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ABSTRACT OF THE DISCLOSURE 

A method and apparatus for aligning ?bers, such as 
a-alumina whiskers, for directionally reinforcing com 
posite materials, by pneumatically conveying individual 
?bers upwardly through an annular passageway de?ned 
by inner and outer frustoconical elements, with the major 
{bases of both located at the top thereof. Preferably, the 
base angle of the outer segment is slightly larger than that 
of the inner segment so that the width of the passageway 
decreases with elevation as the cross-sectional area re 
mains relatively constant. A mat is formed on a porous 
closure located at the top of the passageway. Means may 
be provided for continuously removing the mat as it is 
formed. 

Introduction 

The present invention relates to improved means for 
aligning and collecting separated ?bers from a ?brous 
mass. More particularly, this invention relates to a method 
and device for aligning pneumatically separated ?bers 
and then collecting these ?bers in their aligned state. 

Background of the invention 

Directionally tailoring the properties of ?ber-reinforced 
composites often requires orientation of ?ber reinforcing 
materials. High strength materials used for this purpose, 
such as u-alumina whiskers, are usually produced in en 
tangled masses which are difficult to separate. While 
others have invented effective means to separate, to 
ciassify according to size, and to collect ?bers from a 
?brous mass, there has heretofore been no effective means 
for automatically aligning these ?bers to facilitate their 
orientation in ?ber-reinforced composites. 

Objects of the invention 

It is therefore an object of the present invention to pro 
vide a method and means for aligning and collecting 
individual ?bers. 

It is also an object of this invention to provide, in an 
integrated combination, a means for pneumatically sepa~ 
rating and a means for pneumatically aligning ?bers. 
Another object of this invention is to provide a system 

for separating aligning, and collecting a-alumina whiskers 
from an entangled mass thereof. 

Brief summary of the invention 

These and other objects are met, in accordance with 
the present inevntion, by a vertical passageway, annular 
in horizontal cross-section, a pneumatic means for con 
veying ?bers upwardly through this passageway, and a 
means for collecting aligned ?bers at the top of the 
passageway. Generally, this passageway is de?ned by two 
frustoconical segments having common, vertical axes and 
major bases located at the top thereof. The inner frusto 
conical segment may, of course, also be part of a cone 
or modi?ed cone. A porous barrier or other collection 
means disposed at the top. of the passageway collects or 
removes these aligned and separated ?bers. In a preferred 
form, the base angle at the top of the larger or outer 
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frustoconical segment is larger than that of the inner or 
smaller frustoconical segment so that, as the passageway 
becomes narrower with increasing elevation, it maintains 
a relatively constant cross-sectional area at all elevations. 
This minimizes turbulence in the passageway and enhances 
the tangential alignment of ?bers in the annular shape 
of the passageway. 

Detailed description of the invention 

While the speci?cation concludes with claims par 
ticularly pointing out and distinctly claiming the subject 
matter of the present invention, this invenion may be 
beter understood from the following detailed description, 
taken in conjunction with the drawings, in which: 
FIGURE 1 is a cross-sectional view of ?ber separating 

apparatus, in which is incorporated the preferred form 
of ?ber aligning means of the present invention; 
FIGURE 2 is a detailed sectional view of one form of 

aligned ?ber collection means which may be used in the 
present invention; and 
FIGURE 3 is a cross section of the detail shown in 

FIGURE 2. 
Refering more speci?cally to FIGURE 1, there is shown 

a pneumatic separatory chamber 1 with a ?brous mass 2, 
to be separated, disposed at the bottom thereof, on a 
screen 3, and nozzle 4 for producing a pulsating gas jet 
?owing upwardly through the ?brous mass and the sepa 
ratory chamber. Separatory chamber 1 also includes an 
opening 5 with a plug 6 therein. Additional ?brous mass 
may be added to the separatory chamber 1 through open 
ing 5. Directable non-pulsating gas inlet means 7 are 
included to enhance separation of ?bers in the separatory 
chamber 1. At the top of sepatory chamber 1 is a ?ber 
alignment means 8 comprised of an annular vertical pas 
sageway 9 de?ned by an inner wall 10 having a modi?ed 
cone shape, and an outer frustoconical wall 11. Fibers 
aligned in alignment means 8 are collected at the top 
thereof by a porous closure 12 covering the exit of an 
nular vertical passageway 9. The width, i.e. the difference 
in length of the radii of the inner and outer circum 
ferences, of annular vertical passageway 9 somewhat 
smaller than the length of a majority of the ?bers to be 
aligned. Alignment means 8 is covered by a cap 13 which 
includes gas escape means. 

In order to operate alignment means 8 in a continuous, 
as opposed to a batch process, a means 14 is provided for 
slowly rotating the inner wall 10 of passageway 9 and 
the porous closure 12 at the top of pasageway 9. To 
facilitate this rotating movement, a material having a low 
coe?icient of sliding friction is used at the outer edge of 
porous closure 12 and at the point 15 where rotating 
means 14 enters alignment means 8. The entry point 15 
for the rotating mechanism 14 may comprise a resinous 
bushing which is part of closure cap 13 and which in 
cludes small holes 16 for providing the gas escape means 
in enclosure cap 13. 
The low coe?icient of sliding friction material at the 

outer edge of porous closure 1 may be provided by 
using such a material for the porous closure 12. Thus, 
a polytetra?uoroethylene (such as that commercially 
available from Du Pont as “Te?on”) disc with small 
holes drilled around the outer edge thereof may serve as 
porous closure 12 and eliminate the need for a separate 
low coe?icient of sliding friction material at the outer . 
edge thereof. 

Greater detail of the outer edge of porous closure 12 
and a continuous collection means for aligned ?bers may 
be seen in FIGURE 2. In this detail view are seen pas 
sageway 9, inner wall 10, outer wall 11, and porous clo 
sure 12 along with alignment means cap 13 and resinous 
gasket 17. A tubular conveying means 18, the terminus 
19 of which blocks the top of passageway 9 at one point 
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thereof, enters outer wall 11, through a collection port 
in wall 11, not shown. FIGURE 3, which is a cross sec 
tion of the detail view shown in FIGURE 2, better illus 
trates the relative positions of conveying means 18, and 
passageway 9. Collection port 20 in the outer wall 11 is 
also shown in FIGURE 3. 
As shown, in the preferred embodiment of this inven 

tion, the width of annular passageway 9 decreases with 
increasing elevation while both the inner and outer diam 
eters of the passageway increase. This enhances tangen 
tial alignment of ?bers in the passageway 9, while reduc 
ing or minimizing turbulence in the passageway since the 
cross sectional area of the passageway remains relatively 
constant. Such passageway geometry is preferred for the 
reasons indicated, but other passageway geometries may 
also be used. In particular, inner wall 10 may be formed 
of shapes other than the modi?ed cone shown. These 
other shapes may include, for example, unmodi?ed cones, 
frustoconical segments, etc. 

In a modi?cation of the apparatus, not shown, the ro-_ 
tating and continuous collecting means is eliminated en 
tirely and the apparatus operated in a batch fashion. 
This vform of the apparatus is operated for a period of 
time and a strand of aligned ?bers is then removed from 
the porous closure 12 at the top circumference of pas~ 
sageway 9. 

In still another modi?cation, not shown, suction means 
may be added at the top of alignment means 8 to enhance 
alignment and collection therein. 
With regard now to the continuous operation of the 

apparatus shown in FIGURES 1, 2, and 3, a ?brous 
mass is placed in separatory chamber 1 and a pulsed 
compressed gas ?ow, such as a continuously pulsating 
compressed air jet, is emitted from nozzle 4. The pres 
sure and volumetric flow rate of this gas jet is controlled 
so that it is not substantially more than that required to 
carry the individual ?bers to be separated upwardly 
through separatory chamber 1. The frequencies of pulsa 
tions of the compressed air may vary over a wide range. 
Normally, however, a frequency of 2 to 3 pulses per sec 
ond is used. 
Compressed gas at a pressure slightly below that ema 

nating from nozzle 4 may be admitted to separatory 
chamber 1 through auxiliary jets 7. These jets can be 
adjusted and directed to produce a vortex in the gas flow 
ing upwardly through separatory chamber 1 and thereby 
to enhance the separation of individual ?bers from ?brous 
mass 2. 

As ?bers are conveyed upwardly through separatory 
chamber 1, they tend for aerodynamic reasons to orient 
their longest dimension horizontally. In the alignment 
means 8, the ?bers, in the annular vertical passageway, 
orieht themselves generally tangentially with respect to 
the annular cross section of the passageway. Thus the 
?bers are con?ned to some extent in all dimensions and 
reach the collection point at the top of the passageway 
reasonably well aligned with one another. These aligned 
?bers may be harvested as a mat on the porous closure 
12. Preferably, however, these ?bers are continuously 
withdrawn as a long linearly oriented mass through tu 
bular conveying means 18 as the porous closure 12 is 
rotated at about 1-10 revolutions per hour. The rotating 
movement of porous closure 12 causes ?bers collected 
throughout the circumference of porous closure 12 to be 
separated therefrom as each point on the circumference 
is rotated into registry with tubular conveying means 18. 
The long linearly oriented mass produced in the appa 

ratus and process described above has little integrity as 
produced and must therefore be impregnated with a ma 
trix material. Generally, before and after impregnation 
the strand is also compacted by a series of reducing 
rollers until a very ?ne strand with a high volumetric 
proportion of ?bers is produced. If the matrix material is 
resinous, it may be partially cured at some intermediate 
point in this process and then completely cured after the 

10 

30 

40 

46 

60 

65 

70 

75 

4 
strand has been su?iciently compacted. With a width at 
the top of passageway 9 on the order of 0.25 inch, this 
technique has been used to produce a composite, compris 
ing an epoxy matrix and a multiplicity of u-alumina 
whiskers 1-20 microns in diameter and l-lO millimeters 
in length. In one series of these composites, the average 
volumetric concentration of whiskers was 42% and only 
two of nine composites were below 30 volumetric per 
cent. By comparison, strands of the same material, simi 
larly impregnated, compacted, and cured but differing in 
that the Whiskers were aligned ‘by hand, averaged 30 
volumetric percent, and six out of nine composites were 
below 30 volumetric percent. Since the strength of a com 
posite and alignment of whiskers in a strand are generally 
related to the volumetric percent of high strength rein 
forcement in the composite, these ?gures indicate that a 
much improved strand and method of making such a 
strand are provided by the present invention. 
The integrity of the continuous linearly oriented strand 

of ?bers withdrawn from passageway 9 may be further 
improved by the use of a resin or adhesive-coated collec 
tion ?lament disposed between the inner and outer circum 
ferences of the annular ?ber collection space near the top 
of passageway 9. This collection ?lament is stationary 
in the batch process but moves slowly in the continuous 
process form of the present invention so as to minimize 
the relative motion between the collection strand and the 
porous barrier 12. Aligned ?bers, as collected, adhere to 
this ?lament. The subsequent compacting and heat treat 
ing of the resin-coated ?lament with aligned ?bers col 
lected thereon produces a handleable strand of oriented 
?bers which is not easily destroyed and which has ex 
tremely desirable properties especially in its longitudinal 
direction. In one such strand formed in this way, a col 
lection ?lament comprised of cellulosic thread may be 
used and later burned away during the compacting and 
curing process to improve the density and volumetric 
concentration of ?bers in the ?nal strand. 
While the present invention has been described with 

reference to particular embodiments thereof ‘for purposes 
of clarity and convenience, it should be understood that 
numerous modi?cations may be made by those skilled in 
the art without departing from the invention’s true spirit 
and scope. 
What we claim as new and desire to secure by Letters 

Patent of the United States is: 
1. A method for producing a formed mat of a multi 

plicity of longitudinally aligned ?bers, comprising: pro 
jecting within a container a pulsating vertical gas jet 
through a mass of ?bers to carry said ?bers upwardly 
into a conically annular vertical passageway having a 
cross-sectional width at the upper portion thereof less 
than ‘the longest dimension of said ?bers, said passageway 
terminating with a porous closure thereabove; said ?bers, 
bemg pneumatically and by contact with said annular 
passageway oriented and longitudinally aligned tangen 
tially with respect to said pasageway, are collected as a 
mat upon said porous closure. 

2. A method as in claim 1 further comprising the step 
of rotating said porous closure to facilitate removal of 
said formed mat from said closure. 

3. The method of claim 1 wherein said ?bers are 
a-alumina whiskers. 

4. A ?ber alignment and collection means for pro 
ducing a mat of a multiplicity of longitudinally aligned 
?bers, comprising: 
a container having a vertically disposed, conically an 

nular passageway de?ned by inner and outer coni 
cal walls, said passageway having a cross-sectional 
width at the upper portion thereof less than the 
longest dimension of said ?bers; 

a porous closure means at said upper portion of said 
passageway for collecting said ?bers in an aligned 
condition; and 

means for projecting a pulsating vertical gas jet Within 
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said container upwardly through a mat of said ?bers 3,081,951 3/ 1963 Dyer et al. ___________ __18—1 
3,334,161 8/1967 Gusrnan _____________ __ 18—1 into said passageway. 

5. A ?ber alignment and collection means as in claim 
4 further including means for rotating said closure means. FOREIGN PATENTS 
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