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1. A method for czone bleaching of high consistency
pulp particles to raise the pulp brightness from a first
GE brightness to a second, higher GE brightness,
comprising:

providing acidified pulp particles having a high
consistency greater than 20%;

introducing the high consistency pulp particles
and a gaseous bleaching mixture containing ozone into a ‘
first stage;

mixing the pulp particles and gaseous bleaching
mixture in the first stage with high shearing action to
completely and uniformly mix and contact the pulp

P

particles with the gaseous bleaching mixture by
turbulently turning over the pulp particles as said ),
particles are moved through substantially all of the
first stage so that substantially all of the pulp
particles are lifted, tossed or otherwise agitated in
the presence of the gaseous bleaching agent to react at
least a portion ¢f said pulp particles with the ozone in
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the first stage for at least about 40 seconds to obtain
an initial reaction between the ozone and the pulp
particles;

directing the pulp particles and gaseous bleaching
mixture with unreacted ozone from the first stage
directly into a second retention stage and forming a bed
of pulp particles therein;

reacting the pulp particles with the unreacted

ozorie in the second retention stage by drawing the
bleaching mixture through the bed to further consume
ozone, thereby obtaining a bleached pulp having the
second GE brightness while stripping essentially all
availal le ozone from the bleaching mixture; and

removing the ozone stripped gaseous bleaching
mixture from the second stage.
16. An ozone pulp bleaching apparatus for reacting
high consistency pulp with & gaseous bleaching mixture
containing ozone to bleach said pulp from a first GE
brightness to a second, higher GE brightness, said
apparatus comprising:

first reactor means including means for high

shear mixing and contacting of high consistency pulp
j particles having said first GE brightness with a gaseous

bleaching mixture containing ozone to mix and contact
substantially all of said pulp particles with the
gaseous bledching mixture by turbulently turning over
the pulp particles as said particles are moved through
substantially all of the first reactor means so that
substantially all of the pulp particles are lifted,

tossed or otherwise agitated in the presence of the
gaseous bleaching agent for reacting at least a portion
of the pulp particles with said ozone, wherein said
first reactor means is any one of a steam mixer, an
extruder, a screw defibrator or a cut-and-folded screw
£light conveyor;

/3




(11) AU-B-17000/92 -3~
(10) 654854

! second reactor means for receiving said mixed
pulp particles and gaseous bleaching mixture from said
first reactor means and for retaining said particles in
a pulp bed wherein pulp particles can further react with
unreacted ozone received from said first reactor means,
said second reactor means including means for drawing
said gaseous bleaching mixture through the pulp bed to
strip substantially all of the ozone from the gaseous
bleaching mixture by reaction with the pulp, and means
for separating entrained pulp particles from the
stripped gaseous bleaching mixture; and

means connecting the first and second reactor
means for directly passing the pulp particles and
gaseous bleaching mixture with unreacted ozone from the

first reactor means into the second reactor means.
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TWO STAGE PULP BLEACHING REACTOR

Background of the Invention

The present invention relates to a novel
apparatus and method for delignifying and bleaching
lignocellulosic pulp with a gaseous bleaching agent such
as ozone. More particularly, the present invention
includes a first stage where pulp and ozone are subjected
to high shear mixing and a bleaching reaction occurs, and
a second stage where the mixed pulp is held in a
retention bed for further reaction and stripping of the
ozone from the carrier gas.

To avoid the use of chlorine as a bleaching
agent for pulp or other lignocellulosic materials, the
use of ozone in the bleaching of chemical pulp has
previously been attempted. Although ozone may initially
appear to be an ideal material for bleaching
lignocellulosic materials, the exceptional oxidative
properties of ozone and its relatively high cost have
previously limited the development of satisfactory ozone
bleaching processes for lignocellulosic materials in
general and especially for southern softwoods.

Ozone will readily react with lignin to
effectively reduce the amount of lignin in the pulp, but
it will also, under many conditions, aggressively attack
the carbohydrate which comprises the cellulosic fibers of
the wood to substantially reduce the strength of the
resultant pulp. Ozone, likewise, is extremely sensitive
to process conditions such as pH with respect to its
oxidative and chemical stability. Changes in these
process conditions can significantly alter the reactivity
of ozone with respect to the lignocellulosic materials.

Since the delignifying capabilities of ozone
were first recognized around the turn of the century,
there has been substantial and continuous work by
numerous persons in the field to develop a commercially
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suitable method using ozone in the bleaching of
lignocellulosic materials. Furthermore, numerous
articles and patents have been published in this area and
there have been reports of attempts at conducting ozone
bleaching on a non-commercial pilot scale basis. For ex-
ample, U.S. Patent 2,466,633 to Brabender et al., de-
scribes a bleaching process wherein ozone is passed
through a pulp having a moisture content (adjusted to an
oven dry consistency) of between 25 and 55 per cent and a
pH adjusted to the range of 4 to 7.

U.S. Patent No. 3,814,664 to Carlsmith dis-
closes a gaseous reaction apparatus including a peripher-
al gas receiving chamber which is said to be useful for
ozone ..leaching of pulp. Pulp to be bleached is fed
through a tapered, compacting plug conveyor to create a
gas seal. The plug is then broken up by a screw disin-
tegrator at which point ozone from a gas tight vessel is
mixed with the pulp. The pulp is fluffed and fibers are
entrained in the gas which is then directed into a pulp
bed in the gas tight vessel for reaction of the pulp and
ozone. The carrier gas is removed through an annular
discharge chamber and the pulp is retained for at least .
twenty minutes to allow completion of the bleaching
reaction. Dilution liquid is supplied into the bottom of
the tank with the pulp and the pulp is discharged from
the tank when the reaction is complete.

Two other patents to Carlsmith disclose vessels
for containing gaseous reaction beds. In U.S. patent No.
3,785,577, pulp is supplied to the vessel first through a
compacting screw and then a feed screw, into a mechanism
for breaking up the compacted pulp and spreading it
across the cross-section of the vessel. The reaction gas
is supplied by separate conduit into the vessel. The
reacted pulp is removed from the bottom of the vessel by
a screw mechanism which forces the pulp through a flap

11384.1
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means to recompact the reacted pulp. U.S. patent No.
3,964,962 discloses a modification to the '664 and '557
patents discussed above. A gas release zone is provided
on the vessel for receiving discharged gas. A system is
then provided to direct at least a portion of the
dischu. jed gas back into the top of the vessel to
supplement the new reaction gas supplied.

Other ozone bleach sequences are described by
S. Rothenberg, D. Repinson & D. Johnsonbaugh, "Bleaching

‘of Oxygen Pulps with Ozone", Tappi, 182-185 (1975) - Z,

ZEZ, ZP and 2P, (P,~peroxyacetic acid); and N. Soteland,
"Bleaching of Chemical Pulps with Oxygen and Ozone", Pulp
and Paper Magazine of Canada, T153-58 (1974) - OZEP, OP
and ZP. Further, U.S. Patent 4,196,043 to Singh disclos-
es a multi-stage bleaching process utilizing ozone and
peroxide which also attempts to eliminate the use of
chlorine compounds, and includes recycling of effluents.
Various bleaching apparatus utilizing a central
shaft with arm members attached thereto are generally
known (see, e.g., U.S. Patents 1,591,070 to Wolf,
1,642,978 and 1,643,566, each to Thorne, 2,431,478 to
Hill, and 4,298,426 to Torregrossa et al.). Also, U.S.
Patents 3,630,828 to Liebergott et al. and 3,725,193 to
de Montigny et al. each disclose a bleaching apparatus
for use with pulp having a consistency of above
15 percent, which apparatus includes a rotating shaft
having radially spaced breaker arms for comminuting the
pulp. Richter U.S. Patent 4,093,506 discloses a method
and apparatus for the continuous distribution and mixing
of high consistency pulp with a treatment fluid such as
chlorine or chlorine dioxide. The apparatus consists of
a concentric housing having a cylindrical portion, a
generally converging open conical portion extending
outwardly from one end of the cylindrical portion, and a
closed wall extending inwardly from the other end of the
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cylindrical portion. A rotor shaft mounted within the
housing includes a hub to which a plurality of arms are
attached. These arms are each connected to a transport
blade or wing. Rotation of the shaft allows the '
treatment fluid to be distributed in and mixed with the
pulp "as evenly as possible."

Fritzvold U.S. Patent 4,278,496 discloses a
vertical ozonizer for treating high consistency (i.e.,
35-50%) pulp. Both oxygen/ozone gas and the pulp (at a
bﬂ of about 5) are conveyed into the top of the reactor
to be distributed across the entire cross-section, such
that the gas comes in intimate contact with the pulp
particles. The pulp and gas mixture is distributed in
layers on supporting means in a series of subjacent
chambers. The supporting means includes apertures or
slits having a shape such that the pulp forms mass
bridges thereacross, while the gas passes throughout the
entire reactor in contact with the pulp.

Displacement of pulp through the reactor takes
place by the repeated but controlled breaking of the
supporting means by the rotation of the breaking means
which are attached to and rotated by a central shaft.
This allows the pulp to pass through the apertures and
into the subjacent chambers. Fritzvold et al. U.S.
Patent 4,123,317 more specifically discloses the reactor
described in the aforementioned Fritzvold '496 patent.
This reactor also is used for treating pulp with an
oxygen/ozone gas mixture.

U.S. Patents 4,468,286 and 4,426,256 each to
Johnson disclose a method and apparatus for continuous
treatment of paper pulp with ozone. The pulp and ozone
are passed along different paths either together or
separately.

U.S. Patent 4,363,697 illustrates certain screw !
flight conveyors which are modified by inc¢luding paddles,
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cut and folded screw flights or combinations thereof for

use in the bleaching of low consistency pulp with oxygen
French Patent 1,441,787 and Eurdpean patent

Application 276,608 each disclose methods for bleaching

.

pulp with ozone. European Patent Application No. 308,314

discloses a reactor for bleaching pulp with ozone
utilizing a closed flight screw conveyor, wherein the
ozone gas 1is pumpe ° through a central shaft for
distribution throughout the reactor. The pulp has a
consistency of 20-50% and the ozone concentration of the
treating gas is between 4 and 10% so that 2 to 8%
application of ozone on 0.D. fiber is achieved.

In general, the prior art has not achieved a
successful reactor or method for ozone bleaching of pulp
which provides a substantially uniformly bleached pulp.
In slowly moving retention-type beds, such as in the
Carlsmith devices discussed above, some of the pulp is
isolated from the gaseous bleaching mixture relative to
other pulp due to differences in bed height and bulk

density at various positions within the bed. This causes

non-uniform passage of the bleaching mixture gas through
the fiber bed, which in turn results in non-uniform
ozone-pulp contact and non-uniform bleaching. Also,

. mixing at low to medium pulp consistencies is undesirable

25

30

35

because of the substantially greater amounts of ozone
required to achieve the same level of bleaching due to
the ozone being diffused through water.

Summary of the Invention
The present invention provides a novel

apparatus and gaseous bleaching process which overcomes
the problems encountered in the prior art as discussed
herein to produce a high grade, uniformly bleached pulp.

An objective of the invention is that the pulp
be bleached uniformly. A feature of the invention in
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this regard is high shear mixing of the pulp in the
presence of a gaseous bleaching mixture containing ozone
to ensure approximately equal and uniform access of the
ozone to all pulp particles.

According to a first aspect, the present
invention consists in a method for ozone bleaching of
high consistency pulp particles to raise the pulp
brightness from a first GE brightness to a second,
higher GE brightness, comprising:

providing acidified pulp particles having a high
consistency greater than 20%;

introducing the high consistency pulp particles
and a gaseous bleaching mixture containing ozone into a
first stage;

mixing the pulp particles and gaseous bleaching
mixture in the first stage with high shearing action to
completely and uniformly mix and contact the pulp
particles with the gaseous bleaching mixture by
turbulently turning over the pulp particles as said
particles are moved through substantially all of the
first stage so that substantially all of the pulp
particles are lifted, tossed or otherwise agitated in
the presence of the gaseous bleaching agent to react at
least a portion of said pulp particles with the ozone in
the first stage for at least about 40 seconds to obtain
an initial reaction between the ozone and the pulp
particles;

directing the pulp particles and gaseous
bleaching mixture with unreacted ozone from the first
stage directly into a second retention stage and forming
a bed of pulp particles therein;

reacting the pulp particles with the unreacted
ozone in the second retention stage by drawing the
bleaching mixture through the bed to further consume
ozone, tnereby obtaining a bleached pulp having the
second GE brightness while stripping essentially all
available ozone from the bleaching mixture; and




'y

-7 -
removing the ozone stripped gaseous bleaching
mixture from the second stage.
According to a second aspect, the present
invention consists in a method for ozone bleaching of
5 high consistency pulp particles to raise the pulp
brightness from a first GE brightness to a second,
higher GE brightness, comprising:
providing acidified pulp particles having a high
consistency greater than 20%.
10 introducing the high consistency pulp particles
and a gaseous bleaching mixture containing ozone into a
first stage;
mixing the pulp‘particlés and gaseous bleaching
mixture in the first stage with high shearing action to
15 completely and uniformly mix and contact substantially
v all of the pulp particles with the gaseous bleaching

Tavss mixture by turbulently turning over the pulp particles

S as said particles are moved through substantially all of

- the first stage so that substantially all of the pulp
.as 20 particles are lifted, tossed or otherwise agitated in

siml the presence of the gaseous bleaching agent to react at

* .
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least a portion of said pulp particles with the ozone in
o the first stage for at least about 40 seconds to consume
at least about 50% of the ozone;

s
5 nerswiw
e

25 directing the pulp particles and bleaching

.o
.

mixture with unreacted ozone from the first stage

-

e directly into an essentially quiescent second stage to
form a bed of pulp particles therein, wherein ozone
contacted pulp particles finish reacting with said

30 unreacted ozone;

reacting the pulp varticleg with the unreacted
ozone in the quiescent second stage to consume
gsubstantially all remaining available ozone and thus
strip essentially all available ozone from the gaseous

35 Dbleaching mixture, thereby obtaining a substantially

uniformly bleached pulp having the second GE brightness;

and
removing the ozone stripped gasecus bleaching
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mixture from the second stage.

According to a third aspect, the present
invention consists in a method for ozone bleaching of
high consistency wood pulp particles to raise the pulp
brightness from a first GE brightness to a second,
higher GE brightness, comprising:

providing acidified pulp particles having a first
GE brightness and a consistency between 20-50%;

introducing the high consistency pulp particles
and a gaseous bleaching mixture containing ozone
together intoc a first stage of a first reactor vessel;

subjecting the pulp particles and gaseocus
bleaching mixture in the first vessel to high shear
mixing to c¢ontact substantially all of the pulp

particles with the ozone by turbulently turning over the

pulp particles as said particles are moved through
substantially all of the first stage &o that
substantially all of the pulp particles are lifted,
tossed or otherwise agitated in the presence of the
gaseous bleaching agent to react a portien of said
particles with the ozone in the first wvessel £6r 40 to
180 seconds to consume between 50-90% of the ozone of
the gaseous bleaching mixture;

directing the pulp particles and gaseous
bleaching mixture from said first wvessel and directly
into a gecond reactor vessel to form an essentially
quiescent pulp bed in the second reactor'vessel;

drawing said gaseous bleachirig mixture through
the pulp bed to react the pulp particles in the second
reactor vessel with unreacted ozone received from the
first vessel to strip substantially all of the ozone
from the gaseous bleaching mixture by reaction with the
pulp particles in the pulp bed to thus obtain pulp
particles having a substantially uniform second GE
brightness;

recovering the ozone &tripped gaseous bleaching
mixture from the second reactor vessel;
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quenching said bleaching reaction by adding water
to the pulp particles in the second reactor vessel; and
removing the pulp particles having said second GE
brightness from said second reactor vessel.

5 According to a fourth aspect, the present
invention consists in a reactor apparatus when used for
ozonating high consistency pulp particles according to
the methods of the first, second or third aspect,
comprising:

10 first reactor means which comprise high shear
mixing and contacting means for contacting high
consistency pulp particles and a gaseous bleaching

. mixture which contains ozone for a time period of at

ey et
trae

: least about 40 seconds to completely and uniformly mix

::”:. 15 and contact the pulp particles with the gaseous
bleaching mixture by turbulently turning over the pulp
particles as said particles are moved through
gsubstantially all of the first reactor means so that
substantially all of the pulp particles are lifted,

20 tossed or otherwise agitated in the presence of the
gaseous bleaching mixture for said time period to react
at least a portion of the pulp with the ozone in the
first reactor means;

second reactor means which comprises retention
» 25 vessel means for receiving said pulp particles and ozone
from gaid mixing and contacting means, wherein a bed of
such particles is formed therein and said pulp particles
and ozone are retained for a sufficient time to complete
the reaction of the pulp with the ozone as the remaining

30 ozeone passes through the pulp bed; and

means connecting the first and second reactor
means for directly passing the pulp particles and
gaseous bleaching mixture with unreacted ozone from the
first reactor means into the sgecond reactor means.

35 ‘ According to a fifth aspect, the présent
invention consists in an ozone pulp bleaching apparatus
for reacting high consistency pulp with a gaseous
bleaching mixture containing ozone to bleach said pulp
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from a first GE brightness to a second, higher GE
brightness, said apparatus comprising:
first reactor means including means for high
shear mixing and contacting of high consistency pulp
5 particles having said first GE brightness with a gaseous
bleaching mixture containing ozone to mix and contact
substantially all of said pulp particles with the
gaseous bleaching mixture by turbulently turning over
the pulp particles as said particles are moved through
10 substantially all of the first reactor means so that
substantially all of the pulp particles are lifted,
tossed or otherwise agitated in the presence of the
gaseous bleaching agent for reacting at least a portion
of the pulp particles with said ozone, wherein said
15 first reactor means is any one of a steam mixer, an
extruder a screen difibrator or a cut-and-folded screw
flight conveyor;
second reactor means for receiving said mixed
pulp particles and gaseous bleaching mixture from said
20 first reactor means and for retaining said particles in
a pulp bed wherein pulp particles can further react with
unreacted ozone received from said first reactor means,
said second reactor means including means for drawing
ceon said gaseous bleaching mixture through the pulp bed to
v 25 strip substantially all of the ozone from the gaseous
bleaching mixture by reaction with the pulp, and means
for separating entrained pulp particles from the
stripped gaseous bleaching mixture; and
teet means connecting the first and second reactor
M 30 means for directly passing the pulp particles and b
HIRIN gaseous bleaching mixture with unreacted ozone from the
. first reactor means into the second reactor means.
‘ According to a sixth aspect, the present
. invention consists in an ozone pulp bleaching system, 35
‘ 35 comprising in combinatiomn: E
means for mixing a low consistency pulp with
acidifying and chelating agents;
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thickening means for dewatering said low
consistency pulp to provide a high consistency pulp of
greater than 20% consistency;

pump means for traansporting the low consistency
pulp from the mixing means to the thickening means;

fluffer means for comminuting said high
consistency pulp to a desired particle size and bulk
density;

tapered conveyor means for compacting said high
consistency pulp from the thickening means and
transporting it in a plug-like manner to said fluffer
means ;

- means for introducing an ozone containing gaseous
bleaching mixture into said fluffer means, cocurrently
with said pulp; and

the reactor apparatus of the fourth or fifth
aspect.

The term "bleaching" in this application is

intended to meah the reaction of pulp with an agent to

obtdin an increase in brightness, remove lignin and
obtain a decrease in K No., without detrimentally
affecting the viscosity of the pulp.

According to a preferred embodiment of the
present invention, a low consistency pulp to be ozone
bleached is first mixed with acidifying and chelating
agents to maximize ozone consumption by the pulp. The
pulp is then thickened to a consistency of greater than
20%. Preferably, a comminuting device reduces the pulp
particles to a gize sufficient to allow substantially
complete penetration by the ozone, for example less than
ten millimeters. Preferably, the high consistency pulp
is directed into the comminuting device by a tapered
conveyor to compact the pulp in a plug-like manner to
form a gas seal. Preferably, a gaseous bleaching
mixture containing ozone is first introduced to the pulp
in the comminuting device or immediately after .it.
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Preferably, the pulp and gaseous bleaching mixture
travel cocurrently througl: the reactor first stage.
Preferably, the pulp is transported directly from the
comminuting device into a two stage reactor according to
5 the present invention.

In the first stage of the reactor of the present
invention, the high consistency pulp is subjected to
high shear mixing with the gaseous bleaching mixture to
mix and contact substantially all of the pulp particles

10 with the gaseous bleaching mixture and to react at least
a portion of the pulp with the ozone in the first

stage. Preferably, substantially all of the pulp reacts
in the first stage. The first stage also transports the
pulp to the second stage.

15 The second stage according to the present
invention preferably includes a retention vessel with an
essentially quiescent pulp bed disposed therein, Pulp
particles, contacted with 6zone in the first stage, may
complete their bleaching reaction in the pulp bed.

20 Additionally, the gaseous bleaching mixture containing
unreacted ozone is drawn through the pulp bed. This
ozone contacts the pulp for further reaction in order to
further bleach the pulp. Due to the high cost of ozone,
it is preferable to consume as much ozone as possible in

25 bleaching. The further reaction of the pulp with ozone
in the second stage consumes substantially all remaining
ozone, thusg stripping the ozone from the gaseous
bleaching mixture.

The ozone stripped gaseous bleaching mixture is

: 30 then preferably removed from the second stage after

:; : entrained pulp fibers are eliminated from the gas.
ST Preferably, the bleached pulp moves downward into

dilution water to quench the bleaching reaction and
L provide the pulp with a low consistency to facilitate
35 wmovement to subsequent processing steps.
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Devices suitable for imparting the high shear
mixing and contacting of pulp and gaseous bleaching
mixture in the first stage include steam mixers,
extruders, screw defibrators, or cut-and-folded screw
flight conveyors which are capable of lifting, tossing
and agitating the pulp into the gaseous bleaching
mixture, while conveying the pulp from the comminuting
device to the second stage.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a flow diagram illustrating the general

arrangement of the components of the present invention;

Fig. 2 is a schematic diagram of a preferred
embodiment of the present invention;
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FIG. 3 is a cross-sectional side view of a
steam mixer which may be used as the first stage reactor
of the invention;

FIG. 4 is a partial cross-sectional top view of
a Frotopulper™ screw defibrator device which may be used
as the first stage reactor of the invention;

FIGS. 5A and 5B are cross-sectional views of
the pulp bed and retention. vessel shown in FIG. 2 at
levels A and B, respectively, showing the bed sampling
locations for brightness uniformity comparison as in
Example 2;

FIGS. 6A and 6B show the GE brightness values
at the locations shown in FIGS. 5A and 5B for a two stage
reactor according to the present invention; )

FIGS. 7A and 7B show the GE brightness values
at the locations shown in FIGS. SA and 5B for a
conventional bed reactor;

FIGS. 8A and 8B are cross-sectional views of
the pulp bed and retention vessel shown in FIG. 2 at
levels A and B, respectively, showing the bed sampling
locations for brightness uniformity comparison as in
Example 3;

FIGS. 9A and 9B show the GE brightness values
at the locations shown in FIGS. 8A and 8B for a two stage
reactor according to the present invention;

FIGS. 10A and 10B show the GE brightness at the
locations shown in FIGS. 8A and 8B for a conventional bed
reactor;

FIG. 11 is a cross-sectional side view of an
extruder which may be used as the first stage reactor of
the invention; and

FIG. 12 is a partial cross-sectional view of an
alternative gas release zone configuration for the second
stage reactor according to the present invention.
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Detailed Description of the Preferred Embodiments
FIG. 1 illustrates the process and apparatus
according to the invention in general terms. Pulp 10 is
directed through a number of pre-reactor conditioning
steps. In the pre-conditioning, washed pulp 10 first
enters mixing chest 11 where it is conditioned by
The

acidified and chelated pulp 14 preferably has a target pH

treatment with acid 12 and chelating agent 13.

of approximately 2 to increase the efficiency of ozone

consumption by the pulp. Pulp 14 is a low consistency
pulp at this stage and is pumped into thickening unit 15,
such as a twin roll press. Thickening unit 15 removes
excess liquid 16 from the pulp and raises the consistency
to the desired level, greater than 20% consistency.
Preferred consistency is generally between 38 to 48%. A
substantial portion of excess liquid 16 can be recycled
into mixing chest 11, although a portion (shown by the
dotted line) may be discharged to maintain the liquid
balance of the system.

High consistency pulp 17 is directed into a
comminuting unit 18, such as a fluffer, via a tapered
screw plug conveyor 19 to provide a gas seal in a known
manner. In the present invention, the arrangement of the
fluffer and tapered screw is similar to that in U.S.
Patent No. 3,964,962f except the fluffed pulp falls into
the first stage reactor as described herein and not into
a conventional bed reactor. Comminution by the fluffer
18 creates discrete pulp particles of a sufficient size
and of a sufficiently low bulk density to allow the ozone
gas mixture to completely penetrate a majority of the
pulp particles in the first stage reactor. A particle
size of less than about Smm has been found to be most
preferable. However, sufficient particle size depends
also on bulk density and generally a particle size of

11384.1
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10mm or less will be suitable if the bulk density is low
enough.

Gaseous bleaching mixture 20, containing ozone,
is initially added to pulp 17 at or immediately below the
comminuting unit 18. The pulp 17 and gaseous bleaching
mixture 20 then flow cocurrently into reactor first stage
21,

The ozone gas which is used in the bleaching
process may be employed as a mixture of ozone with oxygen

" and/or an inert gas, or as a mixture of ozone with air.

The amount of ozone which can satisfactorily be
incorporated into the gaseous bleaching mixture is
limited by the stability of the ozone in the mixture. A
preferred mixture is about 3-6% ozone with the balance
predominantly oxygen. This amount is determined, at
least in part, by the amount of lignin which is to be
removed during the ozone bleaching process, balanced
against the relative amount of degradation of the
cellulose which can be tolerated during ozone bleaching.
Preferably, an amount of ozone is used which will react
with about 50% to 70% of the lignin present in the pulp.

First stage 21 comprises a high shear mixing
and contacting vessel where high shear mixing of the high
consistency pulp 17 and the ozone containing gaseous
bleaching mixture takes place. High shear mixing
involves a turbulent turning over of the pulp as it is
moved through a mixing device or reactor, such that
substantially all of the pulp is at one point or another
lifted, tossed, or otherwise agitated in the presence of
the ozone containing bleaching mixture. It is not
necessary, however, to fluidize the pulp particles in the
gaseous bleaching mixture because such high shear mixing
has been found sufficient to provide a uniformly bleached
pulp.
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The ozone-lignin bleaching reaction is a
contact reaction. The reaction on any ipdividual pulp
particle begins almost immediately when the lignin and
ozone are contacted and is relatively quick to
completion. There is, however, a slight delay from when
the pulp particle itself is exposed to the ozone
containing gaseous bleaching mixture to when the lignin
is actually contacted by the ozone. The delay is due to
the lignin being located primarily inside the pulp
10 particle and the time required for ozone to pass through
outer pulp fibers and water retained by the pulp fibers
to the lignin. For these reasons, complete and uniform
mixing of the pulp with the ozone in the first stage
reactor is essential to achieving uniform brightness of
the bleached pulp.

[ RN} 15
NYIT Devices suitable for use as the high shear

ees

feent mixing and contacting vessel include a steam mixer, an

s

Teeed! extruder, a screw defibrator, such as a Frotopulper™

(]
* evt
.

] device, or a cut-and-folded screw flight conveyor.
K 20 A preferred embodiment according to the present
invention is schematically illustrated in FIG. 2.
Conditioned, high consistency pulp and the cocurrent

To gaseous bleaching mixtuire (shown collectively as 32) are
introduced into the reactor first stage 21 which, in a

.« 75 preferred embodiment, comprises a cut-and-folded screw
O flight conveyor as shown. Such a conveyor includes a

' housing with a flange 35 and supporting wall 34 forming
e, an inlet. The fluffer/comminuter 18 utilized in the pre-

J e reactor conditioning may be mounted at the inlet end of a

» 30 cut-and~folded screw flight conveyor, for example by
bolting directly to flange 35.

The conveyor also serves as the first stage
reactor vessel where pulp fiber particles 36 are mixed
and substantially uniformly contacted with the gaseous

35 bleaching mixture to contact substantially all of the
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pulp with the ozone. For this embodiment, a single
rotating shaft is mounted in the housing with a
continuous screw flight on the shaft. Pd&tions are cut
from the flight to form openings and the cut portions are
bent at a predetermined angle with respect to the shaft.
A typical cut-and-folded screw flight design is
shown at 40A or 40B in FIG. 2. Pulp has been omitted
from upper screw flight only in order to more clearly
show the cut-and-folded design. Open portions 42 of the
flight permit the gaseous bleaching mixture to freely
flow therethrough, while folded portions 46 cause both
radial distribution of the gas and the appropriate high
shear lifting, tossing and/or agitating of the pulp in
the gas to obtain the desired uniform contact of ozone on
pulp. Also, the gaseous bleaching mixture is induced by
the conveyor flights to flow and surround the pulp fiber
particles so that all surfaces of the particles are
exposed to the ozone for substantially complete
penetration. These features allow the pulp fiber
particles to be substantially uniformly contacted and
bleached By the ozone in the first stage.
In the preferred embodiment of FIG. 2, the
conveyor/reactor includes two separate flights 40A and
40B. The pulp moves in the direction of arrow 47 until
it reaches the end of upper flight 40A, at which time it i
drops through a conduit, in the form of chute 48, onto
lower flight 40B. Lower flight 40B moves the pulp in the
direction of arrow 49, towards second stage 22. The
shafts of flights 402 and 40B are driven by individual
motors 46A and 46B, respectively. Alternatively, a E
single motor could be employed with the shafts coupled
together. At the end of lower flight 40B, the pulp drops @i
through outlet 50 and into the reactor second stage, ‘
indicated at 22.

R

.y

o
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The degree of bleaching which occurs in the
first stage can be controlled by varying factors such as
ozone concentration, residence time of the pulp in the
first stage and amount of pulp in the first stage. The
degree of bleaching is conveniently gauged by percentage
of available ozone which is consumed in the first stage.
This percentage will be within the range of about 50-90%,
with usually at least about 60% and more frequently about
70% of the ozorie consumed in the first stage reactor.

The residence time of the pulp particles in the
first stage is primarily dependent upon the size and type
of conveyor utilized for that stage. For the equipment
described herein, the pulp residence time in the first
stage generally ranges from about 40 to 180 seconds,
preferably between about 80 to 120 seconds.

The entire amount of lignin removed, evidenced
by the final K No., should be such that the ozone does
not react excessively with the cellulose to substantially

decrease the degree of polymerization of the cellulose.

Preferably, the amount of ozone added, based on the oven
dried weight of the pulp, typically is from about 0.2% to
about 2% to reach the desired lignin levels. Higher
amounts may be required if significant quantities of
dissolved solids are present in the system. Since ozone
is relatively expensive, it is advantageous and cost
effective to utilize the smallest amounts necessary to
obtain the desired bleaching, and to consume as much
ozone as possible.

From reactor first stage 21, the pulp and ozone i
containing bleaching mixture pass into reactor second '
stage 22, as shown in FIG. 2. Reactor second stage 22
comprises a retention vessel 52 which receives the ozone
contacted high consistency pulp 56 and the unreacted
ozone leaving the first stage. Pulp 56 falls into the

11384.
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retention vessel 52 to form an essentially quiescent pulp
bed 60.

The term "retention" is intended to mean
guiescent or very slowly axially moving, so that material
in the retention vessel is retained therein with very
little movement. Thus, there is no high shear mixing or
other significant agitation in this vessel 52, compared
to that of the first stage 21. Such agitation is
unnecessary in the second stage because the pulp and
ozone have been substantially uniformly mixed and
contacted.

Ozone leaving first stage 21 passes through bed
60 to provide maximum contact time with the pulp and
strip as much of the residual ozone (i.e., ozone not
contacted on pulp particles in the first stage) as
possible by providing further opportunities to react with
pulp particles. To ensure uniform bleaching, the pulp
may be retained in bed 60 only briefly. This minimum
time must be long enough to allow any pulp particles
contacted by ozone in the first stage, but not completely
reacted, to finish their reaction. The residence time is
extended to provide for stripping of the remaining
available ozone. Ozone stripped gas 24 is then
discharged from reactor second stage 22.

A uniform brightness is achievable by the end

-of second stage 22 because of the high shear mixing and

initial reaction in first stage 21. The subsequent
reaction to completion which occurs in the second stage
ensures an economical process by fully utilizing the

< :

ozone available.

The residence time in the second stage can be
controlled by controlling the height of bed top 62 above
water level 64 and the rate of bleached pulp 30 removal.
A retention time in bed 60 of greater than about 17
minutes will not generally be required for pulp bleaching

—
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or stripping purposes. Longer retention times may be
used for non-reaction purposes, such as when the
retention vessel 52 is utilized as a pulp accumulator.
Retention times between about 5 to 30 minutes, and more
preferably about 10 to 25 minutes will produce
satisfactory results in overall bleaching and uniformity.

As shown in FIG. 2, dilution water is intro-
duced through an inlet (not shown) and fills the bottom
-of vessel 52 to serve as an ozone gas seal at the lower
end of second stage 22. Water level 64 thus defines the
lower extent of reactor second stage 22. The water also
reduces the consistency of the pulp to a low level to
facilitate movement of the bleached pulp 30 through
subsequent process steps.

The gaseous bleaching mixture, supstantially

Tref
T

Ters stripped of ozone and containing primarily oxygen and

'.“‘ amounts of bleaching reaction by-products, is received in
ZXN release zones 70 for recovery and drawn into outlet pipe
73. From this point, the recovered gas 24 can be

g directed to a gas recycle strean.

In an alternative embodiment; the gas release
zones 70 are provided with a cross-sectional area large
enough to reduce gas velocity below the entrainment
velocity of typical pulp fibers, as shown in FIG. 12.

. - Any fibers which remain entrained can be removed by fiber
e, retention screens 72 as the gas is drawn into outlet 2
pipes 73.

e Instead of the preferred cut-and-folded screw

'“,; flight conveyor, it is also possible to utilize a mixing
? o device of the type shown in FIG. 3, a screw defibrator of
the type shown in FIG. 4 or a device sometimes referred
to as an extruder of the type shown in FIG. 11 for first 5
stage 21 of the present invention. A
The mixer 75 of FIG. 3 includes a generally
cylindrical shell 77 with a central shaft 78 having a

11384.1
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plurality of rotor elements 79 extending therefrom. This
type mixer is commonly utilized for the steam heating of
pulp and is generally referred to as a steam mixer.

Each rotor element preferably has a trapezoidal
shape which is wider at the portion attached to the shaft
78 than the opposite end. Moreover, each rotor element
79 is mounted upon the shaft at an angle with respect to
the longtitudinal axis of the shaft, and is spaced

‘radially from adjacent elements both about the

circumference of the shaft and along the shaft axis. The
number of rotor elements in each circumferential
arrangement can be the same or, as shown, can differ.
FIG. 3 illustrates the use of alternating adjacent
longitudinal arrangements, with either two or four rotor
elements.

The mixer shell 77 also includes a plurality of
elements 76 mounted in circumferential alignment on the
inside of the shell 77 which extend toward the shaft 78
and are spaced between the circumferential arrangements
of rotor elements 79. These elements 76, for
convenience, are about the same size and shape as rotor
elements 79.

Other steam mixers can also be used in the
invention, such as those described in U.S. patents
4,295,925 or 4,298,426. Also, the exact number,
configuration, arrangement and shape of the elements 76,
77 can be selected to achieve the desired high shear
mixing. Thus, cylindrical or frustoconical bars or other
shapes would be useful as elements 76, 77. All similar
shaped and sized elements or mixtures thereof c¢an be
utilized. The exact configuration or arrangement of the
elements 76, 77 may vary provided that the pulp is
properly mixed with the gaseous bleaching mixture and
bridging of the pulp is substantially avoided. The
arrangement shown in FIG. 3 achieves such dispersal, with
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elements 76 preventing bridging of the pulp while the
shaft 78 is rotated. Other arrangements could also be
used. N

Another device which is useful as the first
stage reactor 21 of the present invention is the pulp
defibrator 85 shown in FIG. 4. Defibrator as used herein
is intended only to be descriptive of devices known in
the art as such. It is not intended to mean that the
device must actually defibrate pulp when used in
connection with the present invention. Defibrator 85
includes an outer shell 88 for housing two parallel
rotating shafts 86, 89 having meshing screw flights 87,
90 of opposite hand. Thus, shaft 86 is rotated in the
opposite direction to that of shaft 89 to achieve proper
meshing of the flights. Outer shell 88 includes a pulp
inlet 91 and pulp outlet 93. Thus, the pulp particles
introduced into inlet 91 are subjected to high shear as
they pass through the device toward outlet 93.

One type of useful defibrator is known in the
art as a Frotopulper™ device. Other screw defibrators,
such as tﬁat disclosed in U.S. Patent 3,533,563, however,
can also be utilized as the first stage reactor 21 of
this invention.

Also useful for the first stage of the present
invention are devices sometimes referred to in thée art as

extruders shown at 94 in FIG. 11. Extruders contemplated’

for use in the present invention include devices
comprising meshing double screws 95 contained within a
gas tight housing 96. The screws may be provided with
alternating pulp expanding and compacting zones as shown
in FIG. 11 at 97 and 98, respeé¢tively. Such a device is
disclosed in European patent application No. 0 276 608."
A common feature of each of the above mentioned
devices is their capability of subjecting the pulp to
high shear mixing by lifting, tossing, and/or agitating
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the high consistency pulp in the presence of a gaseous
bleaching mixture containing ozone to achieve a
substantially homogeneous mixture of ozoffe and pulp.

Although the reactor of the present invention
can be utilized to bleach a wide variety of different
pulps, a desirable range of initial pulp properties
entering the reacto. for softwood or hardwood pulp would
be a K No. of 10 or less, a viscosity of greater than
about 13 cps and a consistency of above 20% but less than
60%. After bleaching the pulp as described herein, the
pulp exiting the ozone reactor has a GE brightness of at
least about 45% and generally about 45% to 70%, with
softwoods usually being above 45 and hardwoods usually
being above 55%. The pulp (for hardwoods or softwoods)
alsé has a viscosity of greater than about 10 and a K No.
of about 5 or less.

The high shear mixing of the present invention
provides high penetration and substantially uniform
contact of ozone with pulp, prior to introduction into
bed 60. The present invention also allows greater than
about 50% and preferably 60-75% or more of the pulp
particles to be reacted with ozone to completion in the
first stage. Since a majority of the pulp particles are
substantially bleached in the first stage, the overall
brightness of the pulp exiting the first stage approaches
60-75% of the desired final brightness. Even if the
residual ozone is not completely uniformly mixed with the
pulp particles in the bed, the overall brightness of the
final bleached pulp is more uniform compared to bed
processess of the prior art because the pulp entering the
second stage already has been bleached approximately 70%
towdrd the desired level. For this reason, it is
desirable to cobtain the greatest reaction of ozone and
pulp particles in the first stage to obtain the greatest
bleaching uniformity of the pulp. By comparison, where
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ozone is added to a conventional bed, the pulp must be
entirely bleached in the bed and variations in bleaching
due to the non-homogeneous mixing of ozone and pulp cause
greater differences and non-uniformity in the final
brightness of the pulp.

EXAMPLES

The scope of the invention is further described
in connection with the following examples, which are set
forth for purposes of illustration only and which are not
to be construed as limiting the scope of the invention in
zny manner. Unless otherwise indicated, all chemical
percentages are calculated on the basis of the weight of
oven dried (OD) fiber. Also, one skilled in the art
would understand that the target brightness values do not
need to be precisely achieved, as GEB values of plus or
minus 2% from the target are acceptable. Also, average
brightneSS values may vary slightly depending on the
location where samples were taken, for example, as
between bed samples and reactor discharge. This
variation is due to the fact that it was not possible to
take brightness samples over the entire bed cross-
section. If precise and complete sampling were possible,
these inconsistencies should disappear.

In the examples that follow, the first stage of
the reactor comprised a cut-and-folded screw flight
conveyor having two flights as shown in FIG. 2. The
diameter of the flights was about 19 inches and each
flight was approximately nine feet lohg. A half pitch =
design was used for the conveyor. The fill level of pulp
in the first stage conveyor/reactor was generally about
25%. The second stage of the reactor was also _ '
substantially the same as shown in FIG. 2. Also, the ¢
fluffer employed comminuted pulp particle size down to
about 4mm. . :
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Example 1
In this example, the pulp is a fluffed and

oxygen bleached low kappa pine, having a K No. of about 8
or less. Pre-reactor conditioning resulted in a
viscosity of greater than about 14 cps, a consistency of
abcut 42%, an entering brightness of about 41% GEB, and a
PH of slightly less than about 2. The tonnage of pulp
through the reactor was about 15 tons per day (tpd). The
conveyor of the first stage was rotated at about 20 rpm
to provide a residence time for pulp in the first stage
of approximately 115 seconds. The pulp bed in the second
stage was maintained at a height of approximately 3 feet
above the gas release zone, which resulted in a retention
time of about 17 minutes. The cocurrent gas flow was at
a rate of about 50-60 scfm with an eritering ozone content
of approximately 3.5 to 4 wt%.

A target brightness of 56% GEB was selected for
the pulp discharged from the reactor second stage. Under
the above conditions, the reactor according to the
present invention achieved an average reactor discharge
brightness 6f about 56.6% GEB. The average K No. at
discharge was reduced to about 3.6. 1In achieving this
improved brightness, about 71% of the available ozone was
consuned in the reactor first stage and an additional 22%
was consumed in the reactor second stage, for a total

" consumption of about 93% of the available ozone.

Example 2

This example was run under substantially the
same conditions as described in the first paragraph of
Example 1 above, except the tonnage in this example was
about 8-10 tpd. Also, the entering brightness of the
pulp was slightly less, at about 39% GEB.

Again, a target brightness of 56% GEB was
selected for the pulp discharged. Under these

i1384.1
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corditions, the present invention achieved an average
discharge brightness of about 54.1% GEB. The average K
No. at discharge was reduced to about 3.9. The amounts
of available ozone consumed in the first and second
5 stages was also approximately the same as in Example 1.
In addition to sampling at the reactor
discharg:z, bed samples were taken to determine the
uniformity in bleaching throughout the bed. Seventeen
- samples were pulled from the bed across its cross-
10 section, at two different levels:

Level A, located approximately at A in FIG. 2,
about 3 feet above the gas release zone approximately
along the top surface of the bed. This corresponds to
sample locations 1-10 shown in FIG. 5A.

enen 15 Level B, located approximately at B in FIG. 2,
eee about 1 % feet above the gas release zone. This
Teanst corresponded to sample locations 11-17 shown in FIG. 5B.
:‘ . For the purposes of comparison, a conventional
y bed reactor such as disclosed in U.S. Patent No.

20 3,964,962 was also used for ozone bleaching of generally
the same quality pulp with an entering brightness of

RO about 35.1% GEB, an ozone gas flow of 173 scfm at 2.5 wt}
Ty concentration of ozone, a 38% consistercy and a bed

- height of about 8.8 feet. The tonnage in the

s 25 conventional bed reactor was about 15 tpd. The

ool operational parameters of the conventional bed reactor
e were selected based on the knowledge of those skilled in
Lo, the art to provide optimum results with the reactor used.
.ﬁ:} Samples were taken at approximately the same location in

30 the bed as shown in FIGS. 5A and 5B.

FIGS. 6A and 6B show the brightness
distribution in the second stage bed according to the
present invention, for the sampling locations illustrated
in FIGS. 5A and 5B, respectively. FIGS. 7A and 7B show

35 the same data for the conventional bed reactor. The data
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are summarized and compared in Table I, below. As is
apparent from a comparison of FIGS. 6 and 7, and from
Table I, the present invention provides improved
macroscopic uniformity by utilizing a two stage bleaching
process and reactor as described herein.

TABLE I
10 -

Two Stage Reactor Conventional
of Present Bed Reactor
Invention

Average Brightness 56.4 ‘ 54.3
in Bed

1
‘s 5 Standard Deviation 3.4 4.4

e of Brightness

1 High Brightness i 61.2 62.0
Sample '

e Low Brightness 49.3 45.6
: Sample

‘ 20 Range of Brightness 11.9 | 16.4
{High=-Low)

O Example 3

R This example was similar to the previous

o 25 examples except that a hardwood pulp was used. The

TSI hardwood pulp had a K No. of about $ or less. The pre-

feeest reactor conditioning provided a viscosity of greater than

about 10 cps, a consistency of about 42% and an entering

feet brightness of about 47% GEB. Again, the pulp was

G 30 acidified to a pH of slightly less than about 2. The
pulp tonnage in this example was 8 tpd. The conveyor of
the reactor first stage was rotated at about 21 rpm to
provide a first stage residence time of slightly less
than about 115 seconds. The bed height was also

35 maintained at about 3 feet in the second stage, again for
a retention time of about 17 minutes. The cocurrent gas
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flow was at a rate of about 30 scfm with an entering
ozone concentration of between about 4-5'wt%.
A target brightness of 63% GEngas selected and
the entering ozone concentration was varied slightly

within the above range to maintain the target.

Under

these conditions the average reactor discharge brightness

was about 65.6% GEB.
reduced to about 1.65.

The average K No. at discharge was
About 63-65% of the available

ozone was consumed in the reactor first stage and an

10

additional 25-32% was consumed in the second stage for a

total consumption of about 90-95% of the available ozone

over the course of the experiment.

a 42% consistency and a bed height of 8.5 feet.

As in Example 2, bed brightness samples were
taken from the present invention and compared with the

15 results obtained in the conventional bed reactor. The
operating condition in the conventional bed reactor were
an entering brightness of about 32.6% GEB, an ozone gas
flow of about 176 scfm at 2.5 wt% concentration of ozone,

The

20 tonnage in the conventional bed reactor was again about

15 tpd.

55 at A and B in FIG.

FiGS, BA and 8B illustrate the twefty-seven bed
sampling locations, at levels of about 3 feet and 1%
feet, respectively, above the gas release zone, as shown

2. FIGS. 9A and 9B show the

brightness distribution in the second stage of the
present invention for the sampling locations illustrated

in FIGS. 8A and 8B, respectively.

35

i e Ity e b ARG i 2 e

(Samples shown in FIG.
9A were taken along the top of the bed). FIGS.

30 10B show the same data for the conventional bed reactor.
The data are summarized and compared in Table II, below.
Again, comparison of FIGS. 9 and 10, and Table II, show a
clear improvement in brightness uniformity for the
present invention versus a conventional bed reactor.

10A and
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TABLE IIX
Two Stage Reactor | Conventional
of Present Bed Reactor
Invention
5 Average Brightness 63.4 55.7
in Bed
Standard Deviation 1.3 6.0
of Brightness
High Brightness 65.9 65.0
Sampie
10 Low Brightness 61.2 43.5
Sample
Range of Brightness 4.7 21.5
(High=-Low)
15
v ‘ 20
25
YR
o
s ‘el 30
35
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:-~
1. A method for ozone bleaching of high consistency

pulp particles to raise the pulp brightness from a first
GE brightness to a second, higher GE brightness,
comprising:

providing acidified pulp particles having a high
consistency greater than 20%;

introducing the high consistency pulp particles
and a gaseous bleaching mixture containing ozone into a
first stage;

mixing the pulp particles and gaseous bleaching
mixture in the first stage with high shearing action to
completely and uniformly mix and contact the pulp
particles with the gaseous bleaching mixture by
turbulently turning over the pulp particles as said
particles are moved through substantially all of the
first stage so that substantially all of the pulp
particles are lifted, tossed or otherwise agitated in
the presence of the gaseous bleaching agent to react at
least a portion of said pulp particles with the ozone in
the first stage for at least about 40 seconds to obtain
an initial reaction between the ozone and the pulp
particles;

directing the pulp particles and gaseous bleaching
mixture with unreacted ozone from the first stage
directly into a second retention stage and forming a bed
of pulp particles therein;

reacting the pulp particles with the unreacted
ozone in the second retention stage by drawing the
bleaching mixture through the bed to further consume
ozone, thereby obtaining a bleached pulp having the
second GE brightness while stripping essentially all
available ozone from the bleaching mixture; and

removing the ozone stripped gaseous bieaching
mixture from the second stage.
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2. A method for ozone bleaching of high consistency
pulp particles to raise the pulp brightness from a first
GE brightness to a second, higher GE brightness,
comprising:

providing acidified pulp particles having a high
consistency greater than 20%.

introducing the high consistency pulp particles
and a gaseous bleaching mixture containing ozone into a
first stage; .

mixing the pulp particles and gaseous bleaching
mixture in the first stage with high shearing action to
completely and uniformly mix and contact substantially
all of the pulp particles with the gaseous bleaching
mixture by turbulently turning over the pulp particles
as said particles are moved through substantially all of
the first stage so that substantially all of the pulp
particles are lifted, tossed or otherwise agitated in
the presence of the gaseous bleaching agent to react at
least a portion of said pulp particles with the ozone in
the first stage for at least about 40 seconds to consume
at least about 50% of the ozone;

directing the pulp particles and bleaching mixture
with unreacted ozone from the first stage directly into
an essentially quiescent second stage to form a bed of
pulp particles therein, wherein ozone contacted pulp
particles finish reacting with said unreacted ozone;

reacting the pulp particles with the unreacted
ozone in the quiescent second stage to consume
substantially all remaining available ozone and thus
strip essentially all available ozone from the gaseous
bleaching mixture, thereby obtaining a substantially
uniformly bleached pulp having the second GE brightness;
and

removing the ozone stripped gaseous bleaching
mixture from the second stage.
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The method according to claim 2, further

comprising comminuting the pulp particles to sufficient

size to achieve substantially complete penetration of a

majority of said particles by the ozone.

4.

between 60-75%

The method according to claim 2 or 3, wherein
of the total available ozone is consumed

in the first stage; and between 20-40% is consumed in

the second stage.

5.

The method according to any one of claims 2 to 4

wherein the pulp particles have a consistency of 35 to

50% and are mixed with the gaseous bleaching mixture for

40 to 180 seconds prior to passing to the second stage.

6.

The method according to claim 5, wherein the pulp

particles are reacted with the unreacted ozone in the

second stage for 5 to 30 minutes to substantially

complete the bleaching of the pulp particles.

7.

A method for ozone bleaching of high consistency

wood pulp particles to raise the pulp brightness from a

first GE brightness to a second, higher GE brightness,

comprising:

providing acidified pulp particles having a first

GE brightness and a consistency between 20-50%;

introducing the high consistency pulp particles

and a gaseous bleaching mixture containing ozone

together into a first stage of a first reactor vessel;

bleaching mixture in the first vessel to high shear

subjecting the pulp particles and gaseous

mixing to contact substantially all of the pulp

particles with the ozone by turbulently turning over the

i
pulp particles as said particles are moved through i

substantially all of the first stage so that

substantially all of the pulp patticles are lifted,

tossed or otherwise agitated in the presence of the
gaseous bleaching agent to react a portion of said
particles with the ozone in the first vessel for 40 to
180 seconds to consume between 50-90% of the ozone of
the gaseous bleaching mixture;
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directing the pulp particles and gaseous
bleaching mixture from said first vessel and directly
into a second reactor vessel to form an essentially
quiescent pulp bed in .ae second reactor vessel;

5 drawing said gaseous bleaching mixture through
the pulp bed to react the pulp particles in the second
reactor vessel with unreacted ozone received from the
first vessel to strip substantially all of the ozone
from the gaseous bleaching mixture by reaction with the

10 pulp particles in the pulp bed to thus obtain pulp
particles having a substantially uniform second GE
brightness;

: : ‘ recovering the ozone stripped gaseous bleaching

mixture from the second reactor vessel;
AR 15 quenching said bleaching reaction by adding water
to the pulp particles in the second reactor vessel; and
removing the pulp particles having said second GE
brightness from said second reactor vessel.
8. The method according to claim 7, wherein:
20 the amount of ozone consumed in the first reactor
‘ vessel is between 60-75% of total available ozodne; and
R the amount of ozone consumed in the second

‘ reactor vessel is between 20-40% of total available

- a

ozone.
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. 25 9. The method according to claim 8, further

‘ comprising continuously conveying said pulp in said

first reactor vessel from an inlet to an outlet while '
performing said high shear mixing.

10. A reactor apparatus when used for ozonating high ]
) 30 consistency pulp particles according to any one of the %
w? preceding method claims, comprising: .

first reactor means which comprise high shear
mixing and c¢ontacting means for contacting high
consistency pulp particles and a gaseous bleaching
35 mixture which contains ozone for a time period of at

y -

least about 40 seconds to completely and uniformly mix

&
T
¥

and contact the pulp particles with the gaseous
bleaching mixture by turbulently turhing over the pulp
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particles as said particles are moved through
substantially all of the first reactor means so that
substantially all of the pulp particles are lifted,
tossed or otherwise agitated in the presence of the
gaseous bleaching mixture for said time period to react
at least a portion of the pulp with the ozone in the
first reactor means;

second reactor means which comprises retention
vessel means for receiving said pulp particles and ozone
from said mixing and contacting means, wherein a bed of
such particles is formed therein and said pulp particles
and ozone are retained for a sufficient time to complete
the reaction of the pulp with the ozone as the remaining
ozone passes through the pulp bed; and

means connecting the first and second reactor
means for directly passing the pulp particles and
gaseous bleaching mixture with unreacted ozone from the
first reactor means into the second reactor means.
11. The apparatus according to claim 10, wherein the
first reactor means further comprises a mixing vessel
surrounding the high shear mixing and contacting means
and having an inlet for receiving said pulp particles
and an outlet for removing the pulp particles and ozone
after reaction of at least a portion of the pulp
particles with the ozone; and

the connecting means includes an inlet on the
second reactor means for communicating directly with the
outlet of the mixing vessel.
12. The apparatus according to claim 11, wherein the
mixing vessel comprises a shell defining the inlet, the
outlet and an inner chamber for surrounding the high
shear mixing and contacting means, and wherein the high
shear mixing and contacting means comprises two parallel
rotatable shafts with meshing screw flights mounted
thereon for advancing the pulp particles from the inlet
to the outlet.

- kv B A LAl s Tt - et AN et y
o - e~y e W

—



an

~ xase se

5
10
15
20
L} Tt
S
““.
“Il‘ 25
"
("l:
.
oes 30
".‘.
:“.
(.'.
LN
%
¢
‘l i
:a;ci 35
\?'\N.I..;‘\\.\
[5‘ //.f Yoy
- A SR
v /@' ,f"/'
N (.)1; (S
L
SUENY

- 30 -

13. The apparatus according to claim 11, wherein the
mixing vessel comprises a shell defining the inlet, the
outlet and an inner chamber for surrounding the high
shear mixing and contacting means, and wherein the high
shear mixing and contacting means comprises a rotatable
shaft with a plurality of individual radially extending
rigid members and a plurality of cooperating rigid
members extending inward from said shell toward said
shaft.
14. The apparatus according to claim 11, wherein the
mixing vessel comprises a shell defining the inlet, the
outlet and an inner chamber for surrounding the high
shear mixing and contacting means, and wherein the high
shear mixiﬁg and contacting means comprises a rotatable
shaft with a continuous screw flight, wherein said screw
flight has a plurality of portions cut from the flight
to form openings therein, said cut portions being bent
at a préedetermined angle with respect to the shaft.
15. The apparatus according to any one of claims 11
to 14, further comprising a comminuting unit mounted on
said first reactor means for comminuting pulp particles
and directing said comminuted pulp particles into said
mixing vessel inlet.
16. An ozone pulp bleaching apparatus for reacting
high consistency pulp with a gaseous bleaching mixture
containing ozone to bleach said pulp from a first GE
brightness to a second, higher GE brightness, said
apparatus comprising:

first reactor means including means for high
shear mixing and contacting of high consistency pulp
particles having said first GE brightness with a gaseous
bleaching mixture containing ozone to mix and contact
substantially all of said pulp particles with the
gaseous bleaching mixture by turbulently turning over
the pulp particles as said particles are moved through
substantially all of the first rsactor means so that
substantially all of the pulp particles are lifted,
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tossed or otherwise agitated in the presence of the
gaseous bleaching agent for reacting at least a portion
of the pulp particles with said ozone, wherein said
first reactor means is any one of a steam mixer, an
extruder, a screw defibrator or a cut-and-folded screw
flight conveyor;

second reactor means for receiving said mixed
pulp particles and gaseous bleaching mixture from said
first reactor means and for retaining said particles in
a pulp bed wherein pulp particles can further react with
unreacted ozone received from said first reactor means,
said second reactor means including means for drawing
said gaseous bleaching mixture through the pulp bed to
strip substantially all of the ozone from the gaseous
bleaching mixture by reaction with the pulp, and .aeans
for separating entrained pulp particles frcm the
stripped gaseous bleaching mixture; and

means connecting the first and second reactor
means for directly passing the pulp particles aand
gaseous bleaching mixture with unreacted ozone from the
first reactor means into the second reactor means.
17. The apparatus according to claim 16, wherein said
first reactor means includes a shell defining an inlet
and an outlet; and means for conveying said pulp
particles from the inlet to the outlet simultaneously
with said high shear mixing and contacting of said pulp
particles with the gaseous bleaching mixture.
18. The apparatus according to claim 17, wherein said
first reactor means has a predetermined length between
gald inlet and outlet and said conveying means includes
means for rotating the conveying means at a speed
sufficient to cause between 50-90% of the ozone in the
gageous bleaching mixture to be consumed by reaction
with the pulp particles within said first reactor means.
19. The apparatus according to claim 18, wherein said
second reactor means comprises a vertical generally
cylindrical vessel having a top and a bottom, with said
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top being joined to the shell of said first reactor
means by the connecting means to communicate with said
first reactor means for receiving said pulp particles
and gaseous bleaching mixture.

20. The apparatus according to claim 19, wherein said

shell of the first reactor means further defines at

least one inner chamber communicating with the inlet and

outlet, and said conveying means comprises:
at least one rotatable central shaft extending
the length of said inner chamber; and

extending means mounted on said shaft for

lifting, tossing and agitating the pulp particles while

moving them from the inlet to the outlet.

21. The apparatus according to claim 20, wherein said

extending means compriges a continuous flight serew
surrounding said shaft and having a plurality of

portions which are cut from the flight to form openings

therein, said cut portions being bent dt a predetermined

angle with respect to the shaft.
22. An ozone pulp bleaching system, comprising in
combination:

means for mixing a low consistency pulp with
acidifying and chelating agents;

thickening means for dewatering said low
cansistency pulp to provide a high consistency pulp of
greater than 20% consistency;

pump means for transporting the low comsistency
pulp from the mixing means té the thickening means;

fluffer means for comminuting said high
consistency pulp to a desired particle size and bulk
density;

tapered conveyor means for compacting said high
consistency pulp from the thickening means and
transporting it in a plug-like manner to said fluffer
means;
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means for introducing an ozone containing gaseous
bleaching mixture into said fluffer means, cocurrently
with said pulp; and

the reactor apparatus of claim 10 or 16.
23, The system according to claim 22, wherein said
extending means comprises a continuous flight screw
surrounding said shaft and having a plurality of
portions which are cut from the flight to form openings
therein, said cut portion being bent at a predetermined
angle with respect to the shaft.
24. The system according to claim 22 or 23, wherein
said first reactor means ig any one of a steam mixer, an
extruder, a screw defibrator or a cut-and-folded screw
flight conveyor.
25. The method according to claim 1, wherein the pulp
particles have a consistency of 35 to 50% and are mixed
with the gaseous bleaching mixture for 40 to 180 seconds
prior to passing to the second stage and wherein the
pulp particles are reacted with the unreacted ozone in
the second stage for 5 to 30 minutes to substantially
complete the bleaching of the pulp particles.
26. The method according to ¢laim 2, wherein the pulp
particles have a consistency of 35 to 50% and are mixed
with the gaseous bleaching mixture for at least about 80
seconds prior to passing to the second stage and wherein
the pulp particles are reacted with the unreacted ozone

FIE

in the second stage for at least about 10 minutes to
substantially complete the bleaching of the pulp ;
particles. y
27. The method according to claim 2, wherein the pulp i
particles have a consistency of 35 to 50% and are mixed
with the gaseous bleaching mixture for 80 to 120 seconds
prior te passing to the second stage and wherein the ﬁh
pulp particles are reacted with the unreacted ozone in B
the second stage for 10 to 25 minutes to substantially ,
complete the bleaching of tlie pulp particles.
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28.. The method of claim 7, wherein the pulp particles
are reacted with the unreacted ozone in the second
reactor vessel for 5 to 30 minutes to substantially
complete the bleaching of the pulp particles.
29. The method of claim 1, which further comprises
comminuting the acidified pulp particles prior to
introducing the comminuted pulp particles into the first
stage.
30. The method of claim 2, which further comprises
comminuting the acidified pulp particles prior to
introducing the comminuted pulp particles into the first
stage.
31. The method of claim 7, which further comprises
comminuting the acidified pulp particles prior to
introducing the comminuted pulp particles into the first
stage.
32. The apparatus according to claim 15, wherein said
first reactor means has a predetermined length between
said inlet and outlet and includes means for operating
thé high shear mixing and contacting means in a manner
sufficient to cause between about 50-90% of the ozone in
the gaseous bleaching mixture to be consumed by reaction
with the pulp particles within said first reactor means.
33. The apparatus according to claim 15, wherein said
first reactor means has a predetermihed length between
said inlet and outlet and includes means for operating
the high shear mixing and contacting means in a manner
sufficient to retain the pulp particles in contact with
the gaseous bleaching mixture for at least about 40
seconds in said first reactor means.
34, The apparatus according to claim 15 wherein the
retention vessel means is sized to retain the pulp
particles therein for a period of at least about 5
minutes to complete the reaction of the pulp with the

ozone.

RS TP O, o R . - . - - Y . - PRENTUR N TSI WV

i1

i

——

p—— %

PO SRV VA

J



!

———.

« sese ea

.e

.« anw

10

15

20

25

30

35

- 35 -~
35. The apparatus according to claim 17, wherein said
first reactor means has a predetermined length between
said inlet and outlet and said conveying means includes
means for rotating the conveying means at a speed
sufficient to retain the pulp particles in contact with
the gaseous bleaching mixture for at least about 40
seconds in said first reactor means.
36. The apparatus according to claim 17, wherein the
second reactor means is sized to retain the pulp
particles therein for a period of at least about 5
minutes to complete the reaction of the pulp with the
ozone.
37. The apparatus of claim 10 further comprising
means for providing high consistency pulp particles
having a consistency of at least about 20% into the
first reactor means.
38. The apparatus of claim 37 further comprising
means for providing a gaseous bleaching agent which
includes ozone into the first reactor means.
39. The system according to claim 22, wherein said
first reactor means includes means for rotating the
conveying means at a speed sufficient to retain the pulp
particles in contact with the gaseous bleaching mixture
for between 40 to 180 seconds in said first reactor
means.

40. The system according to claim 22, wherein the

PPN

second reactor means is sized to retain the pulp

particles therein for a period of at least about 5

minutes to complete the reaction of the pulp with the 1
ozone.

41. The system according to claim 39, wherein the

second reactor means is sized to retain the pulp

particles therein for a period of 5 to 30 winutes to @;
complete the reaction of the pulp with the ozone. !
42. A method for ozone bleaching of high consistency

pulp particles to raise the pulp brightness from a first

GE brightness to a second, higher GE brightness, which
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method is substantially as herein described with
reference to any one of the accompanying drawings or any
one of the Examples but excluding any comparative
examples.

5 43, An ozone pulp bleaching apparatus, substantially
as herein described with reference to any one of the
accompanying drawings or any one of the Examples but
excluding any comparative examples.

DATED this 16th day of AUGUST 1994
UNION CAMP PATENT HOLDING, INC.
Attorney: IAN T. ERNST
Fellow Institute of Patent Attorneys of Australia
of SHELSTON WATERS
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TWO STAGE PULP BLEACHING REACTOR

ABSTRACT OF DISCLOSURE

A two stage ozone-pulp bleaching method and
apparatus are disclosed. In the first stage, high
consistency pulp particles are turbulently mixed and

contacted with a gaseous mixture containing ozone to mix
and contact substantially all of the pulp particles with

ozone to react at least a portion of the pulp particles
with the ozone. Pulp particles and gaseous bleaching
mixture are then directed to a second stage including a
quiescent pulp bed. Pulp particles may complete their
reaction in the bed, which alr» serves to strip ozone

which was not contacted with pulp particles in the first

stage from the gaseous bleaching mixture.
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