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United States Patent Office 

2,948,583 
PROCESS FOR PRODUCING SHAPED (ORENTED 
POLYESTER ARTICLES HAVING A METALLIC 
LUSTER 

Dustin S. Adams, Wilmington, Del, Albert Ernst, Buf 
falo, N.Y., and Robert S. Prengle, Kingston, Ohio, as 
signors to E. I. du Pont de Nemours and Company, 
Wilmington, i)el, a corporation of Delaware 

Filed Mar. 4, 1958, Ser. No. 719,124 
- 9 Claims. (C. 18-54) 

This invention relates to synthetic polyester films and 
filaments. More particularly, it relates to a process for 
producing polyethylene terephthalate films, ribbons and 
filaments which have a metallic luster. 

Recently, films having a metallic luster have come into 
great demand. Metallized yarns and films have been pre 
pared by laminating thin metal foils to a clear polymer 
base or by vacuum depositing a metal on the polymer 
base. These films and filaments, however, are not prov 
ing entirely satisfactory for many commercial purposes. 
Since they are comprised of dissimilar materials, process 
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producing the lustrous articles comprises drawing an 
article of the aforementioned polymeric ester, which has 
an initial birefringence of not more than 0.01, at its 
natural draw ratio at a temperature below 80° C. to at 
least 5.0 times its original length at a drawing speed of 
at least 0.75 yard per minute and less than 50 yards per 

10 

minute. Preferably, a polyethylene terephthalate article 
is shaped so that the initial birefringence is below 0.01, 
the drawing temperature is between 25 C. and 75° C., 
and drawing from 5.0 to 7.0 times the original length 
is accomplished at a drawing speed of from 2 to 17 yards 
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ing baths and the like must be selected so that they will 
not damage the material. In addition, surface abrasion 
and adhesion problems, that is, separation of the metal 
coating from the polymer base, have been experienced. 
Also, the elasticity of the polymer base can not be fully 
utilized because the elasticity of the metal coating is a 
limiting feature. Furthermore, the manufacturing proc 
esses and the equipment required to perform these proc 
esses are complicated and expensive. s 

High molecular weight condensation polymers, particu 
larly the polyesters of the type described in Whinfield 
and Dickson, U.S. Patent No. 2,465,319 have been uti 
lized in preparing films and filaments. Processes for 
laminating metal foils to a polyester base as well as 
processes for producing filaments having variations in 
denier, i.e., with short, thick sections along the fiber axis, 
have been described. However, polyester filaments of 
uniform denier which have a metallic luster have hereto 
fore been unknown. Markwood, U.S. Patent No. 2,352 
725 does describe a process for producing a pearlescent 
effect in polyamide filaments. This effect is somewhat 
similar to that obtained by the process of the present 
invention; however, the teaching of the patent is not an 
adequate guide to selection of processing conditions to 
produce continuously a lustrous polyester filament. Fur 
thermore, the process described by Markwood, which 
is limited to drawing at rates under 1.5 inches per second, 
is entirely unacceptable from a commercial standpoint. 

It is, therefore, an object of this invention to provide 
films, ribbons and filaments which have a metallic luster 
from a single material. Another object is to provide a 
commercially acceptable process for drawing polyethyl 
ene terephthalate films, ribbons and filaments whereby 
a metallic luster appearance is imparted to the drawn 
articles. A further object is to provide a process for 
preparing polyester filaments which have uniform denier, 
high tenacity, and superior surface characteristics. Other 
objects will be apparent from the following description, 
The objects of this invention are achieved by provid 

ing a highly oriented and uniformly drawn shaped article 
comprised of a cold-drawn highly polymeric ester of 
a dicarboxylic acid and a dihydric alcohol, said ester 
being capable of being formed into filaments which when 
cold-drawn show by characteristic X-ray pattern molec 
ular orientation along the fiber axis, elongated voids along 
the fiber axis, a metallic luster, and a density of from 
0.6 to 1.3 grams per cubic centimeter. The process for 
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per minute. 
The invention will be more readily understood by re 

ferring to the following detailed description and the 
accompanying drawings. In the description the terms 
"films,' 'ribbons' and "filaments' are meant to include 
and will be used interchangeably throughout the specifi 
cation with the term "yarn.” Fiat ribbons, round mono 
filaments, filament bundles, warp sheets, as well as rib 
bons and monofilaments of other regular and irregular 
cross-sectional configuration, are included within the scope 
of this invention. 
By the phrase "natural draw ratio' is meant a draw 

ratio at which a certain degree of permanent, non 
reversible extension, which is just sufficient to change it 
from its undrawn state to a uniformly drawn and highly 
oriented state without straining the polymeric material 
So as to introduce. Surface cracks or failure, is given to 
the polymeric material. In general, when any material 
is drawn in the conventional sense used in processing 
synthetic fibers one or both of two things happen. There 
can be plastic flow and there can be orientation of the 
material. The plastic flow method of drawing is used to 
elongate a polymeric material 10, 20 or even 100 times 
its original length. However, in the plastic flow process 
only slight orientation of the material occurs. Plastic 
flow drawing is normally carried out either at high tem 
peratures or in the presence of plasticizers, or both. 
There is no natural draw ratio for plastic flow elonga 
tion. When a synthetic polymer is not in a plastic flow 
able condition it will, under normal conditions, tend to 
draw at its natural draw ratio and in the process become 
highly oriented. If, for example, an undrawn filament 
can be drawn to five times its original length to produce 
a highly oriented, uniformly drawn material, it is not 
possible, in general, to draw it completely at either 
four or six times its original length under the same 
conditions. If one attempts to draw to six times, the fila 
ment will break. If one chooses a lower value, for ex 
ample, four times, one will find that some sections of the 
yarn will draw at the natural draw ratio while other sec 
tions will not draw at all. 

"Drawing speed' is another critical term in the process 
which must be defined. The present process employs a 
necking-down step in which the yarn diameter is sharply 
reduced within a short axial length. Immediately preced 
ing the neck the yarn is essentially unoriented and beyond 
the neck the yarn is highly oriented. By “drawing speed" 
it is meant the rate at which fully drawn material is 
caused to move relative to the drawing neck. For pur 
poses of convenience the drawing speed is measured in 
yards per minute. . - 
The temperature at which this drawing takes place 

is also highly critical. In citing the drawing temperature, 
the temperature of the yarn just prior to the point where 
it starts to draw is referred to. At this point the tempera 
ture is controlled by the temperature of the surroundings. 
If the yarn is wrapped on a pin or caused to contact a 
flat surface for some distance, it will approach thermal 
equilibrium with the surface it contacts. If the yarn is 
kept for several minutes in contact with air heat to a 
certain temperature, equilibrium will also be established. 



2,948,588 
as 

At the drawing point or neck, the yarn will, of course, 
be much hotter. It has not been possible to measure 
this temperature accurately, but it is estimated that the 
yarn temperature approaches the melting point of the 
polymer. 

In the drawings, 
Figure 1 is a schematic drawing showing a preferred 

embodiment of apparatus for the continuous drawing 
process of this invention; 

Figure 2 is a schematic drawing in section showing 
suitable apparatus for drawing small lengths of yarn; and 

Figure 3 is a graph showing the relationship between 
the drawing temperature of a polyethylene terephthalate 
yarn and the natural draw ratio at certain drawing speeds. 

Referring to Figure 1 of the drawing, reference numeral 
1 represents an essentially unoriented yarn which is 
withdrawn from a source not shown and passed around 
feed rollers 2 and 3. The axes of the feed rollers are 
positioned at a slight angle to each other to cause a sepa 
ration of the yarn helices and an advancement of the 
yarn along the rollers. The yarn is arranged with a 
sufficient number of turns about the feed rollers to prevent 
slippage. Yarn a must have a birefringence of not more 
than 0.01 and is preferably at room temperature. The 
yarn is passed from the feed rollers over or adjacent to 
a heated tube 4 whereby it is heated to a temperature 
of not more than 80 C., preferably from 25 C. to 75° C. 
The yarn is then passed to drawing rollers 5 and 6 which 
are operated at a speed sufficiently greater than the feeding 
rollers to draw the yarn from 5.0 to 7.0 times its original 
length. The speed of the drawing rollers is regulated so 
that the drawing takes place at the natural draw ratio. 
The axes of the drawing rollers are positioned at a 
slight angle in the same manner as described for the feed 
rollers. The yarn is arranged with a sufficient number 
of turns about the set of rollers to prevent slippage. 
From the drawing rollers, the yarn is passed through 
traversing device 7 and then wound up on bobbin 8 which 
may be rotated by means of the surface of drive roller 9. 
The yarn draws at its natural draw ratio with a sharp 
neck located within a stable narrow zone near heated 
tube 4. 

Referring to the apparatus shown in Figure 2, refer 
ence numeral 10 represents an insulated box in which 
electrical heating means 12 and temperature control 
means 13 are positioned. A sample of yarn 14 is placed 
in the box, heated, and withdrawn through opening 11. 
This apparatus and its use will be further described in 
discussing the graph of Figure 3. 
The natural draw ratio of polyester filaments is 

primarily controlled by the drawing temperature and the 
drawing speed. Referring to Figure 3, it will be noted 
that a particular drawing temperature there will be a 
corresponding natural draw ratio at which the undrawn 
polyester material will preferentially elongate to the 
highly oriented, uniformly drawn, lustrous state. There 
fore, when the drawing temperature is selected according 
to the process of this invention, the draw ratio is deter 
mined to conform to this condition. Alternatively, it is 
possible to select the drawing ratio within the range stated 
for this invention and to control the temperature gradient 
through which the material passes during the drawing step 
according to the limits previously set forth. At a specific 
point in the temperature gradient zone where the tempera 
ture corresponds to the selected draw ratio, the draw point 
will stabilize. 
The draw ratio is also affected by the drawing speed. 

As the drawing speed is increased and the filament is 
held at a given temperature, the natural draw ratio will 
increase. Figure 3 illustrates this point. For example, 
at a temperature of 60° C., the natural draw ratio in 
creases from about 5.15 to 6.45 as the drawing speed is 
creased from 1.2 yards per minute to 17 yards perminute. 
The data used in preparing Figure 3 were obtained using 
Fthe apparatus shown in Figure 2. An insulated asbestos 
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characteristic of overstrained polymeric materials. 

4. 
concrete board box. 10 was made with a small opening 11, 
one inch by one-half inch, on one side. Electrical heat 
ing means 12 and temperature control means 13 were 
placed inside the box. Forced air circulation was used 
to maintain a constant, uniform temperature throughout 
the box. A sample of undrawn polyethylene terephthalate 
yarn 4 having a birefringence of 0.0003 was attached to 
a fixture 15 on the inside of the box opposite the small 
opening and creased at the fixture. The box was main 
tained at the desired temperature for ten minutes, during 
which time the yarn reached thermal equilibrium with this 
temperature. The loose end of the yarn was then at 
tached to a windup roller 16 and the yarn pulled from 
the box at a constant speed. As soon as the slack was 
removed from the yarn, the material started to neck-draw 
at the crease. The neck of the drawn yarn moved 
toward the wildup roll at a speed governed by the windup 
speed and the natural draw ratio. The yarn selected its 
own natural draw ratio as determined by the temperature 
and the windup speed. The drawing operation was 
stopped when the draw point emerged from the box. 
A short section of the undrawn yarn near the fixed 

end was marked and its length measured prior to drawing. 
The ratio, 

Length after drawing 
Length before drawing 

gave the natural draw ratio R. Knowing the windup 
speed, S, the drawing speed, A, was then calculated using 
the formula 

Using a range of temperatures and windup speeds, the 
plots for Figure 3 were made. For other combinations 
of variables, if the draw ratio and draw speed are known, 
the drawing temperature can readily be determined by 
the foregoing procedure. Because only a few of the many 
combinations of drawing speeds, temperatures and result 
ing natural draw ratios which may be used in practicing 
this invention have been shown in the figure, it is not 
intended that the scope of the invention be limited by 
the data shown therein. 
The temperature gradient in the yarn can be provided 

by various means other than the heated tube 4 shown 
in Figure 1. A hot surface which the yarn is caused 
to contact, having heating units distributed below the Sui 
face so that the yarn temperature increases along the path, 
may be used. Alternatively, the yarn may be passed 
between two heated elements. In addition, other thermal 
barriers such as a liquid or gas interface can be employed, 
as can other radiant heating apparatus. 
Under the conditions which have been previously de 

scribed, the filament will draw at its natural draw ratio 
in a very short distance. During the drawing step the 
polymeric material becomes interspersed with a large 
number of tiny, elongated voids. These voids are gener 
ated within the boundaries of the ribbon or filament and 
are in no way to be confused with a milky appearance 
due to surface cracks or internal, brittle failure which is 

The 
drawn ribbon has a verythin, clear skin. By virtue of the 
tiny, elongated voids and the very thin, clear skin, fila 
ments produced by this process have a metallic luster. 
However, the products of the present invention are supe 
rior to and entirely different from laminated or coated 
structures containing, for example, metal foil or deposited 
metal film. While laminated structures reflect only light 
which strikes the plane of the metal surface, the lustrous 
product of this invention reflects and refracts light which 
strikes the filament at any angle. It has also previously 
been pointed out that the physical properties of the 
materials of this invention are not limited by the elasticity 
of a metal or by a bond between the filament and 
laminate, or by the chemical stability of a metal or 
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bonding material. In addition, the products of this inven 
tion can be obtained in a much finer form than is possible 
with the prior art materials. Furthermore, the coated and 
laminated materials must be slit into narrow ribbons by 
elaborate processing machinery. The process for prepar 
ing the materials of this invention is not so restricted. 
The filaments or ribbons can be coarse or fine. The 
coarser materials can be used to prepare products as 
have been conventionally prepared with the prior art 
metallized structures. The finer forms, however, have 
many new applications in the area of decorative fabrics, 
for example, lamé fabrics which heretofore were pro 
duced only with relatively heavy yarn to give the metallic 
appearance. These new materials may be used in fabrics 
now employing conventional polyester fibers for making 
articles such as blouses, shirts, sheer knitted goods, tricot 
fabrics, and the like. . . . . . m 
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When the products of the present invention are ob- m 
tained in physical dimensions equivalent to prior art 
laminated structures, the new products exhibit outstanding 
advantages in strength and elasticity. Table 1 shows the 
superior tenacity and elongation of the products of the 
present invention. In interpreting the data of Table 1, 
it is necessary to recognize that the figures in the elonga 
tion column must be compared not only on the basis of 
the film elongation but also on the basis of the elongation 
limit of the metal. For example, a metal laminated film 
elongated to 5% more than its original length would 
become defective as well as unsightly due to the metal 
breaking even though the film backing would remain 
intact. The products of the present invention, however, 
can be stretched to at least 10% greater than their original. 
length without any damage, - 

TABLE 1 - 

Comparison of laminated and deposited metal (alumi 
num) lustrous ribbons with metallic luster polyester 
ribbon ... - - W - 

f64 inch. 

A. Tenacity Elonga. Initia: 
Material Denier (g.fide- tion fensity Modulus 

nier (percent). (g.fcc.) - (g.fide 
nier) 

Metal-aminated - 
polyester filin- 260 40 230 >1.4 16 

(a) Metal Limit.------ --- 0.53 4.6-------------------- 
Polyester film with ... - 

vacuum-depos 
ited metal coat 
ing-------------- 26 30: 80 >1.4 32 

(a) Metal Limit.---------- 0.65 4.5 -------------------- 
Metalicuster 

polyester ribbon- 85 5, 80 10 : 0, 6-2 93 

*Stretched in two directions and heat-set at elevated temperature. 
TABLE 2 

Comparison of physical properties of other fibers with 
products of this invention 

Tenacity Elongation. Initial Mod 
Material (gldenier) ulus (percent) 

(gifdenier) 

Metallic luster yarL------- 5.8 0 00 
Polyester fiber. 4, 8-6.0 2-22 15 
Nylon yarn----------------- 4.5-8.0 4.22 35 
Cellulose acetate filaments. 13- 20-27 -46 
Metallized polyester ribbon- 3 6 32 

Physical properties of typical products of the present 
invention are given in Table 2 above with comparative 
values for other known polymeric materials widely used 
in the form of films or fibers. - - - 

In addition to the highly desirable metallic appearance 
and the outstanding physical strength and abrasion re 
sistance of the structures of the present invention, the un 
usual physical form of these structures makes them suit 
able for many purposes other than those for which con 
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6 
ventional fibers would be used. For example, the density 
of the material is extremely low due to the presence of 
the included voids. Commercial polyethylene terephthal 
ate fibers have a density of about 1.4. The present ma 
terials are produced with a density range of from 0.6 to 
1.3 with a density of from 0.6 to 1.0 being preferred. Of 
course, if the density is below 1.0, the yarn will float on 
water. Because of the low density, a greater length of 
yarn of a given cross-sectional area may be obtained from 
a given weight of polymer. 

In addition to the low density, these drawn structures 
have an extremely low dyeability. When they are woven 
into a composite fabric with other conventional fibers, the 
fabric can be dyed by conventional processes, and under 
such conditions the portion of the fabric prepared from 
the metallic-luster yarn will not accept the dye. Thus, 
striking dyed effects can be obtained in different colors 
in the same fabric with a pattern of metallic-luster yarn 
which retains its original color. 
The drawn structures of this invention also have a 

higher fiber stiffness than conventionally drawn fibers. 
In view of this fact, they are particularly well Suited for 
embroidery work, gold braid, rugs, and fiberfill. They 
may also be used as a reinforcing agent in resin sheets or 
slabs. Their greater stiffness provides excellent rein 
forcing properties in addition to the highly decorative ef 
fect. Because of the presence of the tiny voids or air 
spaces, these materials have a high covering power and 
high opacity as well as low heat transfer. For these rea 
sons they are suitable for use as batting for quilts, con 
forters, sleeping bags, and other insulating structures. 
The metallic luster imparted to the products prepared 

by the process of this invention is not altered by normal 
35 

the metallic luster. 

40 

processing and use of the finished material, that is wash 
ing, drying, fulling operations, and the like do not affect 

However, designs may be embossed 
on the yarns, fabrics and films prepared from these ima 
terials by using high, localized pressure. 
The drawing process described herein is readily con 

trollable. However, only by operating within the limits 
stated can the new and valuable products of this inven 
tion be obtained. The combination of limits specified are 
in themselves unusual and differ greatly from those noted 

SO 

in the art for drawing polyesters to produce clear fila 
ments. In particular, the drawing temperatures are lower 
and the draw ratios preferred in the present process are, 
in general, 50% to 100% higher than those used in prior 
art processes. The draw ratios are far above the range 
which has heretofore been considered to be suitable for 
drawing polyethylene terephthalate without breaking the 
fibers, 
The practice of the present invention and the critical 

nature of the limits previously mentioned are further ill 
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lustrated but not intended to be limited by the following 
examples. 

EXAMPLE 

- A ribbon of polyethylene terephthalate was spun by a 
conventional melt spinning technique to give a ribbon 1.20 
mm. wide and 0.15 mm. thick having a birefringence in 
the as-spun state of 0.0003. This ribbon was drawn using 
apparatus similar to that shown in Figure 1. The relative 
surface speeds of the feed rollers and drawing rollers were 
such that the material was drawn 6.0 times its original 
length. A 4 inch stainless-steel tube, heated to a dull 
red heat, was held approximately A6 inch away from the 
thread line. The heated tube set up a temperature gradi 
ent thereby stabilizing the position of the drawing neck. 
The feed rollers and the drawing rollers were positioned 
approximately 30 inches apart. Because of the stable 
temperature gradient, the drawing neck was stationary in 
space, and the drawn material moved relative to the 
drawing neck at a speed of approximately 10 yards per 
minute. The draw ratio and drawing speed of this draw 
ing operation indicated that the temperature of the yarn 
just prior to the draw point was 75° C. Under the con 
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ditions set forth, it was possible to draw the ribbon con 
tinuously. The resulting ribbon had a metallic luster 
and upon examination proved to be full of elongated 
voids. The ribbon had a uniform denier of about .332 
and a density of approximately 0.9 g/cm.. 

EXAMPLE. It 

A round monofilament of polyethylene terephthalate 
was melt spun with a diameter of 0.24 mm. The initial 
birefringence of this filament was 0.0025. A portion of 
this monofilament was placed in the previously described 
box shown in Figure 2 with one end of the filament at 
tached to the interior wall of the box. The yarn was 
allowed to remain in the box at a temperature of 65 C. 
until thermal equilibrium had been established. One end 
of the undrawn filament was then wound up on a draw 
ing roller at a speed of 12.5 yards per minute. The yarn 
drew within the box from the fixed end at a draw ratio 
of 6.8x. The resulting yarn monofilament had a final 
diameter of 0.08 mm. The drawn monofilament had a 
bright metallic luster and had a density of slightly below 
0.62 g./cm.3. (The speed at which this monofilament 
was wound up on the roller corresponds to a drawing 
speed of 14.7 yards per minute.) - 

EXAMPLE I 

A ribbon of polyethylene terephthalate was melt spun 
to give a ribbon 1.20 mm. wide and 0.15 mm. thick. This 
ribbon had an as-spun birefringence of 0.0003 and an 
initial denier of 1990. The undrawn ribbon was condi 
tioned inside a heated box as described in Example II 
except that the temperature in the box was 75 C. After 
the filament had come to thermal equilibrium with the 
surrounding air, the ribbon was wound up on the drawing 
roller at a drawing speed of 16.9 yards per minute and 
was drawn to 5.7 times its original length. The resulting 
drawn material was a ribbon 0.80 mm. wide and 0.04 mm. 
thick with a bright metallic luster throughout its length, 
the ribbon having a large number of elongated internal 
voids. The ribbon had a final density of about 0.7 g/cm3. 

EXAMPLE IV 

Example III was repeated except that the undrawn 
ribbon was heated to 70° C. and was drawn at a speed 
of 1.2 yards per minute to give a ribbon with a continuous 
metallic luster. The density of the ribbon was less than 
0.80 g/cm3. The draw ratio in this test was 5.05X. 

EXAMPLE W 
Another sample of the undrawn ribbon described in Ex 

ample III was conditioned in a room at a temperature of 
25 C. The yarn was then slowly drawn on an Instron 
tensile tester at a draw speed of 0.75 yard per minute, at 
a draw ratio of 5.2X. The resulting ribbon was 0.80 mm. 
wide and 0.035 thick, and had a continuous luster. It 
was not possible to draw the ribbon at lower speeds and 
get a continuous luster. At lower speeds, for example 
0.36 yard per minute, the resulting drawn material drew 
at a lower draw ratio, 5.0 times its original length, and did 
not have a continuous luster. At even lower speeds, the 
draw ratio decreased and the luster was entirely absent. 
(This example illustrates the lowest drawing speed for 
practicing the process of this invention.) 

EXAMPLE WI 

A sample of the undrawn ribbon described in Example 
III was conditioned in the box at 68 C. and was then 
drawn at a draw speed of 45 yards per minute. Under 
these conditions, the natural draw ratio was 6.8X. The 
resulting product was a ribbon 0.90 mm. wide and 0.05 
mm. thick, having a continuous luster. This material had 
a density of 0.62 to 0.65 g/cm3. It was possible although 
difficult to draw ribbon under these conditions at this 
speed to produce a continuous filament. Breakage of the 
filament, however, occurred occasionally. When the 
same experiment. was repeated at the same temperature 
but at a speed of 49 yards per minute, it was not possible 
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8 
to maintain a steady drawing. The yarn broke at every 
trial. 

EXAMPLE WII 

This example shows that an upper limit for the tem 
perature of the process of this invention exists. In Ex 
ample III it was shown that it was possible to draw a 
polyethylene terephthalate ribbon at a temperature of 
75 C. and at a draw ratio of 5.7x. A sample of the 
same undrawn ribbon was conditioned in the box shown 
in Figure 2, at a temperature of 80 C. An attempt was 
made to draw the ribbon at the same speed, that is, 16.9 
yards per minute. However, at this temperature the draw 
ratio dropped from 5.7x to 4.6x, and the yarn instead of 
having a metallic luster was clear, having the appearance 
of conventionally drawn polyethylene terephthalate. The 
density of this clear ribbon was measured and found to 
be 1.379 which is normal for conventionally drawn poly 
ethylene terephthalate. There were no voids in the rib 
bon. It was apparent that under these conditions it was 
not possible to operate, the process of this invention. 
Referring to Figure 3, it is shown that upon increasing or 
decreasing the speed a lustrous product was not obtained 
at this temperature. Thus, at 80° C., only a clear, conven 
tionally drawn ribbon rather than a lustrous ribbon can 
be obtained. 

EXAMPLE VIII 
Two flat ribbons of polyethylene terephthalate were 

melt-spun. One of the ribbons had a denier of 205 and . 
was 0.40 mm. wide and 0.03 mm. thick. The birefring 
ence of this ribbon was 0.01. This higher birefringence 
was obtained by winding the as-spun ribbon at a higher 
rate than that used in winding the ribbons of the preceding 
examples. The higher windup. speed induced a small 
amount of orientation and - thus gave a higher birefring 
ence. The ribbon was placed in the box shown in Figure 
2. The box was held at a temperature of 25 C. 
reaching thermall-equilibrium, the ribbon was drawn at 
a speed of 14.85 yards per minute, under which conditions 
the yarn had a natural draw ratio of 5.2x. The resulting 
ribbon was 0.25 mm. wide and 0.005 mm. thick and had 
a density of 1.293 g/cm3. The ribbon was faintly lus 
trous but drawing was difficult under the conditions 
stated. 
- The other sample of ribbon was melt-spun and wound 
up at a slightly higher rate, giving an undrawn ribbon 
having a denier of 180 and a birefringence of 0.011. The 
ribbon was placed in the conditioning box which was 
held at 25 C. and then drawn at a speed of 15.5 yards per 
minute. The natural draw ratio was 4.4X. The resulting 
ribbon was clear and had a density of 1.379 g/cm3. It 
was not possible to obtain a metallic luster product in any 
polyethylene terephthalate having a birefringence greater 
than 0.01. 

EXAMPLE X 

Molten polyethylene terephthalate was spun through a 
30-hole spinneret of which each hole was 0.009 inch in 
diameter to give a multifilament yarn. Birefringence prior 
to drawing was about 0.001. The yarn bundle was passed 
over a heated plate and then drawn. Drawing tempera 
ture was between 68 C, and 75 C. The draw ratio was 
6.0.X and the drawn yarn was wound up at approximately 
8 yards per minute. The final product was a multifila 
ment yarn of 30 filaments, each filament having a denier 
of 6. The yarn had a bright, silvery metallic luster. 

EXAMPLE X 

An essentially amorphous, unoriented polyethylene ter 
ephthalate film was drawn in a longitudinal direction be 
tween a group of slow and fast rolls. In determining the 
initial birefringence of the film, the procedure included 
directing a beam of polarized light upon edges of the film 
perpendicular to both the longitudinal direction and trans 
verse direction of the film. The birefringence so meas 
ured was found to be less than 0.01 in both directions. 
The film was fed over. and under a series of five slow 

After 
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9. 
rolls, and then for a distance of about six. feet before 
being threaded through the group of five fast rolls. The 
film was heated to a temperature of about 67° C. The 
film drew in a very narrow drawing zone, about /8 inch 
wide, at a drawing speed of about 10 yards per minute. 
Under these conditions, it was possible to draw the film 
continuously. The resulting film had a uniform metallic 
luster and a density of about 0.98 g/cm3. Other physical 
properties of the resulting film are summarized in the fol 
lowing table. Sample B differs from sample A in that 
it was heat-set at 200° C. to improve the dimensional 
stability of the film at elevated temperatures. 

Property . . . . . A - B 

Modulus, p.s. i. (10)-5: 
MIDI 4.7 1.0 
TID 2. 2.01 2.22 

Tenacity, p.s. i. (10)-3: 
MD----------------------------------- 45.2 48.5 
TP----------------------------------- 4.31 5,78 

Elongation, percent: - . . . 
MD----------------------------------- 6,7 14.6 
TD---------------------------------- '98.3 21. 

Tear, g.: - - - 
MP----------------------------------- 130 3.9 

. TP-s-s------------------------- - . . . .304 31, 2 
Dim. Stability, percent (150° C.-30 min.): W 

MD-------------------- - -7.8 8.0 
TD-------------------- 0.3 

Machine Direction. 2 Transverse Direction. 

The foregoing examples illustrate the operable ranges 
for the process of this invention, the criticality of the 
limits of operability, and the desirability of the preferred 
ranges previously set forth. It has been shown in the 
examples that at temperatures of 80 C. and above it 
is not possible to draw substantially amorphous poly 
ethylene terephthalate material and obtain a metallic lus: 
ter. At such temperatures the fiber or ribbon draws to a 
clear product such as described in the prior art. It has 
been shown that extremely low draw speeds, i.e., below 
0.75 yard per minute, will not give a lustrous material 
and that speeds below 50 yards per minute must be used. 
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It has also been shown that the material to be drawn 
must have an initial birefringence of not more than 0.01 
in order to obtain the product of this invention. 
By controlling the birefringence, temperature and draw 

ing speed, it is possible to obtain in a single operation 
a filament exhibiting both the characteristics of conven 
tionally drawn yarn and yarn haying...a metallic-luster. 
By the proper choice of drawing geometry, the filament 
can be forced to travel in a non-uniform path so that 
in one section of the path the yarn is pre-oriented, that 

45 
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process of this invention, gold-appearing yarns, copper 
tones, reds, greens, and blues can be obtained by dyeing 
the polymer or yarn with suitable colors. Suitable dyes 
for application to the melt-spun undrawn ribbon or fila 
ment include 1-amino-2-bromo-4-hydroxyanthraquinone 
and 1-(p-ethylolamino)-4,5-dihydroxy - 8 - nitroanthra 
quinone. Of course, it is also possible to color the 
products of this invention by including a dyestuff such 
as those described in U.S. Patent No. 2,571,319 in the 
melt prior to spinning. Small amounts, up to 0.5% by 
weight of the polymer, of opaque white pigment such as 
titanium dioxide and barium sulfate can be added. In 
addition, other opaque colored pigments such as cadmium 
sulfide, lamp black, and the like, may be used. The 
opaque solid pigments give a more subdued metallic luster. 
The small amount of foreign material, pigment or dye, 
does not interfere with the drawing process. . . 

It has been indicated that the cold-drawing process of 
this invention takes place with the formation of an abrupt 
neck, at which point the diameter of the drawn material 
is sharply reduced. . Neck-drawing is, of course, a well 
known phenomenon, and the neck-drawing of poly 
ethylene terephthalate films has been described in prior 
art processes. However, it is believed that the neck 
drawing process as practiced in the present invention is 
significantly different from that of the prior art. The 
profile of the filament being drawn at the draw point 
discussed in the prior art is much less abrupt than that 
found in the present invention. The neck produced in 
the present invention is extremely sharp, i.e., the shoulder 
of the neck forms an abrupt angle greater than 44 with 
the fiber axis, which indicates that the present process 
employs a new type of drawing with a very high rate of 
shear being produced in a very short distance. In the 
clear drawing process, the neck angle is only about 35. 
While it is not intended that theoretical considerations 
or hypotheses should limit the scope of this invention, it 
is apparent that the rate of shear encountered in the 
present process is so much greater than that encountered 
in conventional cold-drawing processes that an entirely 
new phenomenon is observed. It is quite possible that 
the high shear rate is responsible for the generation of 
the many tiny voids which give the products of this in 
vention their unique and desirable metallic luster. 

Following the drawing step of this invention, it is 
possible and usually desirable to heat-stabilize the drawn 
yarn by subjecting it to heat in the temperature range 
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is oriented so that the birefringence is above. 0.01 and 
when drawn will give a clear ribbon. In the other por 
tion of the path, the yarn, is not pre-oriented and when 
drawn gives a metallic luster. As a result, a ribbon hav 
ing alternating clear and lustrous sections can be prepared. 
A process for preparing such ribbons is described in the 
copending application of Dustin S. Adams Serial No. 
719,144, filed concurrently herewith. . . . . 
As previously stated, the process of this invention is 

operable only at temperatures below.80 C., temperatures 
in the range of 25° C. to 75° C. being preferred. At 
very low temperatures the tension necessary to draw the 
polyethylene terephthalate increases greatly and breakage 
of the material-in either the drawn or undrawn state may 
occur. It is possible, however, to practice this inven 
tion at temperatures as low as 10°C. or lower. In all 
cases the drawing temperature must be higher than that 
of the undrawn fiber prior to entering the draw zone. 
... The process of this invention may be utilized to pro 
duce materials having metallic luster which may or may 
not contain dyes or pigmentation, provided the inclu 
sion of the pigments or dyes does not increase the bire 
fringence of the undrawn yarn above 0.01 or act as a 
plasticizer. While undyed yarns of polyethylene ter 

55 

60 

65 

70 

ephthalate give a silvery appearance when drawn by the 75 

100 C.-200 C. or higher, thus causing it to shrink con 
- trollably from 0 to 35% of its original length. This gives 
a product of improved appearance, and dimensional sta 
bility. . 

In practicing this invention, polyesters prepared as de 
scribed in the aforementioned Whinfield and Dickson 
Patent U.S. 2,465,319 are preferably used. The polymers 
may contain small amounts of impurities and reaction by 
products which generally appear in continuous poly 
merization processes without adversely affecting the proc 
ess of the present invention. Polyester filaments com 
prised of modified polyethylene terephthalate, i.e., poly 
ethylene terephthalate copolymers containing residues of 
other dicarboxylic acids such as isophthalic acid, phthalic 
acid, naphthalic acid, and bibenzoic acid, or other glycols 
may be drawn to a metallic luster. 

In the normal operation of this process, the filaments 
will be spun, wound up on bobbins and stored for a 
period of time before being drawn to a metallic luster, it 
has been found that the process is most readily controlla 
ble when the filamentary material to be drawn has been 
allowed to age at room temperature for periods from 
24 to 48 hours; however, material aged from 1 to 2 hours 
at from 60° C. to 120° C. performs quite satisfactorily. 
While it is not intended that the scope of this invention 
be limited in any way by speculative theories, it is hy 
pothesized that, during the aging period, a certain degree 
of amorphous association develops in the polymer which 
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permits the generation of greater shear during the draw 
ing process. When a multiplicity of filaments are being 
drawn simultaneously, the addition of an anti-static agent 
is frequently used. It has not been noted that ambient 
conditions of relative humiditiy have any significant effect 
on the drawing process or on the qualities of the poly 
ester product. 
Many advantages over the prior art produces and proc 

esses accrue from the present invention. A simple 
process is provided which is easily controllable whereby 
attractive decorative materials, yarns, films, and the like 
having a metallic luster are obtained. This process not 
only gives a superior product with respect to physical 
properties but also eliminates the elaborate and expensive 
steps which have heretofore been required in preparing 
metallic-appearing yarns. The present process gives an 
added advantage in that it can be adapted to produce both 
round and irregular yarns as well as flat ribbons. In 
addition, single films or ribbons, yarn bundles or warp 
sheets may be drawn by this process. A further advan 
tage lies in the fact that the low denier multifilament and 
monofilament fibers while having a high metallic luster 
can be handled in the same manner as conventional poly 
ester yarns and fibers. A still further advantage lies in 
the fact that the yarns of this invention have increased 
strength, improved extensibility, are substantially chem 
ically inert to conventional dyeing, bleaching, scouring, 
and other textile processing treatments to which many 
aminated metallic yarns cannot be subjected. Still an 
other advantage lies in the unique and desirable proper 
ties of these yarns due to their low density, void-contain 
ing structure, and high covering power. 
The shaped articles of this invention have a wide 

variety of end uses. The articles, in film form, may be 
used as base materials for the preparation of magnetic re 
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cording tapes and for fabricating a variety of other types 
of tapes such as pressure-sensitive adhesive tapes, ad 
hesive tapes, binding tapes, surgical tapes, and tear tapes 
for opening cartons and packages. Due to their unique 
void-containing structure, the shaped articles are particu 
larly desirable for use in electrical applications in the 
form of pressure-sensitive tapes, slot insulations for 
notors, as a dielectric in condensers, and as an insulat 
jing wrapping for wires and piping. 
The lustrous filaments and ribbons of this invention 

may be woven or knitted into fabrics of all types. They 
may be used in preparing attractive drapery materials, 
clothing, upholstering, rugs, and the like, 

Included among the many other products which may be 
prepared from the shaped articles of this invention are 
window shades, tracing cloth, ticker tape, heat-shrink 
able films and filaments, typewriter ribbons, and reflective 
thermal insulators. 

Since the products of this invention have the property 
of becoming clear in areas when pressure is applied, for 
example, by drawing, stamping or typing on them, films 
so treated may be used as a negative in preparing a num 
ber of copies of any desired subject matter on photo 
sensitive paper. Other end uses for the products pre 
pared as described herein will be apparent to those skilled 
in the art. 

It will be apparent that many widely different em 
bodiments of this invention may be made without de 
parting from the spirit and scope thereof and, therefore, 
it is not intended to be limited except as indicated in the 
appended claims. 
We claim: 
i. The process of producing a shaped oriented article 

comprised of a highly polymeric ester of a dicarboxylic 
acid and a dihydric alcohol, said ester being capable of 
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12 
being formed into filaments which when cold drawn show 
by characteristic X-ray pattern molecular orientation 
along the fiber axis, which comprises drawing a shaped 
article of said ester which has a birefringence of not more 
than 0.01 at its natural draw ratio at a temperature below 
80 C. to at least 5.0 times its original length at a drawing 
speed of at least 0.75 yard per minute and less than 50 
yards per minute whereby a continuous metallic luster is 
imparted to said article. 

2. The process of claim 1 in which said article is in 
the form of a filament. 

3. The process of claim 2 wherein said filament is 
drawn from 5.0 to 7.0 times its original length. 

4. The process of claim 1 wherein said temperature is 
between 25 C. and 75 C. 

5. The process of claim 1 wherein said drawing speed 
is between 2 and 17 yards per minute. 

6. The process of claim 1 wherein said polymeric ester 
is polyethylene terephthalate. 

7. The process of claim 1 wherein the birefringence 
of said shaped article is below 0.003. 

8. The process of claim 1 wherein a plurality of fila 
ments are drawn simultaneously. 

9. The process of claim 1 wherein said article is in the 
form of a film. 

10. The process of producing a textile yarn which com 
prises spinning a filament of a molten, highly polymeric 
ester of a dicarboxylic acid and a dihydric alcohol, said 
ester being capable of being formed into filaments which 
when cold drawn show by characteristic X-ray pattern 
molecular orientation along the fiber axis under condi 
tions whereby the filament has an as-spun birefringence 
of not more than 0.01, aging the filament for a period of 
at least one hour, and drawing the filament at its natural 
draw ratio to more than 5.0 times its original length at a 
drawing speed of at least 0.75 yard per minute and less 
than 50 yards per minute at a temperature of less than 
80° C. whereby a metallic luster is imparted to said yarn 
and said yarn is highly oriented and uniformly drawn. 

11. The process of claim 10 wherein said filament is 
drawn from 5.0 to 7.0 times its original length. 

|12. The process of claim 10 wherein said temperature 
is between 25 C. and 75 C. 

13. The process of claim 10 wherein said drawing speed 
is between 2 and 17 yards per minute. 

14. The process of claim 10 wherein said polymeric 
ester is polyethylene terephthalate. 

i15. The process of claim 10 wherein the birefringence 
of said filament is below 0.003. 

16. The process of claim 10 wherein a plurality of fila 
ments are drawn simultaneously. 

17. The process of claim 16 in which said filaments are 
drawn in the form of a warp sheet. 

18. The process of claim 16 in which said filaments 
are in the form of a yarn bundle. 

19. The method of producing a textile yarn which 
comprises heating a polyethylene terephthalate filament 
which has a birefringence not greater than 0.01 to a tem 
perature between 25 C. and 75° C. and drawing said 
heated filament at its natural draw ratio at a drawing speed 
between 2 and 17 yards per minute to from 5.0 to 7.0 
times its original length whereby said filament is fully 
drawn and a metallic luster is imparted to said filament. 
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