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ABSTRACT OF THE DISCLOSURE

A fluid such as steam is injected into the underside of
a fourdrinier wire to remix a mat of fibers thereon and
the liquid suspension overlying the mat. The injection is
performed by a series of nozzles with water removal de-
vices therebetween to partially remove the liquid up-
stream of the liquid dry line.

The present invention is directed to a method and ap-
paratus for effecting the drainage of liquid from a liquid-
fiber suspension and more particularly, to a method and
apparatus for improving drainage on the fourdrinier wire
of a papermaking machine.

In the conventional fourdrinier papermaking process,
a suspension of liquid and fibers, generally referred to as
stock, is deposited on an endless foraminous belt which
is supported by rollers and the like to provide a substan-
tially planar forming surface. One or more driven rollers
are generally used to cause the wire to move contin-
uously downstream from the area of stock deposition, or
wet end, toward the downstream end of the planar sur-
face, or dry end. As the deposited suspension of liquid
and fibers moves downstream on the foraminous belt, a
portion of the liquid of suspension drains through the
forming surface leaving a layer of loosely felted fibers
matted thereon, which is thereafter pressed and heated
to provide a self supporting web. As is well known to
those skilled in the art, drainage of the stock, as it moves
downstream on the foraminous surface, is usually assisted
by the use of suction boxes, table rolls, foils and the like.

It will be apparent, however, that as the liquid of sus-
pension filters through the forming surface, the layer of
fibers retained will tend to inhibit further drainage. Thus,
while the initial rate of drainage through the foraminous
surface is relatively high, the drainage rate rapidly de-
creases as the stock moves toward the dry end of the
fourdrinier. Additionally, in the conventional papermak-
ing process, there is a tendency for the fibers of the sus-
pension to flocculate, and for the resulting flocs and fines
to become unevenly distributed throughout the thickness
of the resulting web.

These disadvantages of the conventional fourdrinier
process have been the object of close scrutiny by the paper
industry for many years and as a result, a number of
remedies have been suggested. High vacuum suction
boxes, for example, are often used toward the dry end
of the forming surface in order to compensate for the
increased drainage resistance encountered in that area.
Additionally, grooved table rolls and variously configured
foils have been proposed to modify the drainage rate
through the wire and provide a more uniform mat of
fibers.

With all of these prior art methods and apparatus, how-
ever, the problem of negating the effect of the fiber mat
on drainage and formation is still unsolved. Furthermore,
devices of this type are not readily adjustable and hence,
do not provide the degree of flexibility needed in manu-
facturing webs of different grades of various speeds.

It is an object of the present invention, therefore, to
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provide a method and apparatus for increasing the rate
of drainage on a fourdrinier machine and improving the
formation of the resulting paper web. This is accomplished
by the injection of a liquid, such as water, white water
or the like, or a readily condensible vapor such as steam,
through the foraminous screen into the partially drained
and matted layer of fibers adjacent the wire to cause a
remixing of the fiber layer and the layer of stock over-
lying this fiber layer. By thus injecting liquid or steam
under pressure through the wire at spaced locations in
the machine direction, the retarding effect of the fiber
mat on drainage rate is overcome and flocculation and
uneven distribution of the fibers is substantially reduced.
Thus, as the liquid-fiber suspension moves downstream
on the fourdrinier wire it is alternately subjected to drain-
age, remixing, and drainage; whereby the high drainage
rates which are ordinarily experienced only adjacent the
upstream end of the wire are attained throughout a major
portion of the length of the drainage area. Additionally,
it will be apparent that by using liquid or steam jets to
remix the fibers and layer of stock overlying the fibers,
an apparatus of convenient and infinite adjustment is
provided; whereby the method and apparatus of the pres-
ent invention are adaptable to a wide variety of paper
grades and machine speeds.

These and other objects and advantages of the present
invention will become more readily apparent from the
following detailed description wherein;

FIGURE 1 is a somewhat schematic showing of a con-
ventional fourdrinier papermaking machine modified in
accordance with the principles of the present invention;

FIGURE 2 is a sectional view taken on line 2—2 of
FIGURE 1 with portions removed for clarity;

FIGURE 3 is a sectional view taken on line 3—3 of
FIGURE 2;

FIGURE 4 is a somewhat diagrammatic showing of
the alternating drainage and remixing steps as they occur
along the length of the fourdrinier wire;

FIGURE 5 is a cross-sectional, elevational view show-
ing one preferred embodiment of the invention;

FIGURE 6 is a second cross-sectional, elevational view
showing a second preferred embodiment of the invention;

FIGURE 7 is a view similar to FIGURE 5 showing a
third embodiment of the invention;

FIGURE 8 is a cross-sectional, elevational view of an-
other embodiment of the invention; and

FIGURE 9 is a view taken on line 9—9 of FIGURE 8.

Turning to FIGURE 1 of the drawings, there is therein
shown a fourdrinier paper machine comprising an end-
less foraminous belt 1 trained over a breast roll 2, a couch
roll 3, several table rolls 4, suction boxes 5 and foils 6.
A headbox or the like 7 is provided to deposit a suspen-
sion of fibers and liquid on the wire 1; the liquid from
the suspension draining through the foraminous surface
of the wire as the suspension is conveyed downstream to-
wards the couch roll 3. Located upstream of the dry line
of the machine is apparatus according to one embodiment
of the present invention. As is well known to those skilled
in the art, the dry line is a point along the wire, upstream
of which, free liquid is visible above the surface of the
partiaVv drained and matted fibers on the wire.

As seen in FIGURES 1-3, the apparatus of the present
invention may comprise a plurality of suction boxes 8
having apertured cover plates and separated by pressur-
ized nozzles 9. The suction boxes are provided with drain
means leading into a tray 10 wherein the liquid level is
maintained above the outlet ends of the drain means to
provide a seal in the suction boxes. Each of the nozzles
9 may be supplied with liquid or steam under pressure
by a pump 11’, feeding a manifold 11 suitably tapered to
provide relatively constant pressure to each of the noz-
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zle chambers 9. Additionally, bottom wall 94 of nozzles
9 may be slanted upwardly toward wire 1 to provide a
cross-sectional area that diminishes from a largest dimen-
sion adjacent manifold 11 to a smallest dimension adja-
cent its opposite end; thereby providing a substantially
constant pressure along the length of each of the nozzles.
If desired, adjustable valves may also be placed in the
pipes 12 interconnecting the nozzles 9 and the manifold
11 in order to provide independent control of the pres-
sure and velocity of the liquid or steam issuing from each
of the nozzles 9.

Turning now to FIGURE 4 of the drawings, the op-
eration of the apparatus just described in accordance with
the principles of the present invention will now be ex-
plained. In FIGURE 4, the horizontal axis represents the
distance the stock travels as it moves downstream in the
direction of the arrow and the vertical axis represents the
total height of liquid and fibers on the wire.

It will be seen that as the stock moves downstream
on the wire from the point of initial stock deposition and
through the drainage zone D;, the total height of the
material on the wire, indicated by the line 13, decreases
as the liquid of suspension drains through the wire. Since
this drainage causes a corresponding increase in the
amount of fibers filtered out at the forming surface, the
height of the fiber mat F increases, as indicated by the
line 14.

As the stock passes from drainage zone D,, to mixing
zone M, drainage of the stock is discontinued and the
height of the mat F and the total height of the material
on the wire remains fairly constant. As the mixing zone
M; is traversed however, jets of liquid, such as water,
white water, or the like, or a readily condensible vapor,
such as steam, are directed through the wire against the
lower surface of the fiber mat F. This causes a progres-
sive eroding of the fiber mat until, adjacent the down-
stream end of zone M,, the fiber mat is substantially de-
stroyed and the fibers thereof remixed with the liquid and
fibers immediately thereabove. Because some liquid is
added to the material on the wire in the process of erod-
ing the mat and remixing the liquid and fibers, either
through the direct injection of liquid or through the con-
densation of the injected steam, there will be a slight in-
crease in the total height of the material on the wire, as
indicated at 15 in FIGURE 4. While this results in addi-
tional liquid to be drained from the stock, it will be seen
that by controlling the velocity and volume of liquid or
steam directed against the mat, the amount of liquid
added in zone M,, indicated as h,, is maintained sub-
stantially less than the amount of liquid removed in zone
Dy, reference hg.

Most importantly, however, it will be noted that as the
remixed stock moves once again into a drainage zone,
such as zone D,, the condition of the stock, and hence,
its rate of drainage, approaches that found adjacent the
upstream end of zone D;. Therefore, as the stock moves
through zone D, there will once again be a rapid de-
crease in the total height of the material on the wire and
a rapid increase in the thickness of the fiber mat F. Since
the consistency of the suspension resulting from the re-
mixing the fiber layer and the layer of stock overlying
the fiber layer is somewhat greater than the consistency
of the stock at the upstream end of zone Dj, the rate of
buildup of the mat F will be somewhat greater, and, other
conditions being equal, the total thickness of the mat will
be greater, at the downstream end of zone D, than at
the corresponding position in zone D,. Additionally, since
the total height of the material on the wire is substantially
less at the upstream end of zone D, than at the upstream
end of zone D, and the rate of drainage in zone D, ap-
proaches that in D,, the total height of the material on
the wire at the downstream end of zone D, will be sub-
stantially less than the corresponding height in zone Dy.

As the partially drained stock moves from zone D, to
zone My, the same sequence of events occurs as described
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4
for zones D; and M; above. Again, as the stock passes
over another mixing nozzle, the liquid-fiber suspension
and the fiber mat F underlying it are substantially re-
mixed and ready to pass into the next drainage zone Ds.
It will be noted that once again the amount of liquid
added to the stock in the mixing zone M, is substantially
less than the amount of liquid which drains from the
stock in the preceding drainage zone D,. In zone Dj
additional liquid is drained from the stock and the height
of the fiber mat F may again be increased above the
height of the mat in the previous drainage zone.

It will be seen that by alternately subjecting the stock
to drainage and remixing, the height of the fiber mat
eventually approaches the height of the free liquid sur-
face. Depending upon a number of variables, such as the
original consistency of the stock, its freeness, the speed of
the process, etc., the number of alternating drainage and
remixing zones can be calculated for any particular ma-
chine or grade being run thereon. It should also be noted
that whereas conventional suction boxes are generally on
the order of 1 to 2 ft. in width, it has been found that for
best results the width of the suction boxes operated in ac-
cordance with the present invention should be on the
order of 1 to 9 inches in width, with an optimum range
of 1 to 3 inches, and spaced apart a distance sufficient to
accommodate the width of the remixing nozzle.

From the above discussion and a consideration of FIG-
URE 4, it will be apparent that the overall formation of
a web formed by the above described process will also
be greatly improved over those formed by conventional
methods. Thus, the remixing and redispersion of fibers
within the liquid of suspension in each of the mixing
zones insures that the fibers are uniformly dispersed
throughout the suspension with a minimum of floccula-
tion and segregation of fines. Additionally, it has been
found that, despite the addition of liquid in each of the
mixing zones, the overall drainage rate through the wire
is substantially increased and allows a shorter drainage
section on the machine. In fact, analysis of the system in-
dicates that an increase in drainage rate on the order
of 73% may be expected over a system which does not
use mixing nozzles. This is, of course, because the fiber
mat F, which in conventional processes lies next to the
wire and retards the drainage of liquid through the wire,
is substantially destroyed in each of the mixing zones,
allowing the stock to drain in the succeeding drainage
zone at a rate approaching that immediately adjacent the
wet end.

It should also be noted that the material injected
through the wire should be either a liquid or a vapor
which readily condenses to a liquid form, such as steam.
Thus, although if a relatively condensible gas, such
as air, were used for remixing the stock there would be
no increase in the amount of liquid on the wire, the use
of air or the like would result in the formation of voids
in both the fiber mat and the stock; which would not only
deleteriously effect uniform web formation but would
also retard the drainage rate of the stock.

Turning now to FIGURE 5 of the drawings, a second
preferred embodiment of the invention is shown, As seen
in FIGURE 5, a suction box 8’, provided with an aper-
tured cover 16, a vacuum line 18, and a relief line 19,
is proceeded by an injection nozzle 9’ having an apertured,
adjustable cover 17.

If desired, means may be provided for adjusting the
size of the opening in the cover 17. This provision, in
conjunction with means, such as valves in the feed
lines, will permit the volume and velocity of the liquid
or steam issuing from the nozzle 9’ to be independently
controlled. Of particular interest in the embodiment of
FIGURE 5, is the fact that the remixing nozzle 9’ has a
curved upper surface disposed above the level of the
upper surface of the suction box 8’. This causes the
fourdrinier wire to traverse a curved path, inducing free
surface turbulence in the stock. This free surface mixing,
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together with the remixing created by the nozzle 9', helps
control flocculation and fines distribution in the formed
web.

Turning to FIGURE 6 of the drawings, a third embodi-
ment of the invention is shown. In this embodiment of
the invention, the suction box is replaced with a foil 20,
having a trailing surface diverging with respect to the
wire 1. As is well known in the art, this divergence be-
tween the foil surface and the wire creates a negative
pressure area which promotes drainage through the wire.
In order to enhance the drainage rate at each- of the foils,
a remixing nozzle 10 is provided just prior to the leading
edge of each of the foils 20. As seen in FIGURE 6, the
cross-sectional area of the nozzle may be tapered through-
out its length to insure uniform pressure and velocity.

A further embodiment of the invention .is shown in
FIGURE 7. In this embodiment, a conventional table roil
is used in combination with a remixing nozzle 10. The
rotation of the table roll 21 causes an area.of negative
pressure on the downstream side of the nip.between the
wire and the roll. To assist'in the drainage .through the
wire, the nozzle 10, of tapered cross-sectional.area, is pro-
vided to cause a redispersion of the fibers within the
stock; thereby increasing the drainage rate in the down-
stream nip of the table roll. .

In FIGURES 8 and 9 of the drawings, :apparatus em-
bodying the principles of the present invention is shown
which is adapted to be manufactured in units for installa-
tion beneath the forming surface of a fourdrinier machine,
Each unit 22 may comprise a pair of major side walls 23,
a bottom wall 24 and end walls 25. A wall 26 extends in
spaced, parallel relationship to one wall 23 and forms
therewith a nozzle chamber 27 having a sloping bottom
wall 28. A second nozzle chamber 29 is also defined with-
in the confines of the unit 22 by the side walls 30 and
sloping bottom wall 31. Each nozzle may be supplied with
liquid or steam under pressure by means of a conduit or
the like 32 and each unit is provided with vacuum and
relief lines 33 and 34, respectively. :

In operation, a unit 22, or preferably, a series of such
units, are positioned beneath the forming surface of the
papermaking machine with the nozzle chamber 27 posi-
tioned upstream of nozzle chamber 29. As the partially
drained stock passes over each nozzle, the stock is re-
mixed in preparation for the succeeding suction cham-
ber. As noted in connection with FIGURE 4, this alter-
nate drainage and remixing results in both increased
drainage rates and improved paper formation.

While the unit 22 is shown as having two remixing
zones and two suction zones, it will be apparent that a
unit can be constructed with any number of zones. Addi-
tionally, although the unit is illustrated as having a bottom
wall 24, it will be apparent that this wall may be dis-
pensed with and a liquid seal provided in the manner of
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FIGURE 1; one liquid tray, as at 10, serving several
units 22,

While several embodiments of the present invention
have been described it will be seen that each has the
common function of alternately draining and remixing
the stock as it moves downstream on the forming surface,

We claim:

1. In web forming apparatus including an endless fo-
raminous belt trained about a series of supporting mem-
bers to provide a substantially planar forming surface
having an upstream end and a downstream end, means
for depositing a dilute suspension of liquid and fibers on
said planar surface adjacent the upstream end thereof,
whereby a portion of the said suspension tends to drain
through said forming surface leaving a loosely felted
layer of matted fibers on said forming surface and a layer
of said suspension overlying said layer of fibers, and
means positioned upstream of the dry line of said form-
ing surface for applying fluid pressure to said liquid and
fibers, the improvement comprising:

(a) a plurality of suction boxes extending transversely
of said belt on the side thereof opposite said form-
ing surface,

(b) a plurality of remixing nozzles extending trans-
versely of said belt on the side thereof opposite said
forming surface with each nozzle positioned ad-
jacent to and upstream of a suction box,

(c) the upper surface of each of said nozzles being
positioned above the upper surface of said suction
boxes, and

(d) means for delivering fluid under pressure to said
nozzles.

2. The apparatus of claim 1 wherein:

(a) each of said suction boxes is one to nine inches in
length measured longitudinally of said belt.

3. The apparatus of claim 2 wherein:

(a) each of said suction boxes is one to three inches
in length measured longitudinally of said belt.
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