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@ System for forming dry laid webs.

A method and apparatus for forming an air-laid web {60)
of dry fibres suitable for use in a wide variety of products
ranging from bath and facial tissues having basis weights on
the order of 13 Ibs./2880 ft.? to 18ibs./2880 ft.? to products
having basis weights on the order of 19 ibs./2880 ft.% to 40
Ibs./2880 ft.2, or even heavier, on a high-speed production
basis, yet wherein the web produced, irrespective of basis
weight, is characterised by random array of individualised
fibres substantially undamaged by mechanical action and
having a controlled cross-directional profile, and by its free-
dom from nits, pills, rice and the like, thereby improving both
the appearance and the tensile strength of the web. The

< apparatus includes s 2-dimensional flow control and fibre

screening system and a forming chamber (79) wherein a)

< substantially no cross-flow forces are created at the fibre

feeding, screening and forming stages so asto ensure that the
cross-directional profile of the web produced is controlied
within desired limits and permitting formation of high-quality
webs of virtually any desired width; b) the fibres are subjected
to only minimal mechanical disintegrating action at all stages

© of the process subsequent to hammermilling, and, thus, shor-

tening, curling and/or rolling of the fibres into pills, rice, or
© nits is minimized and, to the fullest extent possibie, elimi-
nated. Those pills, rice, nits and/or aggregated fibre masses
Q. present in the fibre stream fed to and/or through the flow

{1

control and fibre screening system are preferabiy centrifug-
ally and tangentiaily separated from individualised fibres and
soft fibre flocs across the full width of the apparatus.

o

Croydon Printing Company Ltd.
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The present invention relates to a method and
apparatus for forming non-woven fabrics and to the products
produced thereby suitablé for bath tissue or the like to heavier
webs suitable for facial tissues, components for feminine napkins,
diaper fillers, toweling, wipes, non-woven fabrics, saturating
paper, paper webs, paperboard, et cetera.

Conventionally, materials suitable for use as disposable
tissue and towel products have been formed on paper-making
equipment by water-laying a wood pulp fibroﬁs.sheet. Following
formation of the sheet, the water is removed either by drying or
by a combination of pressing and drying. As water is removed
during formation, surface tension forces of very great magnitude
develop which press the fibers into contact with one another
resulting in overall hydrogen bonding at substantially all fiber
intersections; and a thin, essentially planar sheet is formed.

It is the hydrogen bonds between fibers which provide sheet
strength and, such bonds are produced even in the absence of
extensive additional pressing. Due to this overall boﬁding

phenomenon, cellulosic sheets prepared by water-laid methods

~inherently possess very unfavorable tactile properties (e.g.,

harshness, stiffness, low bulk, and poor overall softness) and,
additionally, possess poor absorbency characteristics rendering
such sheets generally unsuitable for use as sanitary wipes, bath

and facial tissues, and toweling.
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To improve these unfavorable properties, water-laid sheets
are typically creped from the dryer roll with a doctor blade.

Creping reforms the flat sheet into a corrugated-like structure,

thereby increasing its bulk and simultaneously breaking a signif'

cant portion of the fiber bonds, thus artifically imﬁroving the
tactile .and absorbency properties of the material. But creping
raises several problems. Conventional creping is only effective
on low basis weight webs (e.g., webs having basis weights less

than about lS-lbsh/288O ft.z), and higher basis weight webs,

after creping, remain quite stiff and are generally unsatisfacto .

for uses such as quality-facial tissues.

As will be apparent from the foregoing discussion, conven-

tional paper-making methods have extreme water requirements

which l1imit the locations where paper-making operations may be

carried out. Such operations require removing a large quantity

of the water used as the carrier, and the used process water can !

create an associated water pollution problem. Still further,
the essential drying procedures consume tremendous amounts of

”

energy. .

Air ﬁprming 6f wood pulp fibrous webs has been carried out
for ‘many years; however, the resulting webs have been used for
applications where either little strength is required, such as

for absorbent products--i.e., pads--or applications where a

certain minimum strength is required but the tactile and absor-

bency properties are unimportant--i.e., various specialty papers
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In the late 1940's and early 1950's, a system was proposed
employing rotor blades mounted within a cylindrical fiber
"disintegrating and dispersing chamber" wherein air-suspended
fibers were fed to the chamber and discharged from the
chamber through a screen on to a forming wire. However,
serious problems with these types of forming systems were
encountered as a result of disintegration of the fibers by
meéhanical co-action of the rotor blades with the chamber
wall and/or the screen mounted therein which caused fibers
to be '"rolled and formed into balls or rice which resist
separation'" - a phenomenon more commonly referred to today
as "pilling". Furthermore, fiber damage was encountered due
to the disintegrating action of the rotor in the-
cylindrical chamber.

A second type of system for forming air-laid webs of
dry cellulosic fibers which has found limited commercial use
has been developed. In general, this system employs a
fiber sifting chamber or head having a planar sifting
screen which is mounted over a forming wire. Fibers are
fed into the sifting chamber where they are mechanically
agitated by means of a plurality of mechanically driven

rotors mounted for rotation about vertical axes.

" Each rotor has an array of symmetrical blades

which rotate in close proximity to the surface of the
sifting screen. The system generally employs two, three

or more side-by-side rotors mounted in suitable forming

head.
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This type of sifting equipment suffers from poor
productivity and other inherent disadvantages,.especially
when making tissue-weight webs. For example, the rotor
action concentrates most of the incoming material at the
periphery of the blades where the velocity is at a maximum.
Most of the sifting action is believed to take place in
these peripheral zones, while othef regions of the sifting
screen are either covered with more slowly moving material
or are bare. Thus, a large percentage of the sifting
screen area is poorly utilised and the system productivity

is low. Moreover, fibres and agglomerates tend to remain

in the forming head forA;xtended periods of time, especially
in the lower velocity, inner regions beneath the rotor blades.
This accentuates the tendency of fibres to roll up into
pills. Conséquently, if the forming head is to be cleared
of agglomerated material, it is necessary to remove 10% or
more by weight of the incoming material from the forming
head for subsequent reprocessing or for use. in less critical
end products. The separating method used entrains a large
number of good fibres with the agglomerates leaving the
forming head. The severe mechanical action of the

hammermills in the secondary processing system damages and

shortens such otherwise good fibres, while breaking up the

agglomerates. Another inherent shortcoming of these
systems is a tendency to form webs having a non-uniform weight
profile across their width. This is a condition which is

very difficult to overcome. It is especially troublesome

vt et ewrmye e rize o e
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when making webs in the towelling and lightweight tissue
ranges.

We have found that, when using high quality fibres -
i.e., long, straight fibres, in a sifting type system -
the above difficulties were aggravated. The rate of pill
formation increased and it was necessary to remove and
recycle more than 50% by weight of the incoming fibrous
matexial to produce good quality tissue-weight webs.
Productivity was unacceptably low and excessive damage
was done to otherwise good fibres during the secondary
hammermilling step. The tensile streﬁgth of the webs
produced was decreased. Moreover, the circular movement
of the rotors above the screen causes corresponding air
and fibre movement in the forming region below the screen.
Strong, unstable cross-flow forces are present and
contribute to non-uniform formation of the web. Efforts
to compensate for the low throﬁghput of sifting type
systems involve'increésing the area of the screens and
the forming surface. Thus, fibre is more thinly
distributed over the forming surface and is not held in
place as firmly by the suction box. The fibres are easily
disturbed at higher speeds and wave patterns are formed in
the resulting sheet. Fibres are also disturbed by the seal—

rollers which are reguired to maintain the forming region
at sub-atmospheric pressure. The difficulties described
above compound each other and are especially troublesome

when forming lightweight webs at acceptable production speeds.
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In an effort to overcome the productivity problem, complex
production systems have been devised utilising multiple
forming heads - for example, ﬁp Eg eight separate spaced
forming heads associated with multiple hammermills and each
employing two or three side—fy—side rotors. The most recent
sifting type systems employing on the order of eighteen,
twenty or more rotors per forming head, still require up
to three separate forming heads in order to operate at
satisfactory production speeds - that is, the systems employ
up to fifty-four to sixty, or more, separate rotors with all
of the attendant complex drive systems,; feed arrangements,
recycling equipment and hammermill equipment.

Moreover, it has been found that the foregoing sifting
systems are also deficient in that theie is only limited
control of cross-directional uniforﬁity of the web being
produced thereby imposing severe constraints when attempting
to scale the.equipment,up to m;ke webs-of §6 inches, 120
inches, 200 inches, or more, in width. The tensile proper-
ties of the web may suffer as a result of excessive
mechanical action in the forming heads and non-uniformities
in web weight and formation. The aesthetic appearance of

the webs is often less than optimum as a result of wave

. patterns on the web surface resulting from the closely spaced

rotor blades which are rotating in a horziontal plane just
above the forming wire and the other factors described above.
To date, the foregoing problems have been so significant

that this type of sifting system has been found
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totally unsuitable for making relatively lightweight

webs at acceptable production

/

/
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speeds--e.g., web; ha&Zﬁg basis weights of from 13 1lbs./2880

2 suitable for use as bath or facial

fr.2 to 18 1bs./2880 fr.
tissues--although such equipment can produce low basis weight
webs at low forming wire gpeeds. Rather, the equipment has
generally foundrapplication in forming heavier basis weight webs
suitable for use in making towels or paperboard where the web

imperfections inherently produced can be either tolerated or

masked because of the bu}k and thickness of the web.

During the 1970's we have proposed yet another approach

to the formation of air-laid dry fiber webs. Our development

has been found to resolve a number of the problems that have
heretofore plagued the industry. For example, high productivit;%
rates have been achieved and fiber webs can easily be formed |
at high machine speeds. However, the system requires preparatior
of pre-formed rolls of fibers having high cross-directional
uniformity and is not suitable for use with bulk or baled
fibrous materials. Because of this, problems are experienced
when attempting to scale the equipment up to produce wide
webs - i.e., webs on the order of 120 inches in width or

greater - and the requirement for pre-formed special web

rolls having the requisite uniformity in cross-directional
profile has been such that, to date, the system has found

only limited commercial application.
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Indeed, heretofore it has not been believed that air-
ﬁ forming techniques can be advantageously used in high speed
production operations to prepare cellulosic sheet material

that is sufficiently thin, and yet has adequate strength,

N

5 together with softness and absorbency, to serve in

applications such as bath tissues, facial tissues and

20 et oma s

light weight toweling.
A method of forming an air-laid web of dry fibers in

accordance with the present invention comprises a) conveying

R} ’
ot . . L
PO I L S

10 individual fibers andrsoft fiber flocs in a high volume air
stream through a flow control and screening system wherein
provision is made for substantially eliminating cross-flow
and eddy'current forces so as to maintain cross-directional
control of the mass quantum of fibers being conveyed and

15 wherein the fibrous materials are subjected to only minimal
mechanical action so as to minimize the formation of undesired
pills and nits; b) separating individual fibers and soft
fiber flocs from undesired pulp lumps, pills, rice, nits and
other undesired aggregated fiber masses with the individualized

20 fibers and soft fiber flocs being permitted to pass through a
separator screen into a forming zone while the undesired

I aggregated fiber masses are withdrawn from the air stream

i for sécondary hammer milling operations and/or scrap or usageiin

inferior products; and, c¢) air-laying the dry individual fibers

« 25 and soft fiber flocs on a relatively moving forming surface in
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a largely random pattern while maintaining cross-directional

control of the mass quantum of fibers being air-laid across

the full-width of the forming zone. i
The invention will now be further described by way of

example with reference to the accompanying drawings, in which:-
Figure 1 is a schematié side elevation of one form of .

apparatus which may be employed for the air deposition

of dry fibers to form a web continuum in accordance with

the present invention:

Figure 2 is a schematic side elevational view of a

conventional prior art fiber sifting system utilized in the

- commercial manufacture of dry formed webs, generally of the

type having.basis weights on the order of 24 1bs./2880 ft.z
or higher;. |

Figure 3 is an oblique view, partially cut away,
séhematically illustréting details of an exemplary novel
fiber feed, educator, flow control, screening, and fiber
forming arrangement in accordance with the invention;

Figure 4 is a diagrammatic plan view indicating in an
idealised fashioﬂ, fiber movemeﬁt through a conventional
woven square-mesh screen under the influence of air
movement and rotor action;

Figure 5 is a view similar to Figure—4,-but depicting
movement of fibers through a high capacity slotted screen in

which the slots are oriented parallel to the axis of the rotor;
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FIGURE 6 is an enlarged, fragmentary side elevation

depicting in diagramatic form the air/fiber stream as it
moves through the rotor housing where an annular moving aerated
bed of fibers is created and maintéined and, thereafter, as it
moves through the screening means and forming zone;

FIGURE 7 is a highly enlarged view of a portion of the
system shown diagramatically in FIGURE 6, depicting how the
differential relative velocities of the rotor bars and air
stream serve to generate a rapidly moving full-width zone of
negative pressure in the wake of each rotor bar; .

FIGURE 8 is a graphic representation of a typical set of
curves indicative of the functional relationships existing with
air-laid web forming systems embodying features of the present
invention between fiber throughput for specific representative
screen designs and rotor assembly operating parameters--viz.,
rotor RPM and the number of rotor bars employed;

FIGURE 9 is a graphic representation of the functional

relationships existing betw<een nit levels in a finished air-laid

web made in accordance with the present invention, fiber throughput,

and the precentage of fibrous materials separated and/or recycled

prior to deposition on a moving forming wire;

FIGUREWiO is a graphic representation depicting the relation-

ship between fiber delivery rates expressed as fiber throughout
in pounds per gggg;gmiggbrberfhour (lbs./in.z/hr.) and both
woven square-mesh screens and slotted screens having screen
openings ranging from about 0.03" in at least one direction to
about 0.08" in at least one direction when using both prior art

systems and systems embodying features of the present invention;

Voo o
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FIGURE 11 is a view similar to the rotor chamber portion of

FIGURE 1, but here depicting a modified arrangement in which a
lightly compacted feed mat of non-bonded fibers is fed directly
into the rotor chamber as contrasted with the system ghown in
FIGURES 1 and 9 wherein the fibers are pre-opened and fed into

the chamber suspended in an air stream.

Definitions

To facilitate an understanding of the ensuing description
and the appended claims, definitions of certain selected terms
and phrases as used throughout the specification and claims are
set forth below. B

The words "nit", "pill"” and/or "rice" are herein each us;g
to describe a dense, rolled up bundle of fibers, often including
bonded fibers, having a bulk density greater than .2 grams per
cubic centimeter (g./cc.) and which are generally formed by

mechanical action during fiber tramsport or in a rotor chamber

where the fibers are commonly, and often intentionally, subjected

to mechanical disintegrating action.

The terms

soft, cloud-like accumulations of fibers which behave like

individualized fibers in air; i.e., they exhibit relatively hlgh

coefficients of drag in air.

nBulk density" is the weight in grams of an uncompressed

25

“sample divided by its volume in cubic centimeters.

The phrase "9 .dimensional™ is used to describe a system for

forming a web wherein: i) the cross-section of the system and

the flows of air and fiber therein are the same at all sections

nfloc" and "soft floc" are herein used to describe

i
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acros; the width of the system; and ii), where each iﬁérement of
system width behaves essentially the same as every other increment
of system width; thereby permitting the system to be scaled up

or down to produce high quality webs of any suitable ahd cormer-
cially useful widths on a high-speed production basis and wherein
a web's cross-directional profile in terms of basis weight can

be controlled and, preferably, can be maintained uniform.

The phrase "coefficient of variation'" is used herein to
describe variations in the cross-directional basis weight profile
of both the web being formed and-the fibrous materials‘input to
the system, and comprises the standard deviation (g) expressed
as a percent of the mean. The coefficient of variation should
not vary more than 5% and, preferably, should vary less than 3%
in the crﬁss-machine direction. The basis weight profile in the

cross-machine direction of the web béing formed may, for example,

be determined by weighing strips of the web which are three

inches in width (3" C.D.) by seven inches in length (7" M.D.).

The term "throughput" and the phrase "rate of web formation"
are hereiA used generally interchangeably and afé to be distin-
guished from the phrasé "rate of fiber delivéry". Thus, the
phrase "rate of fiber delivery" is intended to.mean the mass

quantum or weight rate of feed of fibrous materials delivered to

the forming head, and may be expressed, for example, in units of

pounds per hour per inch of former width (lbs./hr./in.), pounds—
per minute per foot of former width (lbs./min./ft.), or in any
other suitable units. "Throughput", on the other hand, is

intended to describe the‘'screening rate for fibrous materials
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discharged from the forming head--i.e., the mass quantum or
weight rate of fiber delivery through the former screen per unit

» ¢
area of screen surface--and may be expressed, for example, in

units of pounds per hour per square inch of effective screen
. 2
).

Overall System Description

surface area (lbs./hr./in.

Briefly, and referring first to FIGURE 1, there has been-
illustrated an exebplary system for forming an air-laid web 60
of dry fibers, such system here comprising: a fiber metering
section, generally indicated at 65; a fiber .transport or educator
seétion, generally indicated at 70; a forming head, generally
indicated at 75, where provision is made for controlling air and
fiber flow, and where individual fibers are screened from undesir-
able aggregated fiber masses and, thereafter, are air-laid on a
foraminous'forming wire 80; a suitable bonding station, generally
indicated at 85, where the web is bonded to provide strength.and
integrity; a drying station, generally indicated at 87, where

the bonded web 60 is dried prior to storage; and, a take-up or

reel-type storage station, generally indicated at 90, where the

air-laid web 60 of dry fibers is, after bonding and drying,

formed into suitable rolls 95 for storage prior to delivery to

‘some subsequent processsing operation (not shown) where the web

60 can be formed into specifically desired consumer products.
In keeping with the present invention, the forming head 75

includes a separator system, generally indicated at 76, for

!
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continuous removal of aggregated fiber masses. Such separated
aggregated fiber masses and indiv%dualized fibers entrained
therewith are preferably removed from the forming area by means
of a suitable conduit 77 maintained at a pressure level lower
than the pressure within the forming head 75 by means of a
suction fan (not shown). The conduit 77 may convey the masses
to some other area (not shown) for use in inferior products, for
serap, or, alternatively, the undesirable aggregated fiber
masses may be recycled to a hammermill where the masses are

subjected to secondary mechanical disintegration prior to reintro-

-duction into fiber meter -65. Finally, the forming head 75 also

includes a forming chamber, generally indicated at 79, positioned
immediately above the foraminous forming wire 80. Thus, the
arrangement is such that individual fibers and soft fiber fiocs
pass througﬁ the forming chamber 79 and are deposited or air-laid
on the forming wire 80 to form a web 60 characterized by its
controlled cross-directional profile andgbasis weight.

Fiber Metering Section

While various types of commercially available fiber metering
systems 65 can, with suitable modifications, be employed with
equipment embodying the features of the present invention, one
system which has been found suitable and which permits of the
necessary modifying adaptations is a RANDO-FEEDER® (a registered
trademark of the ménufacturer, Rando Machine Corporation, Macedon,

New York).
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It is Mefy desirable for proper oreration @ wv- -
that a uniform density fiber mass is conveyed to the
forming head 75 in the air stream in eductor 70. The-
Rando-Feeder® hgs been found to provide a sufficiently uniform
fiber stream to produce quality webs in the present apparatus.

Web Forming, Compacting, Bonding, Drying & Storage Section

A vacuum box 126 positioned immediately below the forming
wire 80 and th? web forming section 79 serves to maintain a
positive_downwardly moving stream of air which assists in collect-
ing the web 60 on the moving wire 80. If desired, a second
supplementary vacuum box 128 may be provided beneath the forming
wire at the point where the web 60 exits from beneath the forming
chamber 79, thereby insuring that the web is maintained flat
against the forming wire.

After formation, the web 60 is passed through calendar
rolls 129 to lightly compact the web and give it sufficient
integrity to permit ease of transportation to conveyor belt 130.
A light water spray can be applied from nozzles 131 and 135 in
order to counteract static attraction between the web and the
wire. An air shower 132 and vacuum box 134 serve to clean loose
fibers from the wire 80 and thus prevent fiber build-up.

After transfer to :he belt 130, the web.60 may be bonded in

any known conventional manner such, merely by way of example, as

i) spraying with adhesives such as latex, ii) overall calendering
to make a saturating base paper--i.e., a bulky web with a con-

trolled degree of hydrogen bon&ing--iii) adhesive print patterm
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bonding, or other suitable process. Such bonding processeé de
not form part of the present invention and, thereforei are
neither shown nor described in detail herein, but, such processes
are well known to those skilled in the art of non-woven fabric
manufacture. Bonding of the web as by rolls 136 and 138, and
drying at 87, may be necessary prior to forming the roll 95.
Multiple forming heads 75 may be provided in series in

order to increase overall productivity of the system.

Prior Art Sifting Systems

Referring.next to FIGURE 2, there has been illustrated a

conventional sifting system of the type described in
U.S. Pat No. 4,014,635 for forming air-laid webs of dry

fibers. As here shown, a hammermill 141 disintegrates fiber
provided througg conduit 142, the fiber being thereafter conveyed
to distributor 148 for distribution onto moving forming wire 80
through screen 150. A plurality of rotating impellers 151
rotate about ;ertical axes and "sift" the fiber through screen
150. Material to be recycled is removed through conduit 153a to
the hammermill 141.

In operation, pulp or other fibrous material is subjected
to intensive mechanical disintegration in hammermill 141, and
the resulting individualized fibers, pills and pulp lumps are
then fed into the fiber distributor 148 where they are subjected
to severe mechanical agitation by impellers 151. Such mechanical

agitation results in stratification of the fibrous materials,
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with the finer materials said to move downwardly, and the coarser

materials rising upwardly where such coarse materials are recycled

~

to hammermill 141 for secondary hammermilling operations. The
finer materials include individual fibers, soft fiber flocs and
relarively small nits which are mechanically propelled across

the surface of and through the perforate bottom wall or screen .

150 By the agitating and sifting action provided by the impellers
151. Th;t material passing through the perforate bottom wall or
mesh screen 150 is then deposited on the forming wire 80 by
means of gravi;y and the air stream generated by suction box 126
to form an air-laid web 60' of dry fibers.

The foregoing sifting system has proven suitable for forming

relatively high basis weight webs--e.g., webs having basis

2

weights on the order of 24 1bs./2880 ft.“ or greater. However,

it has been found that extremely high fiber recycle percentages
must be maintained when attempting to form webs, particularly
when attempting to form relatively light basis weight webs
suitable for bath and/or facial tissues. As a result, pro-

ductivity of the fiber distributor is extremely low, and a large

percentage of the input fibers are subjected to secondary hammer-

milling operations which tend to further shorten, curl and
otherwise damage the fibers and which require excessive amounts
of energy consumption. And, of course, the rotary sifting
action of the impellers 151 tends to roll fibers between the
impeller blades and the housing 149 and the screen 150.thus

generating a large number of undesired pills which increase the

recycle percentage.
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In order to increase the productivity of this systemn,

a number of distributor heads may be mounted in series over
a single forming wire. In this manner each distributdr lays
a very thin layer of fibers on the layer from the preceding
distributor. However, such systems are limited in width

and generally have poor cross-directional profiles, poor
formation, and low strength due to mechanical damage to the
fibers.

The flow control and screening arrangement of our apparatus
is 'of the 2-dimensional type employing an elongate rotor
housing having a single rotor mounted for rotation about a
horizontal axis located above the forming wire 80. Since the
process of the present invention is essentially 2-dimensional
with no component of flow in the cross-machine direction, it
is significantly more manageable and predictable than a
sifting type former employing multiple rotors rotating in a
horizontal plane about vertical axes, thereby permitting the
system to be conveniently and readily scaled up and/or down
in width-to- meet commercial web requirements.

In order for the apparatus shown in the drawings to function
properly, it is necessary to provide uniform full-width feed of

fibers having a controlled cross-directional profile in terms of the

mass quantum of fibers. To this end, and as best illustrated in
Figure 3, feed mat 116 may be formed which meets the preferred

conditions of full-width uniformity in terms of the mass quantum
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of fibers forming the mat and the coefficient of variation of
the fibrous materials input to the system. The mat tHus formed §
is then fed into the teeth of lickerin 121 which serves to o
disaggregate the fibers defining the mat by combing such fibers
(along with any pulp lumps, nits and other aggregated fiber
masses which are present) out of the mat and feeding sﬁch

materials directly into a high volume air stream 123.

In operation, the air-suspended fiber stream is conveyed
through a suiéable fiber transport duct 170 (FIG. 3) from the %
full-width eductor 70 to a full-width inlet slot 171 formed in
the upper surface of, and extending fully across, a generally
c¢ylindrical housing 172 which here defines the 2-dimensional

flow control, screening and separating zone 75. To insure that

A TR T TR TR e v

full-width mass quantum fiber control is maintained, the exem-
plary duct 170 is preferably subdivided into a plurality of
side-by-side flow channels separated by partitions 174 extending

the full length of the duct. It has been found that the desired

coefficient ofrvariation constraint in the web being formed can .
be obtained by spacing the partitions 174 apart by approximately
four inches so as to form a piurality of adjacent flow channels
extending across the full axial length of housing 172. It has
also been found that a partitioned duct arrangementof the type

shown in FIG. 3 can be advantageously used to accommodate width
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differences between the feed mat 116 formed in the fiber metering
section 65 and the final air-laid web 60 deposited on“the foraminous

forming wire 80. For example, excellent results have been

obtained when attempting to form a web 60 forty-eight inches in-

width, utilizing a feed mat 116 only forty inches in width.

In carrying out the invention, air-suspended fibrous materialé
introduced radially into housing 172 through inlet slot 171 are
conveyed by co-action of the air stream and the rotor assembly
175 through the housing 172 for controlled and selective discharge
either a) through a full-width discharge opening, generally,
indicated at 178 in FIG. 3, and into forming zone 79 for ultimate,
air-laid deposition on forming wire 80 or, alternatively, b) through
a full-width tangential separator slot 179 formed in housing 172
downstream of the discharge opening 178. The separator slot
179, which here forms part of the separation and/or recycle zone
76 (FIGS. 1 and 3), is preferably on the order of from 3/16" to
3/8" in circumferential width when working with wood fibers and,
if desired, may be adjustable in any conventional mannér (not
shown) so as to permit circumferential widening or narrowing of
the slot 179 to optimize separation conditions.

To permit controlled, selective discharge of individualized
-fibers and soft fiber flocs through opening 178 and into forming
zone 79, while at the same time precluding discharge of nits and
other undesired aggregated fiber masses therethrough, suitable
screening means, generally indicated at 180 in FIG. 3, is mounted

within discharge opening 178. Such screening means 180 may
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simply take the form of a conventional woven square-mesh wire
screen of the type shown at 180A in FIG. 4 and having openings
sized to preclude passage of aggregated fiber masses Provided
that the screen openings do not exceed 0.1" open space from
wire-to-wire in at least one direction and have between 38% and
46% open area. As best shown in FIG. 3, screening means 180 is
formed with the same radius of curvature as the semi-cylindrical

portion of housing 172 within which discharge opening 178 is

formed.

In carrying out this aspect of the inveption, rotor assembiy
175 comprises a plurality of transversely extending rotor bars
181, each fixedly mounted on the outer periphery of a plurality
of closely spaced spiders 182. The bars 181 move through the
radially entering stream of air-suspended fibers entering at
inlet slot 171. As a result of rotor bar movement and the high
velocity movement of the air stream, the air and fibers tend to
move outwardly towards the wall of housing 172, thus best

illustrated at 186 in FIG. 6. Such annular aerated bed 186 of

sfibrous matertalis-is believed:to be on the order of one-half f
inch to one and one-half inches thick (dependent upon actual
operating parameters), and is believed to be moving rotationally %

at about half the speed of the rotor bars 181. The rotor assembly

tends to reduce the relative speed differential between the
rotor bars 181 and the aerated bed 186, thus causing the fibers

to move over and beyond the screening means 180, and b) so as to
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minimize mechanical action between the rotor bars 181 and both
the housing 172 and screening means 180, which action gends to
disintegrate fibers and aggregated fiber masses carried in the
air stream and to general pills. The rotor bars.181 ére on the
order of 3/4" in radial height by 3/8" in thickness, and are
mounted so as go provide a clearance between the outer edges of
the bars 181 and the inner wall surface of the housing 172 and
screening means 180 of from 0.10 inches to 0.25 inches and,
preferably, ffom 0.18 inches to 0.20 inches. To avoid generation
of cross-flow forces, it is important that the rotor bars 181
are continuous; zextend the-full width of the rotor chamber, and
are oriented parallel to the axis of the rotor assembly 175.

As the aerated bed--which contains individualized fibers,
soft fiber flocs, nits and other aggregated fiber masses--passes
over the screening means 180, some, but not all, of the individu-
alized fibers and soft fiber flocs pass through the screening
means into the forming zone 79, while the balance of the indi-

vidualized fibers and soft fiber flocs, together with nits and

other aggregated fiber masses, pass over the screen without

" éxiting fréw the “Fotor housing 172. The undesired pills, rice

and nits--i.e., aggregated fiber masses--have a bulk density
generally in excess of .2 g./cc. and tend to be separated»along
with some individualized fibers and soft fiber flocs from the
aerated bed 186 at the tangential separator slot 179, with those
separated materials being centrifugally expelled through the

slot 179 where they are entrained in a recycle or separating air
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stream generated by any suitable means (not shown) coupled to
manifold 191 with the air-suspended separated particles moving
outward through a full-width discharge passage 192 coupled to
separator slot 179 and, ultimately, to conduct 77 (FIG. 1).
Such separation is aided by a positive air outflow from housing
172 through separator slot 179.

Separation of undesired nits and aggregated fiber masses
from individuaiized fibers and soft fiber flocs is accomplished
with a full-width classifying air jet 194, provided upstream of
the separator slot 179 and downstream of screening means 180;
such air jet be?ng positioned to introduce a full-width air
stream generated by any conventional source (not shown) radially
into rotor housing 172 just ahead of the separator slot 179: Aé—
a consequence, the positive classifying air stream introduced
radially into housing 172 through air jet 194 tends to divert
individualized fibers and soft fiber flocs within the aerated
bed 186 radially inward as a result of the relatively high drag
coefficients of such materials and their relatively low bulk
density (which is-.generally on the order of less than .2 g./cc.).
Since the nits and aggrggated fiber masses have a relatively
high bulk density in excess of .2 g./cc. and relatively low drag
coefficients, the classifying air stream introduced through the
full-width air jet 194 does not divert such materials to any
significant extent and, therefore, such undesired materials tend

to be cetrifuagally expelled through the tangential separator

slot 179. It has been found that the introduction of classifying
air through the full-width classifying air jet 194 into housing
172 at pressures on the order of from 30" to 100" H,0 and at

volumes ranging from 1.5 to 2.5 ft.3/min./in. is adequate for
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deflecting a significant portion of the individualized fibers
and soft fiber flocs. The energy level of the classifying air
jet is most conveniently controlled by adjusting its pressure.

In operation, it has been found that excellent results are
obtained if at least 90% of the fibrous material introduced and,
preferably between 95% and 99% thereof, ultimately pass through
screening means 180 into the forming zone 79 and are air-laid on
the foraminous forming wire 80 without requiring any secondary
hammermilling operations and without being subjected to any
significant mechanical disintegrating forces. The quantity of
material separated may be controlled by the operator by varying
the volume of recycle air supplied through manifold 191 and/or
by adjusting the circumferential extent of full-width separator
slot 179 in any suitable manner (not shown).

Although the present invention has thus far been described
in connection with the use of a conventional woven square-mesh
screen 180A (FIGURE 4) for the screening means 180 shown diagram-

matically in FIGURE 3, it is preferred that the screening means

. 180 .take the form of a high capacity slotted screen 180B--e.g.,

of the type shown in FIGURE 5. When utilizing a slotted type
screen 180B with a 2-dimensional rotor assembly 175 mounted for
rotation aboué a horizontal axis, it has been found essential
that the scree; slots be oriented with their long dimensions
parallel tb the axis of the rotor assembly. When so oriented,

individualized fibers tend to move through the screen slots
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while nits and aggregated fiber masses are precluded from passing
through the screen since they are generally larger in size than

the narrow dimensions of the slots which, preferably, do not

exceed 0.1" open space from wire-to-wire in at least one direction.
However, when the slots of a slotted screen 180B are oriented

with their long dimensions perpendicular to a plane passing

through the rotor axis, it has been found that the screen tends

to rapidly plug--indeed, when operating under commercial production
conditions, it has been found that the screen tends to become

completely plugged almost instantaneously.

The exemplary system nerein described has eight rotor bars
181. However, the number and/or shape of the rotor bars may be
varied, provided that ‘such modifications are consistent with
mechanical stability and low rotor "pumping" action. That is,
the rotor assembly 175 must be dynamically balénced assembly
and, therefore, it must include at least two rotor bars. However,
it will be appreciated that it can include fewer or more than

the eight bars illustrated in FIGURES 1 and 3--for example,

On the other hand, care must be tzken to insure that the number
of rotor bars employed--e.g., n rotor bars where n equals any
whole interger greater than "1"--and the shape-of the rotor bars
are such that pumping action is minimized. Otherwise, the rotor
assembly 175 will tend to sweep the aerated fiber bed 186 over
and beyond the'screening méans 180 rather than permitting and,

indeed, assisting fiber movement through the screening means.
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The rotor bars 181 need not be rectangular in cross-section.
Rather, they can be circular, vane-shaped, or of virtually any
other desired cross-sectional configuration not incongistent
with the .objective of minimizing rotor pumping action.

It is significant to a complete understanding of the present
invention that one understand the difference between the primary
function of the rotor assembly here provided--viz., to lift
fibrous materials upwardly and off the screen or, stated differ-
ently, to momentarily disrupt passage of the air-suspended fiber
stream through the screen-<-and that stated for conventional
cylinder rotor systems of the tfpe.ﬁhere the roto; blades

mechanically act upon the fibrous materials to '"disintegrate"

such materials and propel them through the screen.

Provision is made for insuring the individualized
fibers passing through the screening means 180 are permitted to.
move directly go the foraminous forming wire 80 without being
subjected to cross-flow forces, ed@y currents or the like,
thereby maintaining cross-directional control of the mass quantum
of fibers delivered to the forming wire through the:full-width.
of forming zone 79. To accomplish this, provision is made for
insuring that the upstream, downstream and side edges of the

forming zone--i.e:, the boundaries of the zone 79--are formed so

as to define an enclosed forming zone and to thereby preclude
intermixing of ambient air with the air/fiber stream existing

housing 172 through screening means 180. It has been found that
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the air/fiber stream exiting from housing 172 through screening
means 180 does not exit radially but, rather, at an acute.angle
or along chordal lines or vectors which, on average, tend to
intersect a line tangent to the mid-point of the scre;ning means
180 at an included angle a. In the exemplary form of ihe invention
where the screening means 180 covers an arc of approximately 86°
and, where an 8-bar rotor is being operated at a rotor speed on
the order of i400-1450 RPM, it has been found that the angle a
is generally oﬁ the order of 11°,.

Consequently, the forming zone 79 is preferably.provided
with sidewalls .(a portion of one such sidewall is shown at 199
in FIGURE 3), a full-width downstream forming wall 200, and a
generally parallel full-width upstream‘forming wall 201, which
are respectively connected to rotor housing 172 ;t the downstream
and upstream edges of screening means 180, and which respectively
lie in parallel planes which intersect a line tangent to the
mid-point of the screening means 180 at included angles on the
order of 11°. The upstream end of forming wall 201 is beat as

indicated at 201A, 201B so as to forﬁ a shaped portion which

O ;- -~generally -accommodates :the air/fiber flow pattern exiting the

upstream portion of screening means 180. The walls 199, 200 and

201 serve:to enclose the -forming zone 79 and to thereby preclude

disruption of the air/fibér stream as a result of mixing between

ambient air and the air/fiber stream. The enclosed forming zone

79 is preferably maintained at or near atmospheric pressure so

as to prevent inrush and outrush of air and to thereby assist in

precluding generation of cross-flow forces within the forming

'




0032044

zone. Those skilled in the art will appreciate that angle a can

vary with changes in operating parameters such, for example, as

changes in rotor RPHM. However, for operation at or near optimum
conditions, it is believed that the angle o will generally lie
within the range of 5° to 20° and, preferably, will lge within
the range of 8° to 15°. The lower edges of forming walls 200,
-=----201 terminate slightly above the ;urface of foraminous forming
wire 80--generally terﬁinating on the order of from one-quarter
inch to one and one-quarter inches above the wire.
In the exemplary form of the invention shown in FIGURE 3,
when the angle a is on the order of 11° and when the forming'

zone 79 is positioned over a horizontal forming surface 80, the

upstream and downstream forming walls lie in planes which intersect

the horizontally disposed forming surface 80 at includéd acute
angles B where B is on the order of 33°. However, those skilled
in the art will appreciate that the angular value of B is not
critical and ;an vary over a wide range dependant only upon the
orientation of the forming surface 80 relative to the forming
zone 79.

Since constraining walls 200, 201 are parallel, there is no
tendency to decelerate the flow (as would be the case where the
walls diverge). This fact aids in preventing eddy currents and
other unwanted cross-flow forces. There is, of course, some
deceleration of the air/fiber stream as it exits the housing 172
through screening means 180; but, such deceleration occurs
immediately upon exit from the screening means and produces only

a fine scale turbulence effect which does not induce gross eddy

currents or cross-flow forces. In some cases it might be desirable

to have the walls 200, 201 converge slightly so as to accelerate,

and therefore, stabilize the flow.
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The forming zone is preferably dimensioned so that under
normal adjustment of variable system operating parameters, the
velocity of the fiber/air stream through the forming ;one is at
least 20 f£.p.s. and the fibers are capable of traversing the
entire length of the forming zone 79 from screen 180 to forming

wire 80 in not more than .l seconds.

I. Overall System Operation

Numerous system parameters may be varied in the operation
of 2 forming system embodying the features of the present invention
in order to form an air-laid web of dry fibers having specific
desired characteristics. Let it be assumed that the operator
wishes to form an air-laid web 60 one foot (1') in width (all
ensuing assumptions are per one foot of width of the forming
head 75) having a controlled uniform cross-directional profile
and a basis weight of 17 1bs./2880 ft.z. Assume further:
a) Air-to-fiber ratio supplied through inlet
slot 171 equals 350 ft.>/1b. y
b) Inlet slot 171 is 5" in circumferential
~E- de- width--i.e., the dimension from edge 196
(FIGURE 3) to edge 202.
c) Rot&r housing 172 is 24" I.D.
d) Rotor assembly 175 employs eight equally
spaced rectangular rotor bars 181, each 3/4"
in radial height by 3/8" in circumferential

thickness and extending parallel to the axis

B e —~———
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of the rotor assembly continuously throughout
the full width of rotor housing 172 and, each
spaced from the rotor housing 172 by 0.18".
Rotor assembly 175 is driven at 1432 RPM.
Rotor bar 181 tip velocity equals 150 f.p.s.
Relative velocity between the rotor bars 181
and the aerated bed 186 is approximately 70
f.p.s.

Screening means 180 defines an arc of 86°,

and has 40% open area.

Separation and/or recycle through separator
slot 179 comprises 5% by weight of fibrous
materials supplied through inlet slot 171.
The quantity of classifying air introduced
through air jet 194 is between 1.5 and 2.5
ft.s/min./in. at pressures between 30" and
100" H,0.

Forming walls 200, 201 are parallel and spaced
9" apart in a direction normal to the parallel
walls 200, 201 and 16" apart in a horizontal
plane passing through their lower extremities
just above the plane of the forming wire 80.

Forming wire speed equals 750 f.p.m.



- 31 -

0032044

All of the foregoing operating parameters are either fixed

and known, or can be pre-set by the operator, except for the
relative velocity between the rotor bars 181 and the aerated

bed 186 of fibers within the rotor housing 172.

The actual

speed of the aerated bed 186 is not known with certainty; but,

it is believed to be on the order of half the tip velocity of

the rotor bars 181.

For convenience, it is here assumed to be

approximately 80 f.p.s., an assumption believed to be reasonably

accurate based upon observation of overall system behavior,

thereby resulting in a relative velocity between the rotor bars

181 and the aerated bed 186 of approximately 70 f.p.s.

assumption "g", Supra).

(see

Accordingly, supply and velocity relationships within the

foregoing exemplary system can be readily calculated as follows;

and, such relationships have been illustrated

5%%5 x 750

4.43 x 1.05

4.65 x 350

1.5' x 1' x
144 in.2/f¢.

2

4.43 lbs./min.--Rate of formation
of web 60,

4,65 lbs./min.-~-Rate of fiber
supply through inlet slot 171.

1627 ft.3/min.--Vol. of air sup-
plied through inlet slot 171.

1.5 ft.--Screen circumference.

216 in.z--Scréen area.

in FIGURE 16:

[1]
[1I1]
11
[1Iv]

(V]
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2:43 x 80 mIn. = 1.3 1bs./hr./in.2--Fiber (V1]
216 in. throughput of former screen 180.

1.5 ft.2 X 40% = 0.6 ft.z--Amount of open area in [VII]
screen 180.

37I%§§136' = 65 f.p.s.--Velocity of air and [VIII]
fiber stream entering rotor hous-
ing 172 through inlet slot 171.

1627 - . .

175 % &0 = 18 f.p.s.--Veloc%ty approaching [IX]
the screen 180 (i.e., normal to
the screen).

57%2%155 = 45 f:p.s.~-Velocity through screen [X]
openings.

1627 - 36 F Veloci in £ .

5712 % 60 = .p.s.--Velocity in forming [XI]
zone 79. :

13/%221 50 = 20 f.p.s.--Velocity normal to [XI1]
forming wire 80.

150 - 70 = 80 f.p.s.--Velocity vector [X111]

J80% + 1 = 82 f.p.s.--Air velocity vector [X1IV]
composite within housing 172.

4.65 - 4.43 = .22 1bs./min.--Amount of fiber [XV]
removed through separator slot
i179.

Keeping the foregoing supply and velocity relationships in
mind, it will be appreciated that the individualized fibers,
soft fiber flocs, and any aggregated fiber masses present in the
feed mat 116 (FIGURE 3) will be disaggregated and dispersed
within the air stream passing through fiber transport duct 170
"with essentially the same cross-directional mass quantum rela-
tionship as they occupied in feed mat 116. Under the assumed

conditions, the air/fiber stream enters rotor housing 172
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(FIGURE 3) at approximately 65 f.p.s. [Eq. VIII] and at a fiber
feed rate of 4.65 lbs./min. [Eq. I1]. .The volume of air supplied
to rotor housing 172--viz., 1,627 ft.3/min. [Eq. I11]a-is such
that a pésitive pressure of approximately 1.5" HZO is maintained
within the housing 172. Since the forming zone 79 is maintained
at atmospheric pressure, there exists a pressure drop on the
order of 1.5" HZO across the screening means 180 through which
the air-suspended fibers pass.

Although the air/fiber stream entering rotor housing 172
through inlet slot 171 is-moving radially intitially, rotation

of the rotor assembly 175 (counterclockwise as viewed in FIGURES

3 and 6) tends to divert the fibers outwardly towérds the periphery
of housing 172 so as to form an annualar aerate& bed of fibers

186. Movement of the rotor bars 181 through the annular aerated
bed 186 of fibgrs at a rotor bar tip velocity of 150 f.p.s.

tends to accelerate the air-fiber stream from its entry velocity
of 65 f.p.s. [Eq. VIII] to.approximately 80 f.p.s., thus resulting
in a relative velocity of 70 f.p.s. between the rotor bars 181

and the aerdted bed 186 of fibers. However, because of the
clearance of 0.18" between the rotor bars 181 and housing 172,

and the reiatively small effective area of the rotor bars, only

minimal pumping action occurs and there is little or no tendency

to roll fibers between the rotor bars 181 and either housing 172
or screening means 180. Therefore, there is little or no tendency

to form pills; and, since only minimal mechanical-disintegrating -
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action occurs, curling or shortening of individualized fibers is
essentially precluded. Rather, the rotor bars 181 sweep thréugh
the aerated bed 186 and across screening means 180, thus causing
at least certain of the individualized fibers and sofst fiber
flocs within the aerated bed 186 to move through the s;reening
means--such air-suspended fibefs have a velocity vector normal :
to the scréening means 180 of approximately 18 f.p.s. [Eq. IX] i
and a composite velocity vector of approximately 82 f.p.s. [Eq.
X1V] directed towards screening means 180 at an acute angle--while,
at the same time, sweeping nits and aggregated fiber masses over
and beyond the screening means 180.

Since the rotor bars 181 are moving through the aerated bed
186 of fibers at a relative speed 70 £.p.s. fasper than movement
of the aerated bed, a negative suctioq zone of 1.7" HZO is
generated in the wake of each rotor bar 181, as best illustrated
at 204 in FIGURE 6. Each such negative suction zone extends the
full-width of the rotor housing 172 and is parallel to the axis
of the rotor assembly 175. In the case of rotor bars having a
circular cross-section (not shown), the negative suction generated
wou%d be on the order of 3.0" HZO' In either case, the negative
suction generated is sufficient to momentarily overcome the

pressure drop of approximately 1.3" H,0 across the screening

means 180 and, as a consequence, normal flow of the air/fiber

stream through screening means 180 ceases momentarily in the
region of the screen beneath the negative suction zone 204. The
"full-width negative suction zones 204 are, of course, also
sweeping across the screening means 180 at the same velocity as

the rotor bars 181--viz., 150 f.p.s.--and, as a consequence, the
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‘.rapidly moving spaced full-width lifting forces segv0e3t%9%gpprtant' :

functions--viz., the generated lifting forces i) tend to 1lift
individualized fibers and soft fiber flocs off screening means
180 in the wakes of the rotor bars across the full-width of
rotor housing 172, thus preventing layering of fibers on the
screen which tends to plug the screen openingsrand thys inhibits
free movement of fibers through the screen; and ii), tend to
lift nits and ofher aggregated fiber masses off thenscreening
means 180 so as to facilitate their peripheral movement over and
beyond the screening means and towards the full-width Separaﬁor
slot 1979. Such peripheral movement results from the movement
of the annular zerated bed 186 and the sweeping action of the
rotor bars 181. .

Those individualiied fibers, soft fiber flocs, and aggregated
fiber masses within the aerated bed 186 of fibers which do not
pass through the screening means 180 the first time they are
presented thereabove are swept over and beyond the screening
means 180 and, thereafter, past classifying air jet 194 (FIG. 3).
Under the assumed conditions, the individualized fibers and soft
fiber flocs tend to be diverted radially inward by the classifying
air jet 194, while the undesired aggregated fiber masses are
centrifugally and tangentially separated from the aerated bed
186 through full-width separator slot 179 at the rate of .22
1bs./min. [Eq. XV]. Those individualized fibers and soft fiber

'flocs remaining in the aerated bed 186 after transit of separator

slot 179 are then returned to the region overlying screening
means 180, where they are successively acted upon by the rapid
succession of pressure reversal conditions from full-width
negative pressure zones 204 alternating with full-width zones of
positive pressure drops until all such materials pass through

the screening means 180 into forming zone 79.

MmN AT, RS TET 4R Fe1 8 pers

1 e rrrr—s am————— o S Fores b i A e iy SE s ae




10

15

20

25

- 36 - 0032044

The air/fiber stream exiting from housing 172 decelerates
almost immediately to approximately 36 f.p.s. [Eq. XI] within
forming zone 79 and moves through the forming zone to;ard the
foraminous forming wire 80 which is here moving at 750 ft./min.
The fibers are air-laid or deposited on forming wire 80 at the
rate of 4.43 lbs./min. [Eq. I]--i.e., the difference between the
rate of fiber supplied qu. 11] and the 5% of fibrous materials
supplied which are separated and removed through separating slot
179--to form web 60. The fibers deposited on the forming wire
80 are held firmly in position thereon as a fesult of suction
box 126 and its associated suction fan and ducting which serve
to accommodate and remove the high volume of air supplied.

The web 60 depgsited on forming wire 80 has more than
adequate integrity to permit rapid movement of the forming wire.
Indeed, if one desires to further increase productivity, n
additional forming heads may be utilized and the speed of for-
aminous forming wire 80 may be increased by a factor eéual to
the number of separate forming heads used--e.g., under the
assumed operatigg condition, two heads would permit operation at

1,500 f.p.m.; three heads would permit operation at 2,250 f.p.m.;

et cetera. Moreover, as a result of the relatively high throughput

- capacity of each forming head 75, the mass quantum of fibers

deposited on the forming wire 80 per unit area of former screen
180 will be on the order of ten times as great as that deposited

by conventional prior art sifting heads of the type shown in

r
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FIGURE 2; and, consequently, the forﬁing wire may be operated at
speeds considerably in excess of the 1,000 f.p.m. practical
limit experienced with such prior art systems. Indeed, with the
present invention; forming wire speed is no longer limited by
the speed of web formation but, rather, by the speed of such
subsequent processing steps as bonding in the web bonding station
85 (F1G. 1).

Experimentation has indicated that .a wide range of results
are attainable dependent upon the particular operating parameters

selected. For example, the rotor assembly 175 may be formed

with n rotor bars 181 where n equals any whole integer greater

than "1". However, it has been ascertained that fiber through-

put--a limiting constraint when attempting to maximize produc-
tivity--is a function of rotor speed multiplied by the square
root of the number of rotor bars employed--i.e., fiber through-
put: [ (RPM x J/No. of rotor bars 181). This relationship will,
of course, vary with the particular screen employed; and, has
been graphically illustrated in FIG. 8 wherein fiber throughput
in lbs./in./hr. (the ordinate) has been plotted at various rotor
speeds for each of a 2-bar, é-ba:, and 8-bar rotorrassembly (the
abscissa) when using both a coarse wire screen 10x2.75; .047"

wire dia.; .059" screen opening; and 46.4% open screen area) and

a fine wire screen (16x4;..035" wire dia.; .032" screen opening;
and 38.8% open screen area).

Thus, the line 209 represents the Regres;or, or "line-of-
best-fit", from which functional relationships between throughput

and rotor speed can be determined when using a coarse wire
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screen of the type described above. Similarly, the line 210
represents the same functional relationships when using a fine
wire screen of the type described above. The data thus cor-

roborates experimental findings that rotor RPM can be reduced

while fiber throughput is maintained, or even increased, by

going, for example, from a 4-bar rotor assembly 175 to an 8-bar
rotor assembly 175. However, when using an 8-bar rotor assembly
175, the forming system seems to be less tolerant of mismatches
between forming air and rotor speed; and, where such mismatches
occur, fibers tend to accumulate on the sidewalls 199 of the
fo;ming zone 79. This is readily corrected bf reducing rotor
speed, normally by less than 10%, while maintaining forming air
constant.

It has further been discovered that both nit levels in the
air-laid web 60, and fiber throughput in lbs./hr./in.2, are a
function of the percentage of fibrous materials removed from the
aerated bed 186 through the full-width separator slot 179 (FIGURE 3).
Thus, referring to FIG. 9, line 211 graphically portrays the
decreasing separation/recycle percentages (the abscissa); while,
at the same time, increasing separationh/recycle percentages are
accompanied by increased fiber throughput in 1lbs./hr./in.Z2.
Numerical nit levels range from "0" {("excellent"), to "1" ('"good"),
to "2" ("adequate”), to "3" ("poor"), to "4" through "6"
("inadequate" to '"nonacceptable™). Such numerical ratings are
subjective ratings based upon visual inspection of the formed
web 60 and subjective comparisons of pre-established standards.

As the pressure of the recycle air supplied through manifold



b rmeam

e thraian 7.

Sr W T Nk he bt ) e ee

w

-——ra

-

v T e,

10

15

20

25

0032044
- 39 - :

-

e

191 is decreased and/or as separator slot 179 is widened, thereby
modulating the pressure conditions within discharge cqnduits 192
(FIG. 3) and 77 (F1G. 1) which are maintained at a pressure

level below that within the forming head 75 means of a suction
fan (not shown), the amount of fibrous material removed from
rotor housing 172 through separator slot 179 is increased. As
the percentage of fibrous materials separated and/or recycled
increases, nit level in the formed web 60 decreases.

FIG. 9 also shows that the throughput of the forming system
was increased from .62 lbs./hr./in.2 while at the same time
improving web qu;lity from "poor" to "excellent™ by increasing
the fiber delivered to the system and ihcreasing the percent
recycle.

1t has bee; found that a 2-dimensional air-~laid web forming
system embodying features of the present invention will; when
operating at a proper balance of fiber supply, forming air
supply, and rotor_speed, not only deliver maximum fiber throughput
with minimum recycle, but, moreover, will exert a "healing
effect" on basis weight non-uniformities entering the forming
head 75. That is, the screen 180, when properly loaded with a
moving or transient aerated bed 186 of fibers (FIG. 6), acts as
a membrane which tends to equalize or even out the—passageof——-
fibers through adjacent incremental widths of the screen. Such
"heéling effect" is only operative over distances of six inches

(6") or less. However, the "healing effect" will tend to reduce
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the coefficient of variation within a forming head 75 supplied
with an air/fiber stream delivered through a partitioged duct
170 of the type shown in FIG. 3--viz., the effect of non-unifor-
mities present within each four inch wide segment of the air

stream exiting the partitioned duct 170 will tend to be minimized.

-

The "healing effect"” will not function to even out gross irregu-

larities in fiber basis weight over a wide expanse of former

widths.

Comparative Forming Capacities and Web Characteristics

Between Prior Art Air-Laid Web Forming Systems

and 2-Dimensional Systems Embodying Features of the

Present Invention

In order to facilitate an understanding of the significant
. improvements obtained in terms of productivity when comparing
air-laid, dry fiber web'forming systems of the present invention
with prior art systems, T;bles I and I1 represent the use of
either a one meter prior art system (Table 1) or the 2-dimensional
.. —.system of the present invention having a semi-cylindrical screen
18" in circumferential length (Table.II) to form webs having
basis weights of 14 1bs./2880 ft.2 (bath tissue), 17 1bs./2880
fr.2 kfacial tissue), and 26, 34 and 40'1bs./2880 ft.2 (toweling).
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PRIOR ART (FIG..2)- "

FORMER CAPACITIES

1

Forming Wire Speed--ft./min.

Basis Weight Product No. of Fiber Distributors

1bs./2880 Type ENEEEEE R e
14 Bath Tissue 228 911 n.2 n.2
17 Facial Tissue 187 750 n.2 . n.2
26 Towel 122 490 581 n.z2
34 Towel 94 375 750 1125
40 Towel 80 319 638 956

FIG. 2.

1. The data set forth in this Table I is ba
“throughput capacity of 0.14 1lbs./hr./in.
one meter fiber distributor of the type shown at 148§

Eed upon a fiber
for a single

2. Forming wire speed in excess of 1,200 ft./min. produces
unacceptable product having excessively wavy formation

TABLE I

Thus, referring first to Table I, it will be observed thsat

a conventional prior art air-laid web forming system of the type

shown in FIG. 2 employing only a single fiber distributor 148 is

capable of being set to produce a web having a bsis weight of 14

1bs: /2880 fr.2 at an anticipated average maximum operating speed.

for forming wire 80 on the order of 228 f.p.m.

produce formed webs having progressively increasing basis weights

(assuming all other operating parameters remain fixed at the

In order to

optimum settings), it is merely necessary to reduce the speed of

the forming wire 80.

Thus, when operating -the forming wire 80




10

13

20

25

0032044

2-DIMENSIONAL FORMER CAPACITIES
IN ACCORDANCE WITH TEE INVENTIONT

1 _.EQEEEE?_H}{E Speed--£%./min.
Basis Weight 2 Product | No. of Eg{giﬁé:;é;é;—._-aif—
lbs. /2880 ft. Type T T Z “‘]""3"““
14 - Bath Tissue 911 ig21 2737
17 Facial Tissue] 750 1500 2250
26 Towel 490 81 1471
34 Towel 375 750 1125
40 . Towel 319 £38 956

1. The data set forth in this Table II is based ugon a
fiber throughput capacity of 1.23 1bs./hr./in.* for
.& single forming.head of .the type shown at 75 in FIG. 1
and ?, agd which 'uses a relatively fine screen 180
18" in circumferential length and having a screen
opening of 0.050".

TABLE II

Referring next to Table I1, it will be observed that a

single forming head 75 embodying the features of the present

invention--e.g., the type shown in FIGS. 1 and 3--is capable of

rproducing similar webs having basis weights ranging from 14-40

1bs. /2880 ft.2

at forming wire speeds ranging from about 911
f.p.m. to about:3l9'f.p.m.-—gig;, speeds comparable to the
speeds obtﬁinable with a prior system requiring four tandem
distributor heads. These realistically attainable forming wire
speeds may be doubled, tripled, or even further multiplied by
using two, three ormggggﬂgéfiiﬁg heads. Consequently, the
formation of air-}aid webs of dry fibers is mno longér limited to
iow forming wire speeds; and, this is believed to be a direct.

result of the fiber throughput capacity of each forming head 75

which is capable of delivering in the order of ten times the
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at a speed on the order of 187 f.p.m., it is possible to produce
a web having a basis weight of 17 1bs./2880 ft.2; while operation
at forming wire speeds on the order of 122, 94 and 80 f.p.m.
permits formation of toweling grade webs having basis,eights of
26, 34 and 40 1bs./2880 ft.2, respectively. Such forming yire
speeds--viz., speeds ranging from about'228 to about 80 f.ﬁ.m.-;
are very'low for commercial production facilities. However, it
is possible to increase the anticipated average maximum speed

obtainable by the simple expedient of increasing the number of

distributor heads 148 employed. For example, a system employing

four tandem distributor heads is capable of.pgpducing webs
ranging from 14 to 40 1bs./2280 ft.2? at forming wire speeds
ranging from about 911 f.p.m. to about 319 f.p.m.--i.e., four
times the antic;pated average maximum speeds atfainable when
using only a single forming head 148. Such a system, however,
generally requires four hammermills and all of the attendant
peripheral fiber conveying and recycling systems, together with
their inherent disadvantages in terms of capital investment,
space, and energy consumption requirements.

Still greater forming wire spéeds are attainable with the
coqventional prior art systems by employing additional fiber

distributor heads. For example, eight tandem distributor heads

are capable 6f forming webs having basis weights ranging from 26

to 40 1bs./2880 ft.2 suitable for toweling at forming wire

speeds respectively ranging from about 981 to about 638 f.p.m.
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mass quantum of fibers per square inch of former screen as can
be delivered by a single prior art fiber distributing head 148,

Examples--Comparative Representative and/or Optimum

Operating Parameters for Air-Laid Dry Fiber Web Forming

Systems in Accordance with the Present Invention and

the Prior Art

Examples I and II (Table III) include the actual operating

parameters utilized for formation of the webs of a prior art

apparatus and an apparatus of the present invention, respectively.

A further interesting comparative analysis may be made
between the present invention of Example II and prior art web
forming systems exemplified by Example III1 of Table 111, page
36. Thus, when contrasting Example II and Example III, it will
be noted that both processes produced a facial tissue having
approximately the same basis weight. However, the prior art
system required two tandem fiber distributor heads--together
with the required peripheral hammermills, fiber conveying systems,
and fiber recycling systems; as contrasted with Example 11
wherein the web was formed in accordance with the invention
utilizing only a single forming head 75. Yet, fiber throughput
in the Example II system embodying the inventiom was 8.7 times
that of the Example I1I prior art system and, consequently, the
speed of forming wire 80 was 500 f.p.m. for Example II as compared
to only 250 f.p.m. for Example III. While the nit level of the
Example III web produced by the prior art system was "1.1"
("good") as compared to "2.7" (between "adequate" and "poor")

for the web 60 of Example II, it was necessary to recycle 34% of
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the fibrous material input to the prior art system as contrasted
with only 5.6% in the Example II system. A large portion of the
recycled material was comprised of good fibers which, when

hammermilled with the aggregated fiber masses, are shorténed and-

damaged.
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Example No. I 11 S-IXX v v
Former () c A E 2 . A
Run No. 1303 | 2133 | 10398 | 2999 2540 |
2 ’ o -y -~
Fibre Type (2) KSAT RSV WK REWK NSWK
. 3 . . .
Fibre Feed Rate - lbs./m./hr.( ) 29.2 i15.9 1173 9.8 4 f
Top' Air Supply - ft.’3/min./in.' 420 l 103 ' 210 L 112 a%5
. 3
Air-to-Fibre Ratio - ft. /lb. - €23 l 207 1115 l 689 1509
No. of Rotors 12 ' -1 ] § I 1 1
No. of Rotor Bars/Rotor N o~ ‘ £ —~ 8 g
Rotor Speed - RPM | 780 | ‘1485 790} 1200 . | 1330
Screen Type ixA0 }iix2. 5 | 110 10:10 1212
11212 12012
. ' 1.075 . = 075
-.Screen ening - Inches .
cpening joos0 | =90 | Togp | -085 | .0%0
) e s 156.3 | s6.3 ;
4% Open Screén Area . . 131.3 43.6 =1 8" £3.3 s1.8
Former Pressre - Inches H,O | B’ | - 1.2 -0 1.85 l 1.5
% Fibre Recycled 33.0 | 5.6 34.0 (0.2 .1 7.3
Amount Fibre Recycled - 1lbs./in./hr. 7 C.8 -} 3.385 1.0 l ' 0.35
Fibre Throughput - lbs./hr./in.2 1 .22 . .83 .085 .49 .24
Classifying Air - ft.ﬁ/min./in. -0~ 2.2 -0 1.3 1.4
Forming Wire Speed - ft./min. |- 600 500 230 | 300 135D
Product Made {-Facial racia) [Faciz) =
| Tissue ™Moeoie {M™Nexie 2. E:‘;-
Bond Pattern : 19/28 ’ 15/28 19/28 25/23- 25/23
Basis Weight - 1lbs./2880 ft.:2 18.7 l 17.3 17.0 16.9 17.8
Coefficient of Variation — C.D.% 2.8 l 4.7 2.7 3.1 3R
Tensile - Gms./3" C.D. Width | 325 ’ 460 411 | 505 l 357
Nit Level : £.0 l 3.7 LI ] ig | oo
1. Former "A" is a 2-dimensional former embodying the features of the present
invention having a screen 18" in circumferential length.

Former "B" is a prior art former of the type shown in Figs. 3 and 4, employ-

. ing two distributor heads 148 in tandem, one having & 1lOx10 square-mesh screen
and the other having a 12x12 sqguare-mesh screen, and each head being one meter
in width.

Former "C" is a prior art former of the type shown in Figs. 3 and 4, emrploy-
ing four distributor heads 148 in tanden, alternate ones of such heads respecti-
velty having 10x10 and 12x12 square-mesh screens and all heads being one meter
in width. .

2. NWSK is Northern Softwood Kraft.
3. Fibre feed rates as stated represent maximum former capacity for the
operating parameters established.
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When contrasting the operating parameters used to generate
the wébs of Example II and any of the other Examples,‘Pne dif-
ference is worthy of mention at this point--viz., the type of
screen employed. 1In the.case of Example 1I, the single forming
head produced significantly higher throughput rates and employed
a slotted screen 11x2.5 having 43.6% open screen-area; whereas
the other Examples employed woven séuare-mesh screens 10x10 or
12x12. |

The dramatic iqProvement in throughput is evident upon
inspection of the data as reproduced in graphic form in FIGURE
10. Thus, as here shown fiber throughpﬁt has been plotted
versus the screen opening size in inches as determined in experi-
ments run by applicant. The line 215 is thus representative of
fiber throughput when using woven square-mesh screens in a
conventional p}ior art system, and the remarkably improyed
throughput achieved with the present invention when using woven
square-mesh screens is reflected by the line 216. |

Even more remarkable throughput rates are attained when
utilizing a slotted screen of FIGURE 5 with a 2-dimensional
former of the present invention as reflected by line 218.

Surprisingly, although slotted screens produce improved

throughput when used with the present invention only when the
slots are oriented parallel to the axis of the rotor assembly,
such orientation has been found to be not critical when working

with prior art forming systems of the type shown in FIGURE 2.
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Thus, data recorded in experiments using a prior art system with

a slotted screen has been used to generate the line 219 in

FIGURE 10. It should, however, be noted that the present invention

permits of greater throughput and, therefore, greater productivity,

even when using woven square-mesh screens than do the prior art

systems when using slotted screens (Cf., lines 216 and 219 in

FIGURE 10).

Finally, reference is made to the cross-hatched line 220 in
FIGURE 10 which is indicative of maximum throughputs obtainable
with multiple head prior art web forming systems. Such data has
--been 'reported  in publications, although the data does not reflect
the particular screen characteristics used.

Alternative Lightly Compacted Feed Mat Delivery Systems

Turning next to FIGURE 11, there has been illustrated one
form of system for feeding a lightly compacted feed mat having a
controlled C.D. coefficient of variation directly into a forming
head 75 embodying features of the present invention. As here
shown, a feed mat such as that shown at 116 in FIGURE 3 is first
conveyed between a pair of full-width compacting rolls 234, 235
which serve to.lightly compact the web 116 so as fo form a feed
mat 236 characterized by its full-width uniformity and having a
coefficient of variation of 5% or less. The compacting rolls
234, 235.are hardened steel rolls and are adjusted so as to

provide sufficient web compaction to form a feed mat 236 having

enough integrity to permit subsequent handling; yet, not sufficient

compaction as to cause hydrogen bonding of individual fibers.
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For example, when working with Northern Softwood Kraft (NSWK)

fibers, it has been found that the requisite degree of compaction
can be achieved with compacting forces on the order of 200 to
800 p.l.i. (pounds per lineal inch) when using two equal diameter
hardened steel rolls 234, 235, each 6" in diameter.
In carrying out this modification, the lightly compacted
feed mat 236 of non-bonded fibers thus formed is fed through a
full-width feed inlet 244 radially into rotor housing 172 by
means of a feed roll 245. The feed inlet 244 is preferably
positioned downstream of air inlet 171 and upstream of discharge
opening 178. The arrangment is such that as the feed mat 236
enters ﬁousing 172, it radially intersects the aerated bed 186
of fibers which is moving at a relatively high velocity such
that the lightly cdémpacted fibers of feed mat 236 are instan- §
taneously and uniformly dispersed into the bed 186 of fibers. ;
The fibrous materials are, thereafter, selectively passed

through screening means 180 disposed in outlet 178 or, alterna-

manner previously described. Those fibers passing through
sereening means 180 are conveYed through.formiﬁg zone 79 and are
air-laid on foraminous forming wire 80 to form web 60. It will
be noted that in this arranggmént; those fibers freshly intro-
duced into the housing 172 through inlet 244 will, at least
initially, be principally located within the radiélly outermost

regions of the aerated bed 186 and, consequently, will be in
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close proximity to the screening means 180; whereas those fibers
not discharged through the screen 180 on the first pass will

tend to be principally located in the radially innermost regions
of the aerated bed 186 of fibers. Consequently, it i% believed
that this arrahgement will permit relatively high forming capacity
since a high mass quantum of fibers are dispersed in the ocutermost
regions of the aerated bed just upstream of the screening means
180 where they will have immediate access to the screening

means. Alternatively, the lightly compacted feed mat 236 may be
tangentially introdﬁced into head 75 in the same position as the
mat is feed radially in FIGURE 11, or the fibers of lightly
compacted feed mat 236 may be fed into the lower end of conduit
170 after being opened by a full width lickerin located adjacent
conduit 170.

Alternative Flow Control or Web Collection Systems

It is anticipated that acceptable results may be obtained
by providing the screen 180 with a radius of curvature sub-
stantially greater than that of the rotor assembly 175, and
offsétting the axes of rotation of rotor assembly 175 from the
geometric center of head. 75, such that the rotor bars coverage
toward the screen and more heavily load the aerated fiber bed
186 and increase the fiber throughput.

It is also anticipated that the forming surface may take
the form of a perforate or foraminous rotatable cylinder provided
with an internal vacuum. One or more forming heads 75 could be

mounted in series thereon.
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Of course, the forming head 75 may be mounted in any desired
configuration above the forming wire 80, i.e. at a 90° angle to
that shown in FIGURE 3, producing a relatively narrow, high
basis weight web, at a high forming wire speed. The %orming~
head may likewise be angularly related to the forming wire in
any manner producing the basis weight profile desired.

Those skilled in the art will appreciate that there has
herein been described a novel web forming system characterized
by its simplicity and lack of complex, space-consuming, fiber
handling equipment; yet, which is effective in forming air-laid
webs of dry fibers at commercially acceptable production speeds
irrespective of the basis weight of the web being formed. At
the same time, the absence of cross-flow forces insures that the
finished web possesses the desired controlled C.D. profile which

may be either uniform or non-uniform.
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CLAIMS

1. A method of forming an air-laid web of dry fibres
comprising conveying individual fibres and soft fibre-flocs in
an air stream through a screen and a forming head onto a
relatively moving forming surface so as to produce an air-laid
web characterised in that the fibres are not subjected to any
significant cross direction forces during their passage to,
through and from the forming head so that a substantially
uniform basis weight is maintained in the web in the cross
direction throughout the forming process.

2. A method as claimed in Claim 1 in which from 1% to
10% of fibrous material is separated by the screening step.

3. A method as claimed in either Claim 1 or 2 further
characterised in that the flow rate of fibres through the

forming head is in the range of 51bs./hr./sq. inch. to

1.501bs/hr./sq. inch.

4, A method as claimed in any of the preceding claims

further characterised in that the nit level of the air-1laid

.web- is from O to 3, the basis weight being from 131bs/2880

sq. ft. to in excess of 401bs/2880 sq. ft.

5. A method as claimed in any of the preceding claims
characterised in that the air-laid web has a cross-directional
coefficient of variation in the range of zero to 5%.

6. A method as claimed in any of the preceding claims
further characterised in that the fibrous materials are fibres

which are ”opéned" prior to delivery to the forming head and
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are delivered to the forming head suspended in an air stream

in which the air-to-fibre ratio is in the range of 200 to 600
ft.s/lb., and such air-to-fibre ratio being maintained throughout
the formafion of the web.

7. A method as claimed in any of the preceding Claims

1 to 5 further characterised in that the dry fibrous materials
delivered to the forming head are in the form of a lightly
compacted feed mat having a controlled cross-directional profile.
8. A method as claimed in Claim 7 further characterised
in that the fibrous materials in said lightly compacted

feéd mat are pre-opened adjacent the forming head and

thereafter are delivered into the forming head.

9. A method as claimed in any of the preceding claims
further characterised in that the fiBrous materials are
discharged from the forming head through a high capacity

slotted screen.

10. Apparatus for forming a quality web of air-laid

dry fibres on a high speed production basis comprising, a
movable foraminous forminé surface; at least one forming --- - :
head mounted over the forming surface; means for delivering

dry fibrous materials to the forming head; means for conveying
the dry fibrous materials through the forming head in a

rapidly moving aerated bed of individualised fibres, soft

fibre flocs, and aggregated fibre masses while maintaining

the forming head substantially free of fibre grinding and
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disintegrating forces; means for continuously separating
undesirable fibrous materials delivered to the forming head

from the aerated bed and an enclosed forming zone situated
between the forming head and the forming surface; means for
conveying the fibrous material from the forming head through

the forming zone to the forming surface in a rapidly moving

air stream and for air-laying the individualised fibres and

soft fibre flocs on a movable foraminous forming surface so

as to form an air-laid web of randomly oriented dry individua-
lised fibres and-soft-fibre flocs on the surface during

movement thereof wherein means are provided substantially

to eliminate cross flow forces as the fibrous material

passes through the apparatus so that the basis weight of the
fibrous material may be maintained substantially constant in

the cross direction.

11. Apparatus as claimed in Claim 10 wherein the means for
moving the foraminous forming surface ﬁay be adjusted so as to select
a- speed so as to produce an air-laid web having a nit level

of from "O" to "3" and any specific desired basis weight in
1bs./2880 £r.2 ranging from at least as low as 131bs./2880 £t.2

to in excess of 401bs./2880 ft.z.

12. Apparatus as claimed in either Claim 10 or 11 wherein
the fofﬁfﬁémﬁgéawtompfises an elongate housing having a semi-
cylindrical wall portion, a full-width fibre inlet and first

and second full-width discharge openings being formed in the
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semi-cylindrical wall portion, the first discharge opening
having a semi-cylindrical slotted séreen mounted therein
having the same radius of curvature as the semi-cylindrical
wall portion, the second discharge opening comprising a full-
width tangential separator slot, means being provided for
continuously introducing a high volume air stream into the
housing.

13. Apparatus as claimed in any of Claims 10 to 12
wherein the means for conveying the individualised fibres

and soft fibre flocs from the forming head towards the
movable forming surface comprises substantially parallel,
spaced, full-width upstream and downstream means for confining
the air/fibre stream in the forming zone and which intersect

a line tangent to the midpoint of the semi-cylindrical screenr
with an included acute angle in the range of 5% to 20° and
which intersect the foraminous forming surface with an
included angle'of approximately 339,

14. Apparatus as claimed in Claim 12 wherein the means
for conveying the dry fibrous materials through the forming
head in a rapidly moving aerated bed includes a rotor assembly

having n (where "n" equals any whole integer greater than "1")

suitable for generating a negative pressure zone in its wake
during rotation of the rotor assembly and wherein the
outermost surfaces of the bars are spaced inwardly from the

semi-cylindrical wall portion and screen. °

-
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15. Apparatus as claimed in Claim 14 wherein the space
between the outermost surfaces of the bars and the semi-
cylindrical wall portion and screen is on the order of 0.10"
to 0.25".

16. Apparatus as claimed in any of Claims 10 to 15

wherein the means for eliminating cross flow forces so as to

maintain a controlled cross-directional mass quantum dispersion

of fibres during transit of the air/fibre stream to the forming
head comprises a duct having a series of spaced apart
partitions extending the full-length of the duct and which
separate the duct into a plurality of separate adjacent

flow channels.

17. Apparatus as claimed in Claim 12 wherein a full-
width classifying air jet is mounted in the semi-

cylindrical wall portion upstream of the tangential separator
slot for introducing a full-width classifying air stream
radially into the housing so as to intersect the aerated

bed of fibrous materials prior to transit of the aerated

bed past the separator slot so as to divert a substantial
portion of the individualised fibres and soft fibre flocs
radially inward while permitting aggregated fibre masses to
be centrifugally and tangentially discharged from the

housing through the separator slot.

18. Apparatus as claimed in Claim 17 wherein the air
defining the classifying air stream is supplied at a pressure

in the range of 30" to 100" H,0,
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19. Apparatus as claimed in Claims 12, 17 or 18 wherein
the slotted screen is oriented with the long dimensions of the
screen extending longitudinally across the elongate housing,
20. Apparatus as claimed in Claim .19 wherein the

short slot dimension of said slotted screen define screen
openings in the range of .025 to 0.2 in width.

21. Apparatus as claimed in any of Claims 12 or 17 to 20
wherein the slotted screen has from 30% to 55% open afea.

22. Apparatus as claimed in any of the preceding Claims
10 to 21 wherein the means for delivering the dry fibrous
material to the forming head is such that the material is
delivered in the form of a full-width lightly compacted feed
mat.

23. Apparatus as ciaimed in any of the preceding Claims
10 to 21 wherein the means for delivering the dry fibrous
material to the forming head is such that the material is
delivered in the form of individual fibres separated from a
full width 1lightly compacted feed mat, the separation occuring

adjacent the forming head.

\]
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