at 80 to 98°C for 40 to 120 minutes

by adding 3 to 15 weight portions of a nitric acid aqueous solution
with a concentrationof 1 to 10 wt?® to 1 weight portion of the first

washed wood chips obtained as a result of said first washing step;

a second washing step of removing the nitric acid from the



12

20

CA 02681464 2009-09-16

oxildized wood chip contained in sald oxidizing step by adding water
Oor warm walter:;

a digesting step of digesting 1 weight portion of the second
washed wood chips obtained as a result of said second washing step
by adding o £to 20 welght portions of a caustic soda agqueous solution
with a concentration of 1 to 20 wt% and heating them at 95 to 100°C
under the atmospheric pressure or higher pressure for 30 to 120

minute; and

a digested pulp / black liquor separating step of filtering
the product o©f digestion obtained as a rcsult of said digesting
step and separating digested pulp and lignin-containing black

Ligquor from each other.

~

(3) Prelerably, a pulp production process as defined in (1) or
(<) above 1s characterized in that the hydrophilicizing step, the
oxidizing step and/or the digesting step are conducted under low
pressure (e.g., 1 to 2 atm).

(4) Preferably, a pulp production process as defined in any one
of (1) through (3) above is characterized in that the digesting
step 15 divided in a8 first stage digesting step and a second stage
digesting step and the fist stage digesting step employs an caustic
soda aqueous solution with a caustic soda concentration lower than
the caustic soda agueous solution that the second digesting step
employs.,

(5) Preferably, a pulp production procecss as defined in any one
of (1) through (4) above 1is charactcrized in that hot water is
introduced after the oxidizing step to accelerate the oxicizing
reaction rate of nitric acid so as Lo completely consume the nitric

acld.

(6) Preferably, a pulp production process as defined in any one
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of (1) through (5) above 1s characterized 1in that wood chips are
those of lumber of one or more types 1including lumber obtained by

cutting trees 1in  forests, lumber from thinning and lumber

origilnating from construction work.

(7) Preferably, a pulp production process as defined 1n any one of
(1) through (6) above 1s characterized 1in that 1lignin 1s

agglomerated and sorted out from the lignin-containing black liquor.

Advantages of the Invention

As described above, the present 1invention provides a pulp
production process that may not use lumber originating from
construction work and does not requlre a pressure vessel nor use
pollutants such as sulfides, consuming water only at a small rate

while not using lignin as fuel.

Brief Description of the Drawings

FIG. 1 1s a schematic view of flowchart of the known Kraft

process.

FIG. 2 is a schematic view of flowchart of a process according

to the present invention.

FIG. 3 1s schematic view of another flowchart of a process

according to the present i1nvention.

Best Mode for Carrying Out the Invention

Sodium sulfide 1s added to the digesting step of the Kraft
process by means of a high-concentration caustic soda agqueous
solution and 1lignin 1s processed at high temperature under high
pressure so as to be oligomerized and prevented from being

polymerized back by sodium sulfide. Caustic soda dissolves lignin
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and is conswned to neutralize organic acids and saponify the resin
content,

According to the present invention, lignin 1s selectively
ocligomerized by means of a dilute nitric acid agqueous solution that
operates as strong exidant prior to the digesting step and a dilute
caustic soda agueous seolution is employed for thc digesting step
under mild conditions including the atmospheric pressure and a low
temperature below the boiling point in order to elute lignin, while
preventing the lignin from being further oligomerized, so as to

allow lignin from being condensed and separated from the black

liquor,

Now, the present invention will be described further by
referring to the flowchart of FIG. 2.

Wood chips obtained by crushing lumber produced.by cutting
trees in forests and/or wood chips obtained by crushing lumber
originating from construction work (wood debris of demolished
wooden buildings, building wastes, waste veneer, CCA materials and
S0 ©on) and eliminating impurities (metal articles, nail, cement,
bonded plates and so on).

While the chip size may vary depending on the type thereof,
it is within a range suitable for being processed by chemical
solutions (several millimeters to tens of several millimeters).

In the hydrophilicizing step, wood chips obtained by crushing
lumber is immersed into a dilute caustic soda aqueous solution (with
a concentration preferably of 1 to 10 wt%, more preferably of 1
to 5 wt3) at room temperature under the atmospheric pressure for
Lens of several hours (preferably 10 to 50 hours).

As low concentration caustic gsoda permeates into the fibers

ot the wood chips through internal pores of the fibers, the wood
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fibers is turned hydreophilic under the effect of hydroxy ions.
The concentrationof the dilute caustic soda agueous solution
is preferably 1 to 10 wt%. The desired effect is not achieved when
the concentration is Jless than 1 wt$, whereas the load of the
subsequent washing step is raised when the concentration exceeds
10 wt? Decause dilute nitric acid is employed in the washing step.
The hydorphilicizing operation of the hydorphilicizing step
13 facilitated when the chips are immersed in water prior to
processing them by means of a dilute caustic soda aqueous solution.
In the washing step, the alkali component is preferably

thoroughly removed for the oxidizing operation in the subseqguent

In the oxidizing step, the hydrophilicized chips are immersed
1n a dilute nitric acid agueous solution (with a concentration
preferably of 1 to 10 wt%) to selectively partially oxidize lignin
and encourage oxidation/decomposition and oligomerization
thereol. .

Pilute nitric acid shows a strong oxidizing effect as
indicated by the reaction formula shown below:

ZHNO3 = ZNO + 5[0] + H:0,
where [0O] represents an oxygen radical (active oxygen) that 1s
highly reactive and has a very short life.

Thus, the C-0-C bonds, the C=C bonds and the C=0 bonds found
in lignin are broken to realize oxidation/decomposition and
oligomerization.

when the gbove reaction system of dilute nitric acid is
s'tained, the stainé operate as catalyst Lo accelerate the reaction
by heating. Additionally, since the reaction proceeds very fast

at about 80°C, the oxidizing condition in the oxildizing step can
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Pe maintained 1n a well controlled manner throughout the oxidizing
step when pulp and dilute nitric acid are introduced into the
oXxidizing process at room temperature and subseguently raising the
temperature to about 98°C,

It iz effective to blow steam into Lhe vessel through the
bottom thereof for the purpose of heating and/or agitation,

Tr 18 adequate to continue this trecatment for tens of several
minutes. '

O and NO; are produced by a side reaction of [0O] and gas
containing NO and NO; is collected from the top of the vessel.

It 1s adequate to ¢l lect NO and NO; and reuse them as sourcc
materials of nitric acid because they are nitrogen oxides (NOQy).

The Ostwald process is known as industrial process for
producing nitric acid that proceeds as shown below.

ZNO + Oz — 2ZNO;

3NO; + HzO - 2HNO; + NO (NO is recycled)

The NO and NO; produced by this step can be collected under
the form of nitric acid by employing the Ogtwald process,

As for the oxidizing step, hot water is preferably introduced
at the end of the oxidizing step for the purpose of heating in order
to ¢completely conclude the reaction of decomposing nitric acid.
As a result of this qperatibn, the residual nitric acid, if ény;
13 substantially completely consumed for the reaction and hence
eliminated.

L.ignin 1s scarcely cluted in the oxidizing slep.

The NO and NO; that are produced m this step are collectced

with those of the preceding step.

In the subsequent washing step, chips are separated the eluted

small-amount lignin and drug solution fromeach other, and is washed
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wilh waler.

In thedigesting step, chips and a dilute caustic soda agueous
csolution (preferably with a concentration of 1 to 20 wtd) are hcatcd |
(preferably at 95 to 100°C for 30 to 120 minutés) to dissolve lignin.

The caustic soda aqueous solultlicon dissolves lignin énd also
is consumed to neutrallize organic acids and saponify the resin
contents.

The duration of the digesting step is more preferably 30 to
60 minutes.

All the contained lignin ig substantially dissolved (by not

less than 95%) in this step.

The c¢oncentration of dilute caustic soda agueous solution
is more preferably 1 to 10 wt%. The process of dissclving lignin
practically does not proceed when the conbentration is less than
1 wt%, whereas lignin is dissolved without any problem but caustic
soda is discharged as waste that does not take part in the reaction

and/or the lignin ¢concentration becomes too high in the black liquor

to obstruct the process of agglomerating and sorting out lignin
from the black liquor when the concentration exceeds 10 wt$.

The digested pulp and the black ligquor are separated [rom
each other and the pulp is washed with water in the subsequent
washing step before the lignin is fed to the next step,

While the black liguor contains lignin Lo a concentration
of not more than several %, lignin can be sorted out with ease by
agglomerating because the lignin concentration in the black liquor
is low,

The known process can be applied to Lhe digested pulp.

In the delignification step, the lignin and the oxygen

remaining in the pulp are eluted further by means of alkali.
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Inthe filtering/refining, the foreignmaterials such asdirt
1s isolated and removed.

In the bleaching step, the pulp 138 bleached by means ol a
chemical selected from chlorine, chlorine dioxide, oxygen, caustic
soda and sodium hypochlorite.

According to the present invention, lignin is agglomerated,
sorted out and recycled as resource. An electrolytic treatment
technigue and a water treatment technique can be applied for the
purpose of treating waste water and collecting chemicals. Organic
substances are sorted out and recycled as resource. Water, sodium
and chlorine also can be recycled by applying an clectrolytic

treatment technigquec.

Example

While an cxample 1s described below, the present invention
15 by no means limited by the example.

The process of the example wlll be described below by
referring to the [lowchart of FIG. 3.

Lumber (veneer) was roughly c¢rushed by means of a crushing
machine (not shown) containing rotary claws and further carushed
secondarily. Then,‘wood,chips with 3@ si1ze neot greater than 50 mm
were sorted out from the crushed product. They were repeatedly
subjected to a crushing/sorting operation until the obtained wood
chips showed a size 'of Jteo l5mm. In this way, desired wood chips
were prepared,

In the hydrophiliciz;ng step, the wood chipz were immersed
in a dilute caustic soda aqueous solution with a concentration of
> wt%. The solution temperature was held to the room temperature

and the step was continued for 50 hours.
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While inter-step washing was required for the process that
will be described below, the description thereof is omitlLed [rom
the following description.

The oxidation treatment tank 18 a vessel that can be

5 hermetically sealed. The hydrophilic-Lreated chips were put into
an oxidation treatment tank with a dilute nitric acid agqueous
gsolution showing a concentration of S wt% at room temperature and
steam was blown in from below. The mixture was heated and aqgitated
slowly for an oxidizing process. The internal temperature of the

10 treatment tankgot to 80"C after 40 minutes. Bubbles were generated
fiercely as the internal temperature of the treatment tank rose
and the heating was suspended temporarily when the bubbling was
too fierce. Gas containing NO was collected from an upper part of
the oxidation treatment tank. Although lignin was sgsclectively
1> partially oxidized, the gquantity of eluted lignin was small.
Hot watler was added and the inside of the treatment tank was

heated to continue the oxldizing process. Bubbles started to be
generated when the process temperature got to 38°C and the reaction

came to end.
20 The chips produced afler Lhe oxidizing process was washed
put into a digestive tank with a caustic soda aqueous seolution with
a concentration of 5 wt% and steam was blow into the digestive tank
from below. The mixture was boliled and agitated. The process was
made to continue for an hour after the process temperalture got to
25  98°C,
10 welght portions of a caustic soda agqueous solution, 10
welight portions of a nitric acid agueous solutlion and 10 weight
portions of caustic soda agqueous solution were added to 1 weight

portion of the wood chips being treated in the hydrophylicizing
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step, in the oxidizing step and 1n the digesting step, respectively.

After the treatment process, the digested pulp and the black
liguor were separated from each other. While lignin was
agglomerated and sorted out from the black liquor, the lignin
contained in Lthe chips was eluted by not Jless than 935%.

After washing the digested pulp, the lignin remaining in the
pulp were celutcd further by means of oxygen and alkali and the pulp
was bleached in the bleaching step by means of sodium hypochlorite,
The pulp obtained as a result was equivalent to pulp that can be
obtained by means of the Kraft process. The foreign materials such

as dirt contained in the pulp were separated from the latter in
the riltering/refining step.

Paper was produced by means of the pulp obtained in this
example and subjected toatest. Tables land2summarilyillustrate
the obtained results.

since the paper of this example was light because 1L was
handmade paper. However, the physical properties and the

composition of the paper are equivalent to those of paper produced

from Canadian lumber.
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Table 2

Results ©of the ingredients analysis of thc pulp

Ingredient Dry weight ratio (%)
, - — —- ]

cellulose 95.1

hemicellulose .2

A L o iy i el A O i

lignin + impurities 2.3

resin 0.1
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What is claimed is:

1. A pulp production process, comprising:

a hydrophilicizing step of hydrophilicizing wood chips by immersing the wood
chips into a dilute caustic soda aqueous solution at room temperature in the
range of 15 to 40°C for 10 to 60 hours thereby obtaining hydrophilicized wood

chips;

a first washing step of removing alkali component from the hydrophilicized wooa
chips by adding water or warm water thereby obtaining first washed wood chips;

an oxidizing step of selectively partially oxidizing lignin contained in the first
washed wood chips by adding dilute nitric acid to the first washed wood chips at
room temperature or while heating a mixture of the first washed wood chips and

the dilute nitric acid;

a second washing step of removing nitric acid from the wood chips obtained in
said oxidizing step by adding water or warm water thereby obtaining second

washed wood chips;

a digesting step of digesting the second washed wood chips by adding another
dilute caustic soda aqueous solution and heating a mixture of the second washed

wood chips and the another dilute caustic soda aqueous solution thereby

obtaining digested product; and

a digested pulp/black liquor separating step of filtering the digested product and
separating digested pulp and lignin-containing black liquor from the digested
product thereby producing pulp.

2. The pulp production process of claim 1, wherein:
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the hydrophilicizing step comprises hydrophilicizing 1 weight portion of wood
chips by immersing the wood chips in 5 to 20 weight portions of a caustic soda

aqueous solution with a concentration of 1 to 10 wt %;

the oxidizing step comprises selectively partially oxidizing lignin contained in the
first washed wood chips at 80 to 98°C for 40 to 120 minutes by adding 3 to 15
weight portions of a nitric acid aqueous solution with a concentration of 1 to 10 wt
% to 1 weight portion of the first washed wood chips; and

the digesting step comprises digesting 1 weight portion of the second washed
wood chips by adding 5 to 20 weight portions of another caustic soda aqueous
solution with a concentration of 1 to 20 wt % and heating a mixture of the second
washed wood chips and the another caustic soda aqueous solution at 95 to
100°C under atmospheric pressure or higher pressure for 30 to 120 minutes

thereby obtaining digested product.

3. The pulp production process according to claim 1, wherein one or more of the
hydrophilicizing step, the oxidizing step and the digesting step are conducted

under low pressure in the range of 1 to 2 atm.

4. The pulp production process according to claim 1, wherein the digesting step
IS divided in a first stage digesting step and a second stage digesting step, and
the first stage digesting step employs a caustic soda aqueous solution with a

caustic soda concentration lower than in the caustic soda aqueous solution that

the second digesting step employs.

5. The pulp production process according to claim 1, wherein hot water Is
iIntroduced after the oxidizing step to accelerate an oxidizing reaction rate of nitric

acid so as to completely consume the nitric acid.

6. The pulp production process according to claim 1, wherein the wood chips are
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lumber obtained by cutting trees in forests, lumber from thinning and lumber

originating from construction work.

/. The pulp production process according to claim 1, wherein the lignin is

agglomerated and sorted out from the lignin-containing black liquor.

8. The pulp production process according to claim 1, wherein the hydrophilicizing
step further comprises immersing the wood chips in water prior to the
hydrophilicizing of the wood chips by immersing the wood chips into the dilute

caustic soda aqueous solution.

9. The pulp production process according to claim 1, wherein the dilute nitric acid

IS added at room temperature then increased to 98° C.

10. The pulp production process according to claim 1, wherein the oxidizing step

further includes blowing steam thereto.

11. The pulp production process according to claim 1, wherein the digesting step
IS executed at 95-100° C for 30-120 minutes.

12. The pulp production process according to claim 1, further comprising a
filtering/refining process of removing dirt and foreign materials.

13. The pulp production process according to claim 1, further cdmprising a
bleaching step of bleaching the pulp by a chemical selected from the group
consisting of chlorine, chlorine dioxide, oxygen, caustic soda, and sodium

hypochlorite.
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Flowchart of Kraft process (Prior Art)
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Flowchart of Present Invention
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Another Flowchart of Present Invention
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Another Flowchart of Pregent Invention
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