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57 ABSTRACT 

Process and apparatus for pneumatically spreading 
thin graphite or other carbon filaments from a tow 
bundle to form a sheet or tape in which the filaments 
are maintained in parallelism. The process includes 
passing the tow through at least one slot venturi 
spreader in which the tow is pulled through the 
spreader in a direction opposite to the direction of pri 
mary air flow through the venturi. For certain pur 
poses use is made of first and second spreader units. 
Each of these units may have at least two side-by-side 
rows of slot venturies and at least two stacked mod 
ules whereby to process a plurality of tow bundles si 
multaneously. 

6 Claims, 6 Drawing Figures 
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1. 

PNEUMATIC SPREADING OF FLAMENTS 

BACKGROUND OF THE INVENTION 
It is known in the art to utilize venturijets to "fluff' 

or lay open bundles of fibrous strands, commonly 
known as "tow,' such, for example, as filaments of vis 
cose rayon for textile purposes, or crimped cellulose 
fibers of the kind used in the manufacture of cigarette 
filters. In such prior art the filaments are separated for 
a number of purposes such as to desulphurize, wash, 
bleach or dry them or, in the case of cigarette filters, 
to increase the filtration efficiency. For such purposes 
there is no rigid requirement for uniform unidirectional 
laying-down of the fibers in such a way that the end 
product is of exact and predetermined thickness. Par 
ticularly lacking in the prior art is teaching of utilizing 
venturi jet means for spreading a tow of graphite, or 
other carbon filaments, in order to form a heat resistant 
sheet or tape of extreme thinness and great strength, 
and which is well adapted for the manufacture of struc 
tural components subjected to high temperature and 
stress, for example missile components, wing panels, or 
tail assemblies of aircraft and the like. 
Graphite filaments, perse, have been developed with 

high strength and stiffness characteristics which are 
well adapted for use in laminated, reinforced, plastic 
structural components. Usually such graphite filaments 
have been manufactured for use by the textile industry, 
utilizing pyrolysis of synthetic fibers (rayon, polyacryl 
onitrile, etc.). Such fibers are available in loosely 
twisted continuous tow bundles having a large number 
of individual filaments, for example from 2,000 to 
40,000 filaments which may be about 0.00025 or 
0.0003 inch in diameter, the tow being packed in bales 
or on spools. It has been my endeavor to provide for the 
utilization of such graphite filaments in the manufac 
ture of laminated plastic components. For such use, the 
filaments must be combined unidirectionally into uni 
form, ultrathin sheets or tapes, in order to achieve max 
imum strength with minimum weight. Previous at 
tempts to combine the filaments in the manner needed 
to make such components have not been notably suc 
cessful, principally because of difficulties encountered 
in collimating the individual filaments of the tow with 
out formation of gaps and angular overlaps. 

SUMMARY OF THE INVENTION 

With the foregoing in mind it is the primary object of 
the present invention to provide for production of very 
thin sheets or tapes of truly parallel graphite filaments, 
which tapes may be several inches wide, of the order of 
a thousandth of an inch in thickness, and almost com 
pletely free of gaps or regions of angular overlap. 
More specifically, my invention makes it possible to 

combine graphite filaments into uniform thin sheets 
formed of unidirectional filaments, and which sheets 
may, for various applications, have considerable varia 
tion in thickness. By way of example, thicknesses from 
about 0.001 to about 0.008 inch are very useful. In ac 
cordance with an aspect of my invention it is possible 
to form sheets from a batch of tapes of predetermined 
length corresponding to the desired sheet length, or if 
desired to form tape-like sheets by a continuous pro 
cess in which a plurality of extended tapes are formed 
simultaneously. 
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2 
In summary, this invention is featured by the fact that 

it is possible to make graphite sheets an order of magni 
tude thinner than has previously been possible, with un 
usual uniformity of filament dispersion, and with mini 
mum damage - such as results from breaking, fuzzing, 
or knotting - during the manufacturing process. 

In achievement of these objectives, I utilize spreader 
means comprising a self-contained unit, preferably al 
though not necessarily including a plurality of modular, 
slot-type venturi jets, and from which unit the tow is 
pulled in a direction opposed to the direction of pri 
mary air flow through said jets. Preferably, in the con 
tinuous process, I utilize separate preblower and final 
spreader units and, in at least the final unit, the tow is 
pulled in a direction as mentioned just above. 

BRIEF DESCRIPTION OF THE DRAWINGS 
In the accompanying drawings: 
FIG. 1 is a diagrammatic view of a machine con 

structed in accordance with the principles of this inven 
tion and adapted to form sheet-like tapes by a continu 
ous process, in which a plurality of tapes are formed si 
multaneously and then combined into a single sheet or 
tape and stored for use; 
FIG. 2 is an enlarged, perspective view, with housing 

portions broken away to facilitate illustration, showing 
modular preblower and final spreader units of the kind 
preferably employed in the machine of FIG. 1; 
FIGS. 3A and 3B are sectional views of a single ven 

turi module included, respectively, in the preblower 
and the final spreader illustrated in FIG. 2, FIG. 3A 
being a section looking at a single module of the pre 
blower in the direction of the thickness of the tape 
being fabricated, and 3B being a section looking at a 
single module of the final spreader in the direction of 
the thickness of the tape; and, 
FIGS. 4A and 4B are sectional views corresponding, 

respectively, to FIGS. 3A and 3B, FIG. 4A showing the 
preblower module as it would appear if viewed in the 
direction of the width of the tape, and FIG. 4B showing 
the spreader as it would appear if viewed in the direc 
tion of the width of the tape. 

It should be understood that FIGS. 3A through 4B 
illustrate venturi modules which gave very good results 
in practice and that the actual modules were about 
three times the scale of these figures. In the interest of 
clarity in illustration the thickness of the tapes is shown 
greatly exaggerated in FIGS. 4A and 4B. 
DETAILED DESCRIPTION OF THE INVENTION 

With initial reference to FIG. 1 several graphite tow 
bundles, in this case four, are shown at 10, 11, 12 and 
13 being drawn by suitable friction rollers, for example 
rollers of soft rubber, from separate supply spools. The 
rollers, designated generally by the reference numeral 
14, may be driven by any suitable means (not shown), 
and the supply spools appear at 5. The tapes, in re 
sponse to the pull of roller means 16 and 17 (right-hand 
portion FIG. 1), at least one of which is surfaced with 
friction material, are drawn through the apparatus 
shown in the mid-portion of the figure. In a preferred 
continuous process this apparatus comprises a first slot 
type venturi spreader 18, which serves as a preblower 
for separating and effecting partial alignment of the in 
dividual filaments of tow passed therethrough, and a 
second or final slot-type venturi spreader 19 which is 
specially designed to collimate the individual filaments 



3,795,944 3 
of the spread tow to form them into a smooth and regu 
lar tape of predetermined width and thickness, and the 
filaments of which are substantially devoid of gaps or 
angular overlaps. As is explained below, the second slot 
venturi spreader is featured by the provision of air flow 
therethrough in a direction opposite to the direction of 
movement of tow through the venturi of said second 
spreader. As will be explained later ith reference to 
FIG. 2, both the preblower 18 and the spreader 19 
comprise slot venturi devices. Preferably a plurality of 
such devices are arranged in modular array, in order to 
process the tape bundles 10 to 13 simultaneously. In 
the region between the units 18 and 19, where the tow 
bundles have been partially fluffed or spread, said bun 
dles are designated by the numerals 10a, 11a, 12a and 
13a and are shown as feeding into the ingress end of the 
final spreader 19. In the latter unit the spread tow is 
formed into very thin sheets of truly parallel graphite 
filaments in which form they leave the final spreader, 
as shown in FIG. 1 at 10b-13b, as thin ribbons the 
width of the exit openings. In this particular case four 
tapes have been formed simultaneously and they are 
combined into a single tape of predetermined width 
and thickness, by passing them through a simple device 
having a combining passage, for example the device 
shown at 20, after which the resultant single tape T 
passes over an idler roller 21 and is fed to a roller 22 
which is submerged in a bath of suitable impregnating 
material contained within a tank 23. Impregnating ma 
terials of a variety of types can be used, depending 
upon the specifications of the particular sheet or tape 
being fabricated. Usually the material will be of plastic 
resin, epoxy, phenolic, or polymide type, and the resin 
may be applied in a dip tank immersion process, as 
shown, or by other processes, as desired. The combined 
tape, after passing through the treatment tank 23, still 
subject to the pull of friction rollers 16 and 17, is joined 
to a carrier tape 24 which may, for example, comprise 
parchment paper drawn from a storage roll 25. The 
final tape is shown at T', after it has been combined 
with the paper carrier which is applied merely to facili 
tate handling and packaging. The impregnated final 
product is then passed through suitable drying means, 
for example the drying tube shown at 26, through 
which warm air is caused to flow. The excess solvent is 
removed from the resin by the drying operation. It will 
be understood that multiple or elongated drying tubes 
may be utilized if additional drying time is required. 
The impregnated tape mounted on the carrier paper 
exits the drying tube and is wound on a reel 27 for stor 
age and shipment. 

It should be understood that while a machine has 
been described for practicing a continuous process in 
which a plurality of tapes of extended length are 
formed simultaneously, the invention is primarily con 
cerned with the nature of the venturi units 18 and 19 
and with the manner in which they are used. In one as 
pect of my invention, it is contemplated that use may 
be made of only a single spreader through which the 
tape and the primary air move in counterflow arrange 
ment. Generally, in such practice of the invention, re 
peated passes of tow would be made through the ven 
turi device. In accordance with this aspect of the inven 
tion a plurality of tapes of predetermined length may be 
formed separately, after which they may be positioned 
in side-by-side relation to form a sheet of any desired 
width and then treated with plastic resin. This may 
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4. 
readily be accomplished by pouring the resin on the 
sheet and spreading the same in any convenient man 
ner, as for example by applying a roller to the sheet to 
spread the impregnating material uniformly thereover. 
Preferably, however, I utilize both a preblower unit 18 
and a spreader unit 19 in the practice of a continuous 
process of the kind described with reference to FIG. 1. 

FIG. 2 illustrates the preblower and spreader of the 
invention in more detail, the view showing two passes 
of tow traversing the preblower and spreader units, 
which units have been angled somewhat in the figure to 
facilitate illustration. While the invention may be em 
bodied in, and described with reference to a single ven 
turi module, as has been done in FIGS. 3A to 4B, units 
of the kind contemplated by the invention preferably 
comprise the FIG. 2 arrangement of a plurality of ven 
turi devices stacked in modular array. While the pro 
cessing of four tapes in the apparatus shown diagram 
matically in FIG. 1 indicates that each of the devices 18 
and 19 includes four modules, it should be borne in 
mind that the number of modules is a matter of conve 
nience. In one embodiment of my invention I have 
found it convenient to provide twelve venturi modules 
in each of the preblower and spreader units, this being 
accomplished by combining two adjacent rows of ven 
turi units each of which is six units high. 
Considering first the preblower unit 18 of FIG. 2, it 

will be seen that this device is of rectangular box-like 
shape having side walls 28 and 29, bottom and top walls 
30 and 31 and intermediate partitions 32 which extend 
vertically, as the unit is viewed in FIG. 2, to subdivide 
the housing into two stacks of six units. It should be un 
derstood that the housing would include a left end wall 
extending throughout the height thereof. This wall has 
been broken away in the lower portion of FIG. 2 - as 
has the right end wall of the spreader unit 19 - to show 
the details of interior construction. A plurality of paral 
lel plates 33 extend through the length and width of the 
housing, and each pair of confronting plates is provided 
with partially cylindrical segments 35a and 34b which 
bridge the space between the side walls 28 29 of the 
housing, and preferably extend through the intermedi 
ate partition structure 32. Each confronting pair of 
segments defines the throat of a slot type venturi 
through which the tow is moved during the spreading 
operations. Each subcompartment, or module, is pro 
vided with a thicker plate or block 35 which is pro 
vided, at 36, with an aperture extending throughout the 
length thereof and through which inletted tow (see 10 
and 11) is fed toward the slot venturi where it is fluffed 
and separated into individual filaments. The tow, after 
fluffing or spreading in the venturi throat passes out of 
the housing of unit 18, as is represented at 10a and 11a 
in FIG. 2. Each subcompartment is provided with an air 
inlet conduit, and several such conduits are designated 
with the numeral 37. As will be explained below, with 
particular reference to FIGS. 3A through 4B, air under 
pressure is inletted to the space above and below the 
feed block 35 and passes in laminar flow across the 
length of the block and toward the throat of the slot 
venturi. In the preblower 18 this airflow is in the direc 
tion of movement of the tow. 
Now with particular reference to the right hand por 

tion of FIG. 2, that is the portion which illustrates the 
final spreader 19, it will be seen that this device, into 
which the tow 10a and 11a is fed from the preblower 
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18, is similar in external configuration and general in 
terior layout to the preblower 18. When considered 
specifically, however, it will be seen that the spreader 
is significantly different in several respects. The tow en 
ters the spreader through the open space between ad 
joining plates. A pair of such plates are shown in this 
figure at 38 and 39, and it will be seen that these are 
of the same size and general configuration as the plates 
employed in the device 18. 
After entry between the confronting surfaces of 10 

plates 38 and 39 the partially spread tow (see tow 11a) 
moves to and through the slot venturi passage defined 
by confronting segments 40 and 41 carried by plates 38 
and 39. The tow then passes between a pair of closely 
spaced plates 42 and 43, the right hand end of which 
plates form an exit opening 44. 

in particular accordance with this invention, air, 
which is inletted under pressure through passages 45, 
is constrained by a dam or wall 46 to flow toward the 
right hand end of spreader 19, thence around the free 
edge of the confronting plates (see for example plate 
39) after which it flows between the surface of said 
plate and the confronting surface of the plate 43 which 
defines an exit. Air moving in this way then flows 
through the slot venturi defined by segments 40 and 41 
and exits from the left hand end of the housing of unit 
19. This pattern of air flow, as well as that which pre 
vails in the device 18, has been indicated by arrows in 
the drawing. 

It will be noted that in each spreader device each 
module has a feed opening at one end and a diverging 
or expansion chamber toward the other end. Also, in 
both devices, there is a slot venturi and upper and 
lower sheets of air are introduced for flow there 
through. It is important to note that in the spreader 19 
the partially spread tow enters the expansion chamber, 
or converging part of the venturi against the flow of air 
through the venturi device. The tow is further fluffed 
as it approaches the restriction of the venturi nozzle 
and, after it passes through the nozzle, fluffing and col 
limating continues as it encounters sheets of airflowing 
in direction opposite to the direction of tow move 
ment. The tow is then virtually perfectly collimated 
into a thin sheet of fiber as it is pulled through the final 
slit opening 44, for example by the drive rollers shown 
at 16 and 17 in FIG. 1. It is this movement of tow, in 
countercurrent to the direction of air flow through the 
spreader, which particularly characterizes practice of 
this invention. 

In order further to facilitate understanding of the two 
spreaders, that is, the preblower 18 and the final 
spreader 19, reference will now be had to the single 
modules illustrated, on a larger scale, in FIGS. 3A 
through 4B. As will now be understood, a plurality of 
modules similar to those shown in these figures com 
prise the stacked arrays shown in FIG. 2. 
FIG. 3A illustrates the preblower spreader unit in 

section looking in the direction of the thickness of the 
tape being fabricated, that is, FIG. 3A shows the width 
of the fluffing tape developing, for example, from tow 
bundle 10, FIG. 4A is taken at right angles to FIG. 3A 
and shows the apparatus looking in the direction of the 
width of the developing tape 10a, that is FIG. 4A shows 
the thickness of the tape (exaggerated). Referring 
more particularly to FIG. 4A, it will be seen that air 
under pressure is entering a pair of plenum spaces 47 
and 48 which lie outwardly of and are partially defined 
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by confronting plates 33. Air, after entering at 37, is 
constrained by the walls 49 to flow rearwardly in the 
module, that is toward the left end as viewed in FIG. 
4A, where it turns reversely and flows between the 
plates 33 and the block 35 through which the tow is 
being introduced. The venturi-defining segments 34a 
and 34b also appear in this drawing, and the direction 
of tow movement has been labelled on the drawing. 
With regard to FIG. 4A it will be seen that a laminar 
flow of air occurs between the two plates 33 and the 
confronting surfaces of block 35 from whence the air 
passes through the throat of the slot venturi in the di 
rection of tow movement. The flowing air "picks up' 
the tow bundle and converges with it into the slot ven 
turi throat. As the air diverges, in passing out of the 
venturi throat, it causes the filament bundle to expand 
with the air (see central part of FIG. 3A), and the 
fluffed bundle 10a exits at the right end of device 18 
and enters the left end of the spreader device 19. In the 
transitional phase between the two devices, as appears 
to best advantage by comparing FIGS. 3A and 3B, it is 
seen that the tow while considerably fluffed or spread, 
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is not yet collimated. Collimation of the tow occurs in 
the spreader 19, largely in the venturi throat, as will 
now be described in greater detail. However, it should 
again be pointed out that while use of the spreader, and 
the particular construction thereof, is characteristic of 
the broader aspect of my invention, my preferred con 
tinuous tape-producing process utilizes both the 
spreader and the preblower. 

In the spreader (FIGS. 3B and 4B) the partially cylin 
drical segments which define the slot-like throat of the 
venturi have again been identified, at 40 and 41, and 
the air is inletted under pressure through passages two 
of which appear at 45. As was described with reference 
to FIG. 2, the confronting plates within the module 
bear numerals 38 and 39 and their adjacent faces carry 
the segments 40 and 41. The outboard sides of these 
plates define a pair of plenum chambers designated 50 
and 51. The air is confined by the dams shown at 52 
and constrained to flow in each of the plenums 50 and 
51 across the outboard faces of the plates 38 and 39, 
whence the air returns in laminar flow across the exte 
rior surfaces of plates 42 and 43, the interior surfaces 
of which form the exit opening 44 for the collimated 
tow 10b. This air flows backwardly through the venturi 
throat, in countercurrent to the direction of tow move 
ment, and exits at the left end of the spreader 19 as that 
device appears in FIG. 4B. 

In summary regarding the operation of the final 
spreader, the fluffed and partially aligned tow 10a 
enters the unit 19 opposing the air flow direction in the 
venturi chamber. Since the tow is flowing in the oppo 
site direction, it must be pulled through the spreading 
gun by the roller 27. As it passes through the venturi 
restriction, it is recombined vertically, but not laterally, 
resulting in a very thin ribbon the width of the exit ori 
fice. While shown of exaggerated thickness in the draw 
ing, the actual thickness of the collimated tape would 
be about 0.001 inch, a dimension which is governed by 
choice of the gap at the venturi throat, the width of the 
exit orifice, and, to some extent, by the spacing be 
tween plates 42 and 43. 
As the collimated tow enters the slot exit channel, de 

fined by plates 42 and 43, it leaves the primary air 
stream, although there occurs a slight air flow through 
and out of the channel along with the tow. This "back' 
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air flow, in the same direction as the tow ribbon, is a 
very minor flow as compared with the primary flow 
back through the venturi, but further aids in collimat 
ing the filaments. 

I have found that much improved results, from the 
standpoint of the tape smoothness, collimation and 
thinness of a graphite tape are achieved when the pri 
mary air passes through the spreader in a direction op 
posite to the direction of movement of the filaments 
therethrough. In the spreading of a tow consisting of 
approximately 10,000 graphite filaments of a diameter 
in the region of 0.0003 inch, to make a tape 3 inches 
in width, and 0.001 inch in thickness, the following 
structural dimensions and air pressures have yielded 
very good results. In this apparatus, the tape should be 
withdrawn from the spreader at a rate from about 25 
to about 60 feet per minute. 

In a system which proved to be very satisfactory cer 
tain dimensions, as well as the input air pressures, are 
applicable to both the preblower spreader and the final 
spreader modules. In modules of both types the length 
of the modules was approximately 16 inches, the tow 
exit orifices were 3 inches wide (FIGS. 3A and 3B), al 
though widths as small as % inch are useable depending 
on the desired tape width. Air pressures between 20 
and 100 psi, measured at 4 inch diameter air inlet ori 
fices, were found satisfactory. The air pressure is ad 
justed by the operator until proper spreading is 
achieved, which depends primarily upon the degree of 
initial tangle in the tow, the desired spread width, and 
to some degree upon the humidity. The main interior 
plates, which extend substantially throughout, the 
length of modules of each type, were about 15% inches 
in length typically 4 inch thick, and were spaced from 
the top and bottom module walls to provide plenum 
chambers 2 inch high, as those chambers are viewed 
in FIGS. 4A and 4.B. The spacing between confronting 
surfaces of these plates was % inch, and in each type of 
module the slot of the venturi throat was a % inch gap, 
presented between partially cylindrical segments hav 
ing a radius of about 3% inches and which segments 
make contact with the plates through a distance equal 
to 3% inches. 

In the preblower module (FIGS. 3A and 4A) the 
most restricted section of the slot-like throat was 
spaced 9% inches from the end of the module at which 
the tow is inletted, and the inlet block was 5/16 inch 
thick, leaving a 9/32 inch airspace between each side 
of said block and the confronting surface of the main 
plate which cooperates to form the plenum. The tow 
passage through the inlet block was 0.230 inch in diam 
eter, and the block extended into the module 5 inches 
toward the venturi. The main interior plates were 
spaced 4 inch from the end wall of the module, at the 
tow inlet end. 

In the final spreader module (FIGS. 3B and 4B) the 
restricted venturi throat was spaced 9% inches from the 
tow outlet end of the module. The plates which form 
the exit opening of the final spreader were 4 inch in 
thickness, spaced aparts inch, and they extended from 
the outlet end 5 inches toward the venturi. The gap for 
air flow between each of these latter plates, and the 
confronting plates which cooperate with the module 
wall structure to define the plenum, was equal to 6 
inch. The main interior plates were spaced 2 inch from 
the end wall of the module at the tow outlet end. 

I claim: 
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1. In apparatus for spreading a tow of filamentary 

material to form a thin tape of collimated continuous 
filaments, means defining a slot venturi through which 
the tow is passed, passage means through which air is 
inletted for flow through said venturi, and co-extensive, 
spaced plates disposed to opposite sides of said slot 
venturi, said plates further extending upstream and 
downstream of the latter and being so cooperably dis 
posed with respect to said passage means and sad slot 
venturi as to direct the inletted air over said tow as it 
is caused to pass between said plates and through said 
slot venturi. 

2. In apparatus for spreading a tow of filamentary 
graphite material to form a thin tape of substantially 
parallel continuous filaments, a slot venturi spreader 
through which the tow is passed, means for pulling the 
tow through the venturi of said spreader during the tow 
spreading operation, passage means for inletting air to 
said spreader, and means for establishing a laminar 
flow of air and for causing such air to flow through the 
venturi in a direction opposite the movement of tow 
therethrough, said last means comprising a pair of 
plates spaced one from the other and each disposed to 
an opposite side of said slot venturi, said plates being 
coextensive with one another along the path of move 
ment of said tow, to regions upstream and downstream 
of the slot venturi, said plates furtner being so cooper 
ably disposed with said passage means for inletted air 
as to direct inletted air across oppositely facing sur 
faces of said plates, thence across confronting surfaces 
of said plates and into the slot venturi. 

3. Apparatus in accordance with claim 1, and further 
characterized by the inclusion of an elongated housing 
having openings at either and thereof in provision for 
passage of tow therethrough, said pair of plates being 
spaced from one another in said housing to accommo 
date passage of the tow therebetween, and spaced from 
the housing walls to define air passages, confronting 
faces of said spaced plates having means defining the 
slot venturi. 

4. Tow spreading apparatus for use in the simulta 
neous fabrication of a plurality of thin tapes of parallel 
continuous filaments comprising: 
confronting wall structure defining a generally rect 
angular housing having a plurality of spaced, gener 
ally parallel, plates extending therethrough and de 
fining a plurality of elongated, superposed, tow 
treating modules each of which has means extend 
ing across its width and defining in said module a 
slot type venturi; 

structure defining openings in two opposed portions 
of said housing to accommodate movement of a 
tow bundle into each said module, passage of the 
bundle through the venturi of each module, and 
exit of the spread tow from the module; and 

means for inletting air to each module and for pro 
moting laminar flow of such air through the venturi 
of the module. 

5. In a process for spreading a tow of filamentary ma 
terial to form a thin tape of substantially parallel con 
tinuous filaments, the steps of spreading and effecting 
partial alignment of the individual filaments of the tow 
by passing the tow to a first venturi type spreader while 
causing air to flow through the venturi of said first 
spreader while causing air to flow through the venturi 
of said first spreader in the direction of movement of 
tow therethrough; and collimating the individual fila 
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ments of the spread tow to form them into a smooth 
and regular tape the filaments of which are substan 
tially devoid of gaps or overlaps, by passing the spread 
tow through a second venturi type spreader while caus 
ing air to flow through the venturi of said second 
spreader in a direction opposite to the movement of 
tow through said second spreader. 

6. For use in apparatus for spreading a tow of graph 
ite filaments caused to move along the line of length of 
such filaments to form a thin tape of substantially paral- 10 
lel continuous filaments: a first slot type venturi 
spreader for fluffing and effecting partial alignment of 
the individual filaments of tow as it is moved there 
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O 
through; means providing for flow of air to the venturi 
of said first spreader in the direction of movement of 
the tow therethrough; means disposed to receive the 
fluffed tow as it is moved from said first spreader and 
for collimating its individual filaments to form them 
into a smooth and regular tape the filaments of which 
are substantially devoid of gaps or angular overlaps, 
said last means comprising a second slot venturi 
spreader through which the tow is moved; and means 
providing for flow of air through the venturi of said sec 
ond spreader in a direction opposite to the movement 
of tow through said second spreader. 
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