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@ A process for dispersing one fluid in another.

@ A process for dispersing a first fluid in a second fluid
having a relatively higher viscosity comprising the following
steps:

(a) providing a confined zone (21) having an opening at
its upstream end, an opening at its downstream end, and a
hypothetical central axis {29) running from its upstream end
to its downstream end;

{b) introducing the second fluid into the confined zone
(21) at the opening in its upstream end in such a manner that
the second fluid passes from the opening in the upstream
end through the opening in the downstream end;

(c) dividing the first fluid into a plurality of streams and
introducing the streams into the second fluid co-currently
therewith whereby:

(i) the number of streams is in the range of about 25
streams per square foot of a cross-section of the confined
zone to about 1000 streams per square foot of the cross-
section;

(i) the cross-section is perpendicular to the axis (29);
and

{iii} the streams are about equidistant from one another,
the distance between the streams being about 0.375 to about
2.5 inches.

The process may be applied in oxygen bleaching of
celiulose pulp by introducing the oxygen through an inlet
(27) into a plurality of small pipes (1-16) having outlet ports
(31).
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DESCRIPTION

A Process for Dispersing One Fluid in Another

Technical Field

This invention relates to a process for
dispersing a fluid, which may be a gas or liquid,
into a high viscosity liquid.

Background Art

In certain types of systems involving the
reaction and/or blending of a material or fluid of
relatively high viscosity with a second fluid, it is
desirable to uniformly disperse the second fluid
throughout the mass of high viscosity material.
Such a system is the bleaching of medium consistency
pulp with gaseous oxygen or with aqueous solutions
of chlorine dioxide, hydrogen peroxide, or sodium
hypochlorite. The bleaching 1is intended to whiten
and brighten the pulp without damaging the strength
characteristics of the paper to be made from the
pulp. The main light absorbing substances in wood
pulp are the lignin and resin components. Therefore,
to make the pulp whiter, these substances must be
removed. Oxidation, reduction, or hydrolysis make
the lignin and resin components soluble so that they
can be washed away by aqueous solutions. The
initial solubilization of the bulk of the lignin is
carried out with non-oxidizing substances such as
alkalies, sulfides, or sulfites; however,
continuation of the dissolution by this means is
found to seriously degrade the carbohydrate fraction
of the pulp, affecting both strength and yield.
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Since lignin is readily oxidized by many substances,
the remainder, then, is removed by oxidation and
dissolution of the oxidized products in water and
aqueous alkali. Chlorine, chlorine dioxide,
hypochlorite, hydrogen peroxide, ozone, and oxygen
can be used separately or in various combinations as
oxidizing agents. '

Pulp bleaching plants generally treat the
pulp in a continuous flow mode with a series of
oxidizing agents. An alkaline treatment step is
often provided between some of the oxidizing
treatment steps with a water wash after each step.

A typical sequence would be to start with an aqueous
chlorine treatment, then a water wash, an alkaline
treatment, water wash, aqueous chlorine dioxide
treatment, and a final water wash. The apparatus in
which these steps are conventionally carried out
are, in order of use, a8 chlorinatlon tower, a water
washer, a steam mixer, a thick stock pump, an upflow
or downflow extraction tower, a water washer, a
chlorine dioxide mixer, a chlorine dioxide tower,
and a water washer.

It has been known for some time that the
addition of about five kilograms of oxygen gas per
metric ton of dry pulp to the process between the
aqueous chlorine treatment step and the alkaline
treatment step permits equivalent levels of
bleaching to be obtained at reduced chlorine
dioxide(or other oxidant) requirements. The
relatively high viscosity of the pulp makes it
difficult to disperse the oxygen gas uniformly
throughout the pulp. The reason for the difficulty
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lies in the fact that it 1s necessary to create
turbulence in the viscous material in order to
obtain a good dispersion, and early mixing
techniques were just not up to this task.

Typically, the pulp entering the alkaline
extraction tower is of medium consistency,
containing about ten to about fifteen percent by
weight of dry pulp admixed with an alkaline aqueous
solution. 1Its flow characteristics, or viscosity,
are comparable to that of ground meat or damp
papier-mache. 1If the oxygen gas is not well
dispersed within the pulp mass, it will not be able
to reach most of the pulp and the desired reaction
will not be able to take place in the portion of the
pulp mass unexposed to the oxygen.

The first commercial plants using oxygen
with medium consistency pulp achieved adequate
dispersion of the oxygen gas in the pulp by
employing dynamic mechanical mixers. Such mixers,
however, are complicated pieces of equipment with
high capital, maintenance, and operational costs.

Disclosure of the Invention

An object of the invention, therefore, is
to provide a process which will disperse one fluid
uniformly throughout another fluid where one of the
fluids characteristically has a relatlively high
viscosity thus achieving an otherwise difficult to

attain level of dispersion without mechanical mixing
devices.

Other objects and advantages will become
apparent hereinafter.
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According to the present invention, an
improvement has been discovered in a process for
dispersing a first fluid in a second fluid having a
relatively higher viscosity comprising the following
steps:

(a) providing a confined zone having
an opening at its upstream end, an opening at its
dowristream end, and a hypothetical central axis
running from its upstream end to its downstream end;

(b) introducing the second fluid into
the confined zone at the opening in its upstream end
in such a manner that the second fluid passes from
the opening in the upstream end through the opening
in the downstream end:

(c) dividing the first fluid into a
plurality of streams and introducing the streams

into the second fluid co-currently therewith whereby:

(i) the number of streams is in
the range of about 25 streams per square
foot of a cross-section of the confined
zone to about 1000 streams per square foot
of the cross-section;

(i1) the cross-section is
perpendicular to the axis; and

(iii) the streams are about
equidistant from one another, the distance
between the streams being about 0.375 to
about 2.5 inches.

Brief Description of the Drawing
Figure 1 is a schematic diagram of a view
of a cross-section taken from the upstream or

downstream end of one embodiment of the invention.
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Figure 2 is a side view cross-section of
the same embodiment seen in Figure 1.

Figure 3 is a schematic diagram of one of
the small pipes shown in Figure 1 taken from the
downstream end and showing two rows of outlet
ports. The small pipe has been enlarged over its
counterpart in Figure 1.

Figure 4 is a schematic diagram of an
enlarged section of Figure 3 showing some of the
outlet ports.

Figure 5 is a schematic diagram of a plan
view cross-section of Figure 4 showing detail of the
outlet ports.

Detailed Description

While the invention will be described in
terms of an important application, i.e., pulp
bleaching, it has application in many other
industrial processes such as dispersing dyes in high

viscosity polymers; dispersing additives in high
viscosity food materials; and blending epoxy
components, and other processes where dispersion of
one material in another is considered to be a
critical factor. Liquid/liquid and gas/liquid
mixtures are contemplated, the fluid having the
relatively higher viscosity, of course, being a
liquid or semi-liquid. The liquid to be dispersed
can also have a relatively high viscosity provided
that it is capable of being passed through the
second confined zones and the ports.

The process provides a series of steps
whereby a plurality of small streams is introduced
across the flow of a high viscosity fluid, the flow
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pattern being achieved with minimal pressure drop.
The number of streams is in the range of about 25
streams per square foot of cross-section of the
confined zone to about 1000 streams per square foot
of the cross-section. The cross-section used here
is a cross-section perpendicular to the hypothetical
central axis referred to above. The cross-section
is selected at any point in the confined zone at
which all of the streams have been formed. This is
usually between the midpoint of the axis and the
downstream end of the zone, preferably closer to the
midpoint. The preferred number of streams is in the
range of about 50 to about 600 streams per square
foot. The streams are about equidistant from one
another, the distance between streams being about
0.375 to about 2.5 inches and preferably about 0.5
to about 1.7 inches. The direction of flow of these
small streams of liquid or gas bubbles is defined by
the flow of the relatively higher viscosity fluid.
The dispersion can be enhanced with the use of a
mixing device such as a static mixer located
downstream of the apparatus used to carry out
subject process.

A typical static mixer has a multiplicity
of baffles located in a pipe. The baffles
sequentially subdivide and mix material flowing
through the pipe. The utilization of subject
process upstream of the static mixer permits a
reduction in the number of baffles (or mixing
elements) in the static mixer.

It is advantageous that the apparatus,
which can be used to carry out the process of this
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invention is low in capital cost, low in maintenance
expense, and requires minimum modifications to
existing plant equipment. 1In addition to these
advantages, the process itself is one in which
medium consistency pulp can be profitably treated
(1) with oxygen prior to the first alkaline bleach
stage or (ii) with other bleach chemicals such as
chlorine dioxide, hypochlorite, or hydrogen peroxide
in aqueous solutions, both resulting in a reduction
in the overall cost of bleach chemicals.

A preferred apparatus utilizes a series of
relatively small diameter perforated or porous pipes
within a relatively larger diameter pipe. The
larger diameter pipe is referred to as the confined
zone. The pipes are made of conventional materials
such as stainless steel. 1In a typical pulp
bleaching system employing oxygen in an oxidative
extraction, the large pipe is placed between the
thick stock pump and the first alkaline extraction
tower. The main stream of pulp or pulp mass flowing
through the large plipe comprises a mixture of about
10 to about 15 parts by weight pulp solids with, the
balance, a solution of water and alkali, usually
dilute. This is considered a medium consistency
pulp. A plurality of uniform continuous or
discontinuous streams of oxygen flow in a downstream
direction from the perforations or pores of the
small diameter pipes. The flow rate of the pulp
mass stream is about 150 to about 1000 metric tons
of pulp solids per day. The flow rate of the oxygen
is about 800 standard cubic feet per hour (scfh) to
about 5500 scfh.
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The small pipes are considered to be
arranged in sets and there are several of these sets
in the large pipe. Spacing between the small pipes
in a set and between the sets themselves is balanced
so that bridging is avoided without sacrificing
uniformity of dispersion. 'The diameter and
placement of the small pipes are also a factor
affecting bridging. Bridging is caused by, for
example, the accumulation of a highly viscous
fibrous material in the path of flow, eventually
blocking it. It is of especial concern with medium
consistency pulp because the pulp begins to lose
water as the bridge forms causing the bridging pulp
to become increasingly more rigid. The rate at
which the bridge forms and the amount of bridge
formation are a function of the nature of the
fibrous mass such as fiber length, the kind of
fiber, prior treatment of the fiber, and the
lubricating properties of the first fluid.

The small pipes in each set are about
equally spaced from one another and about 1 to about
10 inches apart, preferably about 3 to about 5
inches apart. The sets of pipes are spaced apart
from one another by about 1 to about 12 inches,
preferably about 3 to about 6 inches. It is also
preferred that the pipes in each set are in a
staggered relationship to the pipes in the other
sets. 1In this case, if one were to take an
upstream/ downstream cross-section through one of
the small pipes in a three set system, there would
only be one pipe in the cross-section.
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There are about 2 to about 6 sets provided
in the confined zone and preferably about 3 to about
5 sets and there are about 3 to about 8 small pipes
per set, about 2 to about 6 small pipes per set
being preferred.

Referring to the Drawing

In Figures 1 and 2, pipe 21 encloses the
confined zone. It is supported by flanges 22 and
23. Various braces and welds(not shown) also
provide support for the structure. Annular chamber'
24 is formed by ring 25 and closure rings 26. 1t
has an inlet pipe 27 and an outlet valve 28. Small
pipes 1, 4, 7. 10, 13, and 16 represent the first
set of small pipes; small pipes 2, 5, 8, 11, and 14
represent the second set;and small pipes 3, 6, 9.
12, and 15, the third set. Hypothetical axis 29 of
rPipe 21 runs from the upstream end to the downstream
end. Small pipes 1, 2, and 3 as well as the other

small pipes are perpendicular to hypothetical axis
29. The small pipes may also be inclined insofar as
hypothetical axis 29 is concerned, the angle of
inclination lying in the range of about 20° to about
90°. It is preferred that the angle be the same for
all small pipes. Further, each set lies in its own
plane and each plane bears a spaced relationship to
each other plane. While a plane is ususally
described as two dimensional, i.e., without height
or depth, in this context it is considered to have a
height or depth equal to the diameter of the zones
or pipes of the set which lie in the plane. The
plane bears the same angle of inclination as the
pipes in the set, which lies in that plane. Both
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ends of each small pipe are open. These ends are
referred to as inlet ports 30.

Figure 3 is an enlargement of one of the
small pipes 2 through 15 showing outlet ports 31 in
a staggered array. The small pipe has a
hypothetical axis 32 which, of course, would be
perpendicular to hypothetical axis 29 if shown in
Figure 2.

Figure 4 is an enlargement of a section of
the small pipe shown in Figure 3.

Figure 5 is & cross-section of the small
pipes shown in Figures 3 and 4. Axes 33 of outlet
ports 31 are at a ninety degree angle to each other,
and perpendicular to hypothetical axis 32.

The angle is more particularly defined as
follows: the central axis of each outlet port is at
an angle of about 0° to about 90°, and preferably
about 45°, from a hypothetical line 34 running
downstream froﬁ the point at which the central axis
of the outlet port meets the central axis of the
small pipe, said hypothetical line being
perpendicular to the central axis of the small pipe,
parallel to the central axis of the confined zone,
and lying in the same plane as the central axis of
the outlet port.

The following example illustrates the
invention:

Example

Subject process is carried out in the
apparatus described above. The apparatus is located
in a softwood, kraft pulp bleach plant using a
conventional bleaching process. The normal flow
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rate through the apparatus is 350 metric tons per
day of pulp solids (or pulp mass on an air dried
basis). Pulp mass from the washer following the
chlorine stage is made alkaline and is heated prior
to being pumped into the bottom of a standard upflow
alkaline extraction reaction tower. The initial
pulp mass is a mixture of 11 percent pulp solids and
89 percent water. The apparatus is inserted into a
24 inch diameter pipe line, which carries the pulp
mass into the bottom of the upflow tower. Pipe 21
is 23.25 inches in inner diameter and is 18 inches
long. There are sixteen small pipes, placed as
shown in the drawing, equidistant from adjacent
pipes. There are three sets of small pipes, the
sets being spaced four inches apart. The small
pipes are 0.30 inch in inner diameter and 0.54 inch
in outer diameter. They are Schedule 80 pipes made
of AISI 304 stainless steel. Small pipes 1 and 16
have one row of outlet ports 31 and small pipes 2
through 15 have two rows of outlet ports 31. Each
row of outlet ports 31 is centered on its small
pipe, e.g. where the small pipe is 10.5 inches long,
the row is only about 6.5 inches long and two inches
at either end of the pipe have no outlet ports. The
lengths of each, i.e., pipe and row, are as follows:
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length of approximate
small pipe length of row
small pipe no. (inches) _(inches)
1 and 16 10.5 6.5
2 and 15 15.5 11.0
3 and 14 19.0 15.0
4 and 13 21.0 18.0
5 and 12 23.0 20.0
6 and 11 24.0 21.0
7 and 10 25.0 22.0
8 and 9 25.0 22.0

Outlet ports 31 have inner diameters of 0.025 inch
and are three inches apart from adjacent outlet
ports 31 in the same row. Thus, if all of the
outlet ports 31 in each of small pipes 2 to 15 were
in the same row, they would be 1.5 inches apart.
The axes of outlet ports 31 are at the angles shown
in Figure 5, the axes of outlet ports 31 in small
pipes 1 and 16 being directed to the interior of
pipe 21. The number of streams per square foot of
cross-section is 64.

Oxygen at a pressure of about 120 psig is
introduced through inlet pipe 27 (one inch internal
diameter, Schedule 40) into annular chamber 24. It
then passes into the small pipes through inlet ports
30 and out through outlet ports 31 into pipe 21
(wall 0.375 inch thick). The amount of oxygen
introduced is 4 kilograms per metric ton of pulp
solids.

It is found that the quantity of bleach
chemicals required to achieve the plant's target
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brightness of 90 Elephro is substantially reduced,
e.g., a reduction of 18 percent in chlorine dioxide
and of 8 percent in chlorine is found.
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Claims

1. A process for dispersing a first fluid
in a second fluid having a relatively higher
viscosity comprising the following steps:

(a) providing a confined zone having
an opening at its upstream end, an opening at its
downstream end, and a hypothetical central axis
running from its upstream end to its downstream end;

(b) introducing the second fluid into
the confined zone at the opening in its upstream end
in such a manner that the second fluid passes from
the opening in the upstream end through the opening
in the downstream end;

(c) dividing the first fluid into a
plurality of streams and introducing the streams
into the second fluid co-currently therewith whereby:

(i) the number of streams is in
the range of about 25 streams per square
foot of a cross-section of the confined
zone to about 1000 streams per square foot
of the cross-section;

(ii) the cross-section is
perpendicular to the axis; and

(iii) the streams are about

equidistant from one another, the distance

between the streams being about 0.375 to
gbout 2.5 inches.

2. The process defined in claim 1 wherein
the number of streams 1s in the range of about 50 to
about 600 per square foot of cross-section.
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3. The process defined in claim 2 wherein
the distance between the streams is about 0.5 to
about 1.7 inches.

4, The process defined in claim 1 wherein
the second fluid is a pulp mass comprising a mixture
of about 10 to about 15 percent by weight pulp
solids and, the balance, an alkaline solution.

5. The process defined in claim 4 wherein
the first fluld is oxygen, said oxygen being
introduced into the pulp mass in an amount of about
2.5 to gbout 7.5 kilograms of oxygen per metric ton
of pulp solids.

6. The process defined in claim 1 wherein
the first fluid/second fluid dispersion is mixed
downstream of the confined zone.

7. The process defined in claim 6 wherein
the mixing is performed with a static mixer.
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