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Reducing chips to fibres in continuous digesters to facilitate lignin extraction.

67 A conventional continuous digester is mod- CHPSIN

ified to effect alkali extraction of lignin after 54
washing. After washing (17) at the bottom of the CoouNG)
digester (11), the chips are reduced to fibers WASHING
and then subjected to alkali extraction. Reduc- taun

tion of fibers takes place by mechanically acting

on the chips with a rotating element (32, 35),
and/or by causing the chips to mechanically

S2
; FURTHER
TREATMENT -
break up by flowing through a high speed,
turbulent zone (30) for a short period of time.
The extraction zone is provided by an upright T, _‘___171_. LIGNIN
conduit (26) within the digester vessel, concen-
tric with it, and having an open bottom (27)
spaced above the closed bottom (22) of the

digester vessel, and above the rotating element. = — .
The diameter of the lowermost portion of the
upright conduit is significantly less than the & | 26

diameter of the main body of the upright con- ] 4
duit. During alkali extraction (44), the fibers are
maintained under the same pressure as in the — e
digester, at a temperature of greater than about 0 | 40
100°C, and in an alkaline environment (normally 7

just with alkali remaining from digesting). After
alkali extraction the pulp is cooled (with 54) and
then passed through a blow valve (50) adjacent
the top (12) of the digester.
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It has been determined, as disclosed in prior U.S.
Patent No. 4,971,658, that the lignin content of a com-
minuted cellulosic fibrous material suspension, typi-
cally during the manufacture of paper pulp, can be de-
creased by alkali extraction after conventional wash-
ing. Particularly, as disclosed in said U.S. Patent No.
4,971,658 it has been found that pulp at a high con-
sistency range, after washing, can be treated with
aqueous wash liquor in a hot extraction stage so as
to remove the residual lignin. Utilizing some alkali, a
temperature of over 100°C (e.g., about 100-150°C),
and an extraction time of 1-30 minutes allows removal
of lignin in an effective manner if the comminuted cel-
lulosic fibrous material in fiber form rather than chip
form.

According to the present invention, the basic
teachings of U.S. Patent 4,971,658 are applied to a
conventional, continuous digester, in continuous di-
gesting process, so as to allow alkali extraction within
the conventional continuous digester vessel. This is
accomplished, according to the invention, by -- within
the digester vessel itself -- reducing the chips to fib-
ers, so that they may be effectively acted upon by an
aqueous solution containing some alkali, at high tem-
perature, so that any residual lignin can be removed.
The manner in which the chips are reduced to fibers
does not require a pressure reduction, which would
not be practical within the continuous digester vessel
itself. Rather, one or both of two different techniques
may be utilized to reduce the chips to fibers, namely
causing the chips to flow in a high speed, turbulent
manner for a short period of time, and/or mechanically
acting upon the chips after washing thereof has been
completed.

According to one aspect of the present invention,
there is provided apparatus for treating cellulosic
chips in the production of paper pulp. The apparatus
comprises: (a) a generally upright continuous digester
vessel having a chip inlet at the top thereof, a digest-
ing zone, and a washing zone adjacent the bottom
thereof; (b) means for reducing chips within such ves-
sel, in and adjacent the washing zone, into fibers; and
(c) means for further treating the fibers, and then for
withdrawing the fibers from the vessel. Preferably, the
means (¢) comprises means within the vessel for ex-
tracting lignin from the fibers.

The means (c) also preferably comprises a gen-
erally upright conduit substantially concentrically dis-
posed in the vessel and having an open bottom adja-
cent, but vertically above, the vessel bottom, a closed
top, and a withdrawal conduit extending from adjacent
the closed top outside the vessel. The means (b) pre-
ferably comprises means defining a restriction at the
open bottom of the upright conduit for effecting turbu-
lent, high speed, flow of chips into the upright conduit,
the turbulent, high speed flow breaking the chips into
fibers. The means (b) also may comprise a rotating
element disposed below the open bottom of the up-
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right conduit, and rotatable about an axis concentric
with the conduit, for mechanically engaging the chips
to mechanically break them down into fibers. A by-
pass outlet may be disposed in the vessel bottom, and
a bypass valve in the bypass outlet so that when the
bypass valve is opened the chips and/or fibers may
pass out of the vessel through the bypass outlet rather
than through the upright conduit.

According to another aspect of the present inven-
tion, a method of treating cellulosic chips in the pro-
duction of paper pulp, utilizing an upright vessel hav-
ing a digesting zone and a washing zone, is provided.
The method comprises the following steps, practiced
continuously: (a) feeding cellulosic chips into the top
of the vessel, (b) digesting the chips in the digesting
zone with an alkali digesting liquor; (¢) after step (b),
washing the chips in the washing zone with an aqu-
eous wash liquid at a temperature of about 120-
140°C, (d) after step (c), breaking the chips within the
vessel into fibers, and (e) treating the fibers in the ves-
sel with alkali containing liquid, at a temperature of
greater than 100°C, to extract lignin therefrom.

Step (d) is preferably practiced by effecting high
speed, turbulent flow of the chips and/or by mechan-
ically acting upon the chips within the vessel. Step (e)
preferably takes place during up-flow of fibers and lig-
uid, with alkali remaining from step (b), in an upright
conduit concentric with the vessel, and at a tempera-
ture of above 100°C. Step (d) is practiced by providing
a restriction in the open bottom of the upright conduit
to provide a zone of high speed, turbulent flow.

According to still another aspect of the presentin-
vention, a method of treating cellulosic chips in the
production of paper pulp is provided which comprises
the steps of continuously: (a) digesting the chips,
washing the digested chips at a temperature of about
120-140°C, while maintaining the chips at a pressure
substantially greater than one atmosphere; (b) caus-
ing the digested and washed chips to break into fibers,
while maintaining the pressure substantially the same
as in step (a), by causing high speed turbulent, flow
of the chips; and (c) effecting alkali extraction of lignin
from the fibers. According to this method, step (b) is
practiced by causing the chips to flow upwardly into a
restricted opening bottom of an upright conduit, and
step (c) takes place in a portion of the conduit above
its restricted opening bottom, having a much larger di-
ameter than the restricted opening.

According to yet another aspect of the present in-
vention, a continuous digester for producing paper
pulp is provided which comprises a generally upright
conduit, disposed substantially concentrically within
the vessel,and having an open bottom adjacent, but
vertically above, the vessel bottom; the upright con-
duit having a first cross-sectional area portion at the
open bottom thereof, and a second cross-sectional
area portion above the first portion, the second cross-
sectional area being much greater than the first cross-
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sectional area; and a rotating element disposed be-
tween the conduit open bottom and vessel bottom and
rotatable about an axis substantially concentric with
the vessel and conduit.

It is the primary object of the present invention to
provide an effective method and apparatus for reduc-
ing chips to fibers after washing, within a continuous
digester itself, with subsequent alkali extraction to re-
move remaining lignin from the fibers. This and other
objects of the invention will become clear from an in-
spection of the detailed description of the invention
and from the appended claims.

BRIEF DESCRIPTION OF THE DRAWING

FIGURE 1 is a schematic side, cross-sectional
view of an exemplary continuous digester utilizing the
teachings according to the invention, and for practic-
ing a method according to the present invention.

DETAILED DESCRIPTION OF THE DRAWINGS

Exemplary apparatus according to the presentin-
vention is shown generally by reference numeral 10
in Figure 1. The apparatus 10 includes a generally up-
right continuous digester vessel 11, having a conven-
tional chips inlet 12 in the top thereof, with a chip slurry
from a high pressure feeder 13 or the like. The basic
elements of the digester vessel 11 are conventional.
For example, there is an impregnation zone 15, a di-
gesting zone 16, and a washing zone 17. Various ex-
tractions, screens and circulations are provided, for
example, the conventional withdrawal screens 18 and
circulation loop 18’ associated with the digesting zone
16, and wash screens 19 and associated wash loop
20 associated with wash zone 17. The vessel 11 has
a closed bottom 22, although optionally a bypass con-
duit 23, having an associated bypass valve 24, may
be provided in the bottom 22. Within the vessel 11, the
slurry is maintained at a pressure substantially great-
er than one atmosphere.

According to the present invention, a generally
upright conduit 26 is disposed within the vessel 11
preferably concentric with the vessel. The conduit 26
does not have too large cross-sectional area, so that
there can be relatively free flow of the chips column
downwardly within the vessel 11, as is conventional.
The upright conduit 26 is generally concentric with the
vessel 11, and has an open bottom 27, and a top 28.
The open bottom 27 is adjacent, but vertically above
(spaced from) the closed bottom 22 of the vessel 11.

The generally upright conduit 26, adjacent its
open bottom 27 thereof, is configured to provide a
means for reducing chips that have been washed in
the zone 17 to fibers. By providing a high velocity, tur-
bulent flow zone for the chips, the chips will be broken
up into fibers gently without any mechanical device
causing damage to fibers, from which lignin may be

10

15

20

25

30

35

40

45

50

55

removed by alkali extraction. The particular configur-
ation of the bottom of the conduit 26 that accomplish-
es this function is the small cross-sectional area bot-
tom portion 30 thereof. The bottom portion 30 of the
conduit 26 has a first cross-sectional area which is
substantially less than the cross-sectional area of the
main body of the conduit 26. For example, the diam-
eter of the bottom portion 30 may be one-half, or less,
than the diameter of the portion 26. The total length
of the conduit 26 is preferably designed so that there
is a residence time of fibers therein of about 30 min-
utes, so that effective alkali extraction may be per-
formed.

According to the present invention, additional ap-
paratus may also be provided for facilitating breakup
of the chips into fibers at the bottom of the washing
zone 17. For this purpose, a rotating element 32 may
be provided. The element 32 may comprise a conical
hub mounted on a shaft 33 connected to a rotor 34,
and surface manifestations -- such as projections --
35 may be provided on the surface of the conical hub
32 to facilitate de-chipping action. Also, the hub 32 is
mounted so that is forms a narrow annular passage-
way 37 at the open bottom 27 of the conduit bottom
portion 30, which will be the area of highest turbulence
and velocity. The rotating element 32 typically is ro-
tated slowly within the vessel 11, just fast enough so
that it provides mechanical action on the chips which
assist, with the high velocity, turbulent flow in conduit
portion 30, to effect reduction of the chips to fibers.

Also, in order to facilitate uniform feeding of the
chips to the conduit 26, it is desirable to provide a plur-
ality of radially extending arms 38 from the hub 32,
which rotate with the hub 32. The axis of rotation of
the shaft 33 is substantially concentric with the con-
duit 26, and the vessel 11.

The hub 32, and the arms 38, or associated com-
ponents, may be dimensioned and configured to facil-
itate feeding of the slurry into the open bottom 27 of
the conduit 26.

Because the conduit 26 takes up the volume in
the middle of the vessel 11 which is typically taken up
by pipes for reintroducing extraction flows into the
vessel 11, such extraction flow introducing pipes must
be placed elsewhere. Preferably--as indicated by the
wash circulation reintroduction pipes 40, and the di-
gester recirculation introduction pipes 42 in figure 1,
such reintroduction pipes may be mounted on the ex-
terior surface of the upright conduit 26.

The conduit 26 may be supported within the ves-
sel by any mechanism that will provide a minimum of
chip hang-up, while at the same time securely sup-
porting it. for example, various spider mechanisms
may be provided at the top and/or bottom (such spider
mechanism is not shown in the drawing for clarity of
illustration) and connected to the vessel 11 sidewall,
or closed bottom 22.

Within the conduit 26 is an alkali extraction zone.
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By providing a slightly alkali environment and a tem-
perature of greater than 100°C and considering that
the fibers are in fiber form, rather than chip form, in the
time span of about 30 minutes, lignin will be extracted
from the up-flowing fibers in the conduit 26. Normally,
there is sufficient alkali remaining in the slurry from the
digesting zone 16 so that alkali need not be added to
the conduit 26. However, under those circumstances
where additional alkali is necessary to properly effect
extraction, alkali may be added just above the bottom
portion 30 (or even in or at the inlet of the bottom por-
tion 30 so that mixing is quickly effected) from source
44,

As the slurry flows upwardly in the conduit 26, lig-
nin may be removed therefrom, such as by utilizing
withdrawal screen 46 and lignin withdrawal conduit 47
adjacent the top 28 of the conduit 26. Adjacent the top
28 is a slurry withdrawal conduit 49 which extends
from adjacent the top 28 of the conduit 26 outwardly
through the vessel 11 side wall. Preferably a throttling
valve 50 or the like (also known as a "pressure reduc-
tion" or "blow" valve) is provided at that point, and the
pulp, after passing through the conduit 49 and blow
valve 50, goes to subsequent treatment stations 52,
such as further washing, bleaching or the like stations.
Washing or cooling liquor from source 54 can be add-
ed before valve 50 to 49 or 28 to cool down the pulp
before it passes through the pressure reduction valve
50, to reduce damages to fibers.

Throughout treatment with the apparatus 10, as
illustrated in Figure 1, the pressure is maintained sub-
stantially the same. Thus, rather than reducing the
chips to fibers by reducing the pressure, as in said pa-
tent 4,971,658, reduction takes place as a result of in-
tense mechanical action, and/or high velocity, turbu-
lent flow. If it is ever desired to bypass the alkali ex-
traction process in the conduit 26, all that is necessary
is for the bypass valve 24 to be open, in which case
the pulp will flow out bypass outlet 23 from the bottom
22 of the vessel 11.

Utilizing apparatus 10 it is thus possible to prac-
tice a method of treating cellulosic chips in the produc-
tion of paper pulp which minimizes the amount of lig-
nin remaining after acting on the material in a contin-
uous digester. The method comprises the following
steps:

(a) feeding cellulosic chips into the top of the ves-

sel, as is conventional, utilizing a high pressure

feeder 13 and the chips inlet 12;

(b) digesting the chips in the digesting zone 16

with an alkali digesting liquid. The conditions in

the digesting zone 16 are conventional for contin-
uous (e.g., Kamyr) digesters;

(c) after step (b) washing the chips in a washing

zone 17 with aqueous wash liquid, at a tempera-

ture of about 120-140°C;

(d) after step (c), breaking the chips within the

vessel into fibers. This is preferably accomplish-
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ed by effecting high speed turbulent flow of the

chips for a short period of time, through the re-

stricted diameter portion 30 of the conduit 26, and
the annular zone 37 leading into the open bottom

27 of the conduit 26. Also the dechipping action

may be practiced by mechanically acting on the

chips by rotating the conical hub 32, e.g., having
surface manifestations 35 thereon, to engage the
chips;

(e) treating the fibers in the vessel 26 with alkali

containing liquid, at a temperature greater than

100°C to extract lignin therefrom. Preferably the
alkali is merely that remaining from the digesting
zone 16, but where necessary alkali can be add-
ed at44. Lignin may be extracted through conduit

47, or may subsequently be removed after treat-

ment in the vessel 11.

Ultimately, the fiber slurry in conduit 26 passes
out through the conduit 49 and blow valve 50 to further
treatment stations 52. The pulp may be cooled down
before passing through the valve 5§0. The position of
valve 50 at the top of the digester 11 reduces pressure
drop over the valve 50 compared to normal practice
where the valve is at the bottom of the digester 11.

It will thus be seen that according to the present
invention a method and apparatus have been provid-
ed for the effective removal of lignin from chips. While
the invention has been herein shown and described
in what is presently conceived to be the most practical
and preferred embodiment, it will be apparent to those
of ordinary skill in the art that many modifications may
be made thereof within the scope of the invention,
which scope is to be accorded the broadest interpre-
tation of the appended claims so as to encompass all
equivalent structures and procedures.

Claims

1. Apparatus (10) for treating cellulosic chips in the
production of paper pulp, comprising:

(a) a generally upright, continuous digester
vessel (11) having a chips inlet (12) at the top
thereof, a digesting zone (15), and a washing
zone (17) adjacent the bottom (22) thereof;
and characterized by:
(b) means for further treating (44, 46) the fib-
ers, and then for withdrawing (49, 50) the fib-
ers from said vessel; and
(c) means (30, 32, 35) for mechanically reduc-
ing chips within said vessel, in and adjacent
the washing zone, into fibers.

2. Apparatus as recited in claim 1 further character-
ized in that said means (b) comprises means (46,
47) within said vessel for extracting lignin from the
fibers.
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Apparatus as recited in claim 1 or 2 characterized
in that said means (b) comprises a generally up-
right conduit (26) substantially concentrically dis-
posed in said vessel and having an open bottom
(27) adjacent, but spaced from, said vessel bot-
tom, a closed top (28), and a withdrawal conduit
(49) extending from adjacent said closed top out-
side said vessel.

Apparatus as recited in claim 3 further character-
ized In that said means (¢) comprises means de-
fining a restriction (27) at said open bottom of said
upright conduit having a cross-sectional area
much smaller than the cross-section at the top of
said upright conduit for effecting turbulent, high
speed, flow of chips into said upright conduit (26),
said turbulent, high speed flow breaking the chips
into fibers.

Apparatus as recited in any of the claim 1 to 4
characterized in that said means (c) further com-
prises a rotating element (32, 35) for mechanical-
ly engaging the chips to mechanically break them
down into fibers.

Apparatus as recited in claim 5 further character-
ized in that said rotating element (32, 35) is dis-
posed below said open bottom (27) of said upright
conduit (26), rotatable about an axis (33) concen-
tric with said conduit.

Apparatus as recited in any of the claim 1 to 6
characterized in that said means (b) includes a
blow valve (50) located adjacent the top of said di-
gester.

A method of treating cellulosic chips in the pro-
duction of paper pulp, utilizing an upright vessel
(11), having a digesting zone (15) and a washing
zone (17), comprising the steps of continuously:

(a) feeding cellulosic chips into the top (12)
of the vessel; (b) digesting the chips in the digest-
ing zone with an alkali digesting liquor; and (c) af-
ter step (b), washing the chips in the washing
zone with an aqueous wash liquid, at a tempera-
ture of about 120-140°C; characterized by:

(d) after step (c), mechanically breaking
the chips within the vessel into fibers; and

(e) treating the fibers in the vessel with al-
kali containing liquid, at a temperature of greater
than 100°C, to extract lignin therefrom.

A method as recited in claim 8 characterized by
the further steps, after step (e), of: (f) passing the
treated paper pulp through a blow valve (50), and
(g) cooling the pulp (via 54) prior to passing it
through the blow valve.
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10. A method as recited in claim 8 or 9 characterized

in that step (d) is practiced by effecting high
speed, turbulent, flow of the chips for a short per-
iod of time, and by engaging the chips with a slow-
ly rotating element.
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