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UNITED STATES PATENT OFFICE 
2,64,288 

APPARATUS AND RETHOD FOR PRODUCING 
THE RIAAOEFLASTC FBERS 

liairc A. (Ciavailines, New York, N. Y., assignor, 
by nines Rae assiggerheats, to Chavannes Sygathetic 
Fibres, E.g., a corporation of SD elaware 
Application March 23, 1942, Serial No. 737,962 

(C. 3-5) 2 Cairns. 

The present invention relates to apparatus and 
a method for the production of fibers, filamentS, 
threads and the like of thermoplastic material, 
and to the product of such method and apparatuS. 
Warious methods in the past have been proposed 

for producing filaments of Synthetic plastic ma 
terials. For example, one of these inethods Com 
prises an extrusion process. Numerous disad 
vantages have characterized these previous meth 
ods, however, such as very low Speed of produc 
tion, high cost, and limitations on the fineness 
of the filament which could be produced. Also, 
in extrusion processes difficulty has been found 
in incorporating pigments into the filaments, 
since a great many of the pigments have particles 
too large to be extruded through the Small ori 
fices required in order to produce very fine fila 
ments or fibers. Moreover, in extrusion processes, 
drying of the filaments presents naYny technical 
difficulties. 
A primary object of the present invention 

to provide apparatus and a method for producing 
fibers, filaments, thread and the like of thermo 
plastic material rapidly, efficiently and economi 
cally. A feature of the present invention is that 
fibers of very small cross-section may be pro 
duced, and pigments may be incorporated directly 
into the fibers. 
Another object of the present invention is to 

s es 

provide apparatus and a method for producing 
a series of fibers oriented with respect to each 
other so that they can be readily spun into 
thread or otherwise operated upon Without the 
necessity of certain heretofore-prevalent card 
ing operations. Thus, for example, with this 
invention fibers may be delivered to a carrier 
belt oriented parallel to one another and Stag 
gered longitudinally with respect to one another. 
Another object of the present invention is to 

produce fibers or filaments having desired shapes, 
with corresponding special properties. Also, 
multi-colored fibers and fibers of other Special 
types may be produced. 
The above-mentioned, as well as other objects, 

together with the many advantages obtainable 
by the practice of the present invention, Will be 
readily comprehended by persons skilled in the 
art by reference to the following detailed de 
scription taken in connection with the annexed 
drawings which respectively describe and illus- : 
trate a preferred embodiment of the invention, 
and wherein 

Fig. 1 is a schematic elevational view of appa 
ratus used in the present invention for produc 
ing fibers or filamentS. 

5 
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Fig. 2 is a plan view of one embodiment of 

roller 6 in Fig. 1. 
Fig. 3 is a greatly enlarged plan view of a por 

tion of the roller shown in Fig. 2, together with 
plastic filaments formed thereon. 

Fig. 4 is a greatly enlarged sectional view of a 
portion of the roller shown in Figs. 2 and 3, to 
gether with filaments formed thereon, the posi 
tion of the section being indicated at 4-4 in 
Fig. 3. 
Fig. 5 is a greatly enlarged plan view of a por 

tion of another embodiment of the roller 6 
of Fig. 1, together with fibers thereon. 

Fig. 6 is a greatly enlarged sectional view 

the 

3 through the embodiment shown in Fig. 5, taken 
in the plane 6-6. 

FigS. 7 and 8 are elevational and cross-sectional 
views, respectively, of a portion of a composite 
fiber including a strip of foil along one side 
thereof. The sectional plane is indicated at 
8-8 in Fig. 7. 

FigS. 9 and 10 are elevational and cross-sec 
tional views, respectively, of another embodiment 
of a portion of a fiber having a strip of foil along 
One Side thereof. 

Figs. 11 and 12 are face and end views of a 
portion of a composite thermoplastic fiber com 
prising a plurality of lengths joined end-to-end, 
different lengths being of different color or 
composition. The position of the face view 
is indicated at - in Fig. 12. 

Fig. 13 is a perspective view of a curly thermo 
plastic fiber. 

FigS. 14 and 15 are elevational and end views 
of a composite fiber, comprising portions of dif 
ferent color or composition joined along their 
longitudinal edges. 

Fig. 16 is an elevational view and Figs. 17 and 
18 are cross-sectional views of a thermoplastic 
fiber of varying cross-section, the sectional planes 
being indicated at 7-7 and 8-8 in Fig. 16. 
To produce fibers or filaments by the teach 

ingS Of the present invention, a preformed ther 
inoplastic sheet, Web or film may be employed, 
or Such a film may be formed as an initial step 
in the process by means integrated with the 
film-forming apparatus. This film may beformed 
by calendering, or by casting from a dispersion 
or Solution of film-forming substance, or by 
other means. The film, which for example may 
be of a vinyl resin, is first heated to a tempera 
ture to render it soft and then is pressed in 
facewise engagement against an advancing ir 
regular Surface having channel-like regions 
adapted to form the softened film into fibers or 
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filaments. The plastic material is cooled and 
Set as it advances on the irregular Surface, and 
then the resulting fibers or filaments are stripped 
from this Surface. In a modification of the pres 
ent invention the irregular Surface may be adapt 
ed to provide fibers which are staggered or other 
Wise Oriented with respect to each other So as 
to be ready for spinning, and in Some cases spin 
ning apparatus may be integrated With the fiber 
forming apparatus. 
In the illustrated embodiment there is pro 

vided an endless, continuously-advancing belt 
0, Which serves as a conveyor or carrier, and 

in certain regions Serves as a preSSure belt. The 
belt O may conveniently be of Stainless steel. 
The belt O may be carried by a series of rotat 
able drums or rollers 2, 4, 6 and 8, which 
in turn are carried by a frame or other Support 
ing means not shown. The roller 3 may be 
yieldingly urged in a generally out Ward direc 
tion to provide a tensioning effect on the belt 
O. One of the rollers 2, 4, or 8 may be 

positively driven to advance the belt 0 in a 
generally clockwise direction. The roller 6 may 
be positively driven to Synchronize with the 
motion of the belt 0, or may be allowed to idle. 
The roller 6 may be provided on its surface 

with a series of circumferential channels, and 
may be of metal, having Said channels engraved 
therein. On the other hand, a particularly ad 
vantageous embodiment for this roller is as illus 
trated in Figs. 3 and 4. In this embodiment the 
effective Surface of the roller is provided by a 
plurality of circumferentially arranged hoops of 
very fine Wire 20, Such as tungsten, embedded 
in adjacent relationship in a layer 22 of Some 
metal such as lead, on the Surface of the roller. 
A portion of this roller is indicated as 6d. in 
Fig. 4. The wires 20 provide a hard, durable 
outer or work Surface for the roller, and provide 
circumferential depressions between them. Where 
fibers may be formed. A series of Such fibers 
24 are shown in these depressions in FigS. 3 and 
4. The metal 22 serves to bind the wires to the 
cylinder and the embedded arrangement makes 
this binding effect more secure and closes What 
might be termed the lower or inner nip be 
tween the Wires. 

In Figs. 5 and 6 there is illustrated in plan 
and sectional views, respectively, another en 
bodiment of a roller corresponding to the roller 
6. In this embodiment, channels or grOOWeS 

26 wherein fibers 28 may be formed have been 
engraved in the surface 6b of the roller itself, 
as distinguished from the embodiment shown 
in Figs. 3 and 4 wherein the channels are formed 
between the adjacent WireS. 
The roller 6 may in Some cases be adapted 

to produce continuous filaments. Thus in the 
embodiment illustrated in FigS. 3 and 4, aSSUm 
ing that the spaces between the hoops of Wire 
are uninterrupted or completely circumferential, 
the filaments will be continuous. On the other 
hand, the roller 6 may in other cases, Such as 
in the embodiment shown in FigS. 5 and 6, be 
adapted to produce short fibers, Oriented paral 
lel to one another, but staggered longitudinally, 
for the purpose of making Subsequent Operations 
on the fibers easier. Thus certain carding opera 
tions may be eliminated, and the fibers may 
be more readily spun into thread if they are 
thus oriented. In order to fix the length of the 
fibers, the engraved channels of FigS. 5 and 6 
are terminated at their ends by transverse Walls 
30. These walls may be staggered in relative 
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4. 
position around the circumference of the roller, 
as ShOWn in Fig. 5, So that the fibers Will like 
Wise be staggered. 
The apparatus ShoWn in Fig. 1 is provided with 

a Source 32 of thermoplastic film 34. In case 
a preform film is employed, this Source may 
merely comprise a reel from Which the film is 
dra Win. In case the film is continuously formed 
as an initial Operation in this process, the source 
may comprise film-forming means, Such as cast 
ing and drying apparatuS, or Calendering appa 
ratus, Or the like. 
The film, after leaving the Source, passes under 

a guide roller 36 and onto the continuously ad 
Wancing belt O, Which carries the film forward. 
There is provided a heating oven 38 extending 
through a considerable Zone through which the 
belt paSSes prior to passage over the roller 
6. AS the film 34 passes through this heating . 

Owen, it is heated until it becomes quite soft, 
After paSSing over the roller f4, the softened 

film is applied in facewise engagement to the 
channeled roller 6. This roller is chilled, as by 
the introduction of a refrigerant through a pipe 
40. It may be noted that the outer surface Oa 
of the conveyor belt is its inner surface as it 
paSSes around the roller 6. 
There is provided at the roller 6 means for 

exerting preSSure on the side of the belt oppo 
Site the film 34, adapted to squeeze the film be 
tWeen the belt and the roller 6 as they ad 
Wance through an extended Zone. Such means 
are Schematically illustrated as comprising a 
Series of rollers 42 yieldingly urged toward the 
belt by Spring means 44 carried by a frame 46. 

It is important that the pressure exerting 
means just described be adapted to exert pres 
Sure at the position T where the film first comes 
into contact with the chilled roller 6. Other 
Wise the film may become chilled to such an ex 
tent that it becomes set before it can be formed 
Or moulded into fibers. Portions of the Warm 
SOftened film are pressed by the belt iO down 
into the channels or grooves of the roller 6. It 
is important that the high regions of the roller 
f6, Such as the wires 20 in Figs. 3 and 4 or the 
ridge-like regions 48 in Figs. 5 and 6, pass com 
pletely through the film So as not to leave any 
membrane portions or the like interconnecting 
the portions which are forced down into the 
channels. Thus the device should function so 
that all portions of the film are forced into the 
Various channels. The film should be very soft, 
being in approximately a semi-fluid stage when 
this Operation is taking place, and for this reason 
it is possible for the aforementioned high regions 
of the roller 6 to pass completely through the 
film. Actual contact should be made between 
the belt 0 and the high points of the roller 6. 
Because of the feature of avoiding membranes 
interconnecting the fibers or filaments, the film 
must be no thicker than can be accommodated 
by the channels, this means that the channels 
Should be deeper than the thickness of the film 
employed, Since they must accommodate por 
tions of the film adjacent the high regions of 
the roller in addition to those portions of the 
film immediately above the channels. As illus 
trated in Fig. 6, the channels may in some em 
bodimentS be deeper than necessary to accom 
modate all of the Softened plastic substance, 
and in Such cases they will be only partially 
filled. As the portions of softened film enter 
the channels, they quickly become chilled, and 



2,614,288 
5 

hence they quickly become set and form the 
desired fibers or filaments. 
The shape of these fibers or filaments will be 

partly determined by the shape of the channels, 
and partly determined by Surface tension effects, 
Which tend to draw the fibers into a somewhat 
circular croSS-section. One feature of the pres 
ent invention is that it is possible to form fibers 
having rounded ends and rounded cross-sectional 
Shapes. Such fibers are to be distinguished from 
bodies produced by processes wherein a long 
filament is cut into a number of short segments. 
This cutting step tends to produce ends having 
sharp corners. Fibers produced by the present 
invention are similarly different from articles 
Which might be produced by shredding a sheet 
of plastic material. Shredding processes would 
produce fibers having sharp longitudinal edges, 
and furthermore it would probably be very diffi 
cult, if not impossible, to shred sheets into fibers 
as fine as the fibers which can be produced by 
the present, invention. The product of the pres 
ent invention is also different in a number of 
other respects from products of other processes. 
The channels of the roller 6 should not in 

clude undercut, regions, since Such regions Would 
make it very difficult to remove the fibers. 
A variety of cross-sectional and longitudinal 

shapes may be employed for the channels, in 
order to give the fibers various desired shapes. 
Thus, for example, the channels may be V-shaped 
in cross-section, or rectangularly shaped. It 
is also possible by the present invention to pro 
duce a fiber of non-uniform CrOSS-Section. An 
example of such a fiber is shown in FigS. 16, 17, 
and 18. 

In longitudinal section the fibers may have a 
Somewhat wavy or curved shape to produce the 
special effects such as, for example, a curly effect. 
A curly fiber is shown in Fig. 13. 

In Some cases the high regions of the 'oller 
6 may have the shape of rather Sharp ridges, 

to make it easier for them to paSS completely 
through the firin. 
As the belt leaves the roller 6, the fibers 

are removed from the roller and the belt, and 
the belt 9 passes around the roller 8 and re 
turns to the roller 2. 

Warious means may be provided for removing 
the fibers from the roller 6. One Such means, 
illustrated in Fig. 1, makes use of Static elec 
tricity to attract the fibers. There is provided 
a belt, 5 of dielectric or non-conducting nate 
ria. Such as rubber. This belt is carried by a 
Series of rollers 52, one of which may be posi 
tively driven and adapted to advance the belt 
50 in a generally clockwise direction. The belt, 
50 should preferably extend close into the nip 
where the belt leaves the roller . There 
is provided means for placing an electric charge 
on the belt . Such means may be in the form 
of a felt buffer 54 rotating in a direction to Op 
pose the motion of the belt 50. At a later point 
in the path of travel of the belt 50 there is pro 
vided means for removing the charge from this 
belt. Such means are shown Schematically in 
the form of a grounded roller 56. In operation, 
the belt 50 passes by the buffer 54, receives an 
electric charge therefrom, then passes by the 
roller 6, where it attracts the fibers to it by 
electrostatic attraction. There may be provided 
a scraper or comb 5’ engaging the roller is and 
adapted to assist in removing the fibers from this 
roller. The belt 50 then passes over the grounding 
roller 56. The speed of the belt 50 may be con 

O 

5 

20 

30 

55 

60 

70 

6 
trolled to have a predetermined ratio to the speed 
of the roller f6. In the present example it 
may be a SSumed that they move at equal linear 
Speeds. In this case, the fibers on the belt 50 
Will have an orientation similar to that which 
they have On the roller 6, 
There may be provided another belt 58 sup 

ported slightly above the belt 50 and advanced in 
a generally clockwise direction by suitable roll 
erS. One of Such rollers is shown at 60. This 
belt is adapted to carry the fibers forward into 
other apparatuS 62, Such as Spinning apparatus. 
The belt 58 may, like the belt 50, be of dielectric 
material, for example, rubber. There may be 
provided means for placing an electrostatic 
charge on the belt 58, such as a buffer 64. The 
belt 58 is adapted to pick up the fibers from the 
belt 59, particularly in the Zone immediately to 
the right of the grounding roller 56, where the 
fibers will no longer be attracted to the belt 
50 but will be attracted to the belt 58 because 
of the charge thereon. 
The belt 58 may in some embodiments be ad 

Vanced at a speed slower than the Speed of the 
is belt 59. This will have the effect that the layer 

Of fibers On the belt 58 Will be thicker than the 
layer of fibers on the belt 5). The thicker layer 
of fibers may then be advanced into the appa 
ratus 62 for Spinning or other operations, For 
Certain operations the increased thickness of 
the layer of fibers this provided by the differ 
ence in Speed between the betS 50 and 58 is 
quite desirable. 
The controlled orientation of the fibers pro 

duced by the present apparatus may prove highly 
advantageous in eliminating certain carding op 
erations which would otherwise be necessary. 
A variety of modifications of the present in 

vention are possible. For example, if a colored 
film is used, it is possible to produce individual 
fibers which have portions of different colors. If 
the film is provided with Stripes which run trans 
verse to the grooves of the roller 6, the individ 
ual fiberS produced may each comprise a plu 
rality of differently colored lengths, joined end to 
end, as shown in FigS. 11 and 12. If a multi 
colored film is used having stripes running paral 
lel to the direction of the grooves in the roller 
f6, and if the stripes are of considerably greater 
width than the width of the fibers, there may 
be produced some fibers of one color and Some 
fibers of another color. If instead of producing 
very fine fibers, strands of somewhat larger 
cross-section are produced, it may be practical 
to employ a multicolored film having longitudi 
nal stripes comparable in Width to the width of 
these Strands. In this case, if the stripes are 
placed So that the dividing line between stripes 
paSSes along the length of a strand, then this 
Strand Will comprise two differently colored 
elongated portions, joined along their longi 
tudinal edges. Figs. 14 and 15 show a fiber come 
prising two differently colored portions, the por 
tions extending longitudinally of said fiber in 
a Side-by-Side arrangement. 
Since in the present process the fiber being 

formed is Supported by the grooved surface until 
it becomes firm or set, the present process is a 
highly advantageous One, and produces a unique 
product. The Supporting action mentioned makes 
it p0SSible by the present invention to produce 
an extremely fine fiber, Smaller than a silk fiber. 
A Special feature of the invention is that it is 
possible to employ in the fibers particles of pig 
ment the croSS-Sectional areas of which are sq 
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great in proportion to the cross-sectional area. 
of the fiber that it would be impossible in ap 
paratus for extruding fibers through an orifice, 
to use pigment particles of this relative size. 
The apparatus of the present invention lends 

itself readily to integration with spinning appa 
ratus. In a special embodiment of the present 
invention it is possible to calculate the thick 
neSS and width of the film, the Width of the 
grooved roller, and the shape and Spacing of 
the grooves in relation to One another SO that 
there is produced a band of fibers just Sufficient 
to be spun into a single thread. Alternatively, 
the film may correspond to an integral number 
Of threads, and means may be provided for guid 
ing the fibers as they leave the grooved roller 
onto a corresponding number of belts, and thence 
into a plurality of spinning machines, each ma 
chine being fed by one such belt and adapted to 
produce one thread. 

It is possible by the teachings of the present 
invention to produce a plastic fiber having a strip 
of metallic foil extending lengthwise of Same and 
bonded thereto. A thermoplastic film may first 
be formed on a sheet of foil and dried. This film, 
laminated to the foil, may then be paSSed through 
the present apparatus, and it may be seen that 
the product just described will be produced. One 
embodiment of such a product is shown in FigS. 
7 and 8. The foil is indicated as 64, and the 
plastic portion of the fiber is indicated as 65. 
Another embodiment of Such a product is ShoW 
in Figs. 9 and 10, the foil being indicated as 
68 and the plastic portion of the fiber as 7. 

It will be understood that the term 'fibers' as 
used in the appended claims, is intended to be 
broad enough to include either a continuous 
Strand-like fibel, or a fiber of limited length. 
While a suitable form of apparatus and mode 

of procedure, to be used in accordance With the 
invention, and various improved products re 
Sulting therefrom have been described in Some 
detail, and certain modifications have been Sug 
gested, it will be understood that numerous 
changes may be made without departing froin 
the general principles and scope of the invention. 

I claim: 
1. A method for producing fibers, connprising 

superposing a continuous Web of thermoplastic 
film on a continuously-advancing carrie, pre 
heating said film while on said carrier to Soften 
it to a semi-moiten state, Subsequently advancing 
said hot film and carrier through an arcuate 
path, applying pressure at all points throughout 
the length of said arcuate path to parallel, lon 
gitudinally-extending areas of the exposed sur 
face of Said film While said fin is hot and in a 
semi-molten state, to divide said film into fibers, 
Cooling said fibers before releasing Said pressure, 
releasing said pressure, and Stripping Said fibers. 

2. A method for forming fibers, comprising 
applying a film of thermoplastic material to a 
continuously-advancing flexible carrier, soften 
ing said film with the aid of heat by advancing 
Said film and said carrier through an elongated 
heating Zone, thereafter advancing said carrier 
and hot, Soft film along an arcuate path, apply 
ing pressure against parallel areas extending lon 
gitudinally of said film as it advances along an 
extended portion of said arcuate path to mould 
Said film into fibel's of thermoplastic material, 
Said film being hot and Soft upon initial applica 
tion of Said pressure, chilling said fibers as they 
advance along Said path, and thereafter strip 
ping said fibers, 
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3. A method for producing fibers, comprising 

applying a continuous, thermoplastic film to a 
continuously-advancing, flexible, carrier belt, 
preheating said film while on Said carrier to 
SOften it to a layer of Semi-fiuid Substance, flex 
ing Said layer in such a direction that its surface 
away from said carrier is concave, as viewed in 
longitudinal Section, moulding said layer of semi 
fluid Substance into fibers thicker than said film 
having a substantially flat Side and two concave 
Sides, joined by rounded edges, by applying pres 
Sure to parallel areas of the surface of Said film 
Opposite Said carrier, cooling said fibers to set 
them, and Stripping said fiber's from said carrier. 

4. A method of forming fibers comprising ad 
Vancing a relaxed thermoplastic filn) on a carrier 
through a heating Zone, heating said film suffi 
ciently to soften same to a non-self-supportable 
layer of Senni-fluid substance, dividing said layer 
of Semi-fiuid Substance into elongated bodies 
thicker than Said film, and moulding said bodies 
to have a Substantially flat side and two approxi 
mately concave Sides joined by rounded edges by 
applying pressure to said bodies with respect to 
Said Carrier in paired adjacent areas of curved 
CrOSS-Section. 

5. A method of forming fibers of a type that 
different parts of individual fibers are of different 
Composition, comprising heating a composite film 
of thermoplastic material to soften same, main 
taining Said film in a softened state while apply 
ing localized preSSure to its opposite surfaces in 
generally parallel regions to divide said film into 
fibers, Said film having parts of different com 
position within the zones thereof Which form in 
dividual fibers. 

6. A method of forming fibers comprising a 
thermoplastic material and a strip of foil ex 
tending along the length of said fiber, bonded 
thereto, Said method comprising adhering a 
thermoplastic film to a layer of foil, to form a 
composite Web of a plurality of layers, different 
layers being of different composition, and di 
Viding Said Web into generally parallel fibers, 
With the aid of heat and localized pressure 
against Opposite Sulfaces of said composite web. 

7. A method of forming fibers comprising a 
plurality of lengths of different composition, 
joined end-to-end, said method comprising the 
steps of heating a thermoplastic film comprising 
Stripe-like portions of different composition, and 
dividing said film into individual fibers by the 
use of heat and the application of localized pres 
Sure to Said film along lines extending across 
Said Stripes. 

8. Apparatus for forming fibers of thermo 
plastic material, comprising a continuously-ad 
Vancing carrier, a grooved roller, said carrier 
embracing Said rollier through an extended arc, 
means at a station prior to said roller, for appy 
ing a thermopiastic film to the surface of said 
carrier Which is opposed to said roller, an elon 
gated film-Softening oven located between the 
point of application of Said film to said carrier 
and Said roller, the exit of said oven being lo 
cated close to said roller to cause said film to be 
in a Semi-molten condition when it reaches said 
roller, means pressing said carrier toward said 
roller at points located along an extended alC, 
including the point where said carrier is initially 
Opposed to Said roller, said roller being adapted 
to mould Said hot, soft film into fibers thicker 
than Said film, means for cooling said fibers, and 
lineans for Stripping said fibel's. : 

9. Apparatus as in claim 8 including means 
for chilling said roller, . . . 
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i0. Apparatus for forming fibers comprising an 
advancing carrier, means for applying a thermo 
plastic film to said carrier, an oven adapted to 
heat Said film to a semi-fluid state, a roller 
provided with a plurality of adjacent circum 
ferential hoops of circular cross-section having 
grooves therebetween, said grooves being deeper 
than the thickness of said film, said roller being 
adapted to engage said film on said carrier and 
to divide it into elongated bodies having at least 
one diameter greater than the thickness of said 
film and to mould Said bodies to have a sub 
stantially fiat side adjacent said carrier and two 
approximately Concave sides adjacent Said hoops, 
said sides being joined by rounded edges. 
1. Apparatus for forming fibers comprising a 

plurality of lengths of different composition, 
joined end-to-end, said apparatus comprising an 
advancing carrier, means for applying to said 
carrier a thermoplastic film having stripe-like 

O 
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20. 
portions of different composition with the stripes 
running acroSS Said carrier, means for heating 
said film to a softening point, and a roller 
engaging said carrier having circumferential 
grooves running longitudinally of said carrier 
adapted to divide said film along lines extending 
across said stripes. 

12. Apparatus for forming composite fibers, 
comprising means for adhering thermoplastic 
film to a layer of foil to form a composite web of 
a plurality of layers, heating means adapted to 
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10 
render said thermoplastic material Soft, a 
grooved roller and a carrier adapted to engage 
said web on opposite sides and to divide said 
composite web into composite fibers. 

MARC. A. CHAVANNES. 
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