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Int. Cl. D01f 7/02 
US. Cl. 264—205 7 Claims 

ABSTRACT OF THE DISCLOSURE 
A Web of entangled plexi?laments of isotactic poly 

propylene is obtained by ?ash spinning a solution of the 
polymer through two or more closely-spaced spinneret “ 
ori?ces. Depending upon arrangement of the ori?ces, the 
web may be a yarn or tow of shaped cross-section, or it 
may be a ribbon or sheet product. The solvent may be 
1,1,2-trichloro - 1,2,2 - tri?uoroethane, trichloro?uoro 
methane or a mixture thereof. 

RELATED APPLICATIONS 
This application is a continuation-in-part of US. patent 

application Ser. No. 768,617, ?led Oct. 15, 1968, now 
US. Pat. 3,467,744, which is in turn a continuation-in 
part of US. Ser. No. 506,304, ?led Nov. 4, 1965, now 
abandoned. 

BACKGROUND OF THE INVENTION 

In the US. Pat. 3,081,519 of Blades and White a method 
is described for preparing a ?brillated web or pleXi?la 
ment by ?ash spinning. In this process a polymer solution 
at a temperature above the boiling point of the solvent 
and at a pressure at least autogenous is extruded into a 
medium of lower temperature and substantially lower 
pressure. The sudden boiling which occurs at this point 
causes either microcellular structures or ?brillated net 
works to form. The ?brillated materials tend to be formed 
when the pressure changes are most severe, or when more 
dilute solutions are used. Under these circumstances the 
vaporizing liquid within the extrudate forms bubbles, 
breaks through con?ning walls, and cools the extrudate 
causing solid polymer to form therefrom. The resulting 
multi?brous yarn-like strand has an internal ?ne structure 
or morphology characterized as a three-dimensional inte 
gral plexus consisting of a multitude of essentially longi 
tudinally extended, interconnecting, random-length, ?brous 
elements, referred to as ?lm-?brils. 

Previous investigation with linear polyethylene has 
shown that under certain conditions the spinning solution 
forms a cloudy dispersion which, if allowed to stand with 
out adequate agitation, settles into two distinct layers, one 
layer being rich in polymer and the other layer being lean 
in polymer. This phenomenon is described in Anderson 
and Romano.U.S. Pat. 3,227,794, issued Jan. 4, 1966. 

Further. problems were encountered in developing an 
e?icient process for spinning all species of isotactic poly 
propylene by the process of Anderson and Romano. These 
problems were overcome by the improved technique 
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claimed in US. Pat. 3,467,744. In essence, the improve 
ment consisted of using a speci?c solvent and maintaining 
temperatures and pressure considerably above those speci 
?ed by Anderson and Romano. In the course of develop 
ing this improvement, I found that several strands of the 
highly ?brillated products can be spun simultaneously 
from several closely-spaced ori?ces to prepare an integral 
cohesive web. 

SUMMARY OF THE INVENTION 

The purpose of the present invention is to provide an 
e?icient process for preparing an integral cohesive web 
from several continuous strands of ?ash-spun ?brillated 
isotactic polypropylene. The cohesive web may be in the 
form of continuous yarn or tow having a shaped cross 
section, or may be a ribbon, or a sheet product. The 
strands are aligned principally in the lengthwise direction 
of the web and the ?brils of adjacent strands are en 
tangled, thereby providing a single web which cannot be 
separated into constituent strands without tearing. The 
process of this invention involves forming a homogeneous 
single-phase polymer solution at a temperature which is 
above the critical temperature of the lowest boiling sol 
vent constituent, and at a pressure which is above the 
two-liquid-phase pressure boundary for the solution, then 
passing the solution into a pressure let-down zone for 
lowering the pressure of the solution to about 10‘ to 400 
p.s.i. below the two-liquid-phase pressure boundary for 
the solution, and ?nally, discharging the solution through 
two or more closely spaced spinneret ori?ces of restricted 
size to an area of substantially atmospheric pressure and 
ambient temperature. The ori?ces are of about equal size 
and are between 0.01 and 0.05 inch in diameter. The 
distance between any ori?ce and the next adjacent ori?ce 

'— measured center-to-center is 5 to 30 times the diameter 
of the ori?ces. The solution which is extruded through 
the ori?ces comprises 4 to 20% by weight isotactic poly 
propylene and the solvent is a chloro?uoroaliphatic ma 
terial with cirtical temperature preferably between 190 
and 220° C. 

FIG. 1 is a transverse cross-sectional view of an integral 
web of trilobal cross-sectional shape con?guration (en 
larged about 4- to 10-fold). 

FIGS. 2a, 2b, 2c are diagrams of spinneret faces show 
ing arrangement of ori?ces for spinning webs of trilobal, 
tetralobal, or ribbon cross-sections, respectivley. 

FIG. 3 is a longitudinal cross-sectional view of a solu 
tion supply tube, a letdown chamber, and a spinneret. 

FIG. 4 is a graph of pressure and temperature condi 
tions for solutions of 1,1,2-trichloro-1,2,2-tri?uoroethane 
and isotactic polypropylene, showing the location of two 
liquid-phase pressure boundaries. 

FIGS. 5a, 5b, and 5c are detail drawings of the spin 
neret portion of FIG. 3 when 4 ori?ces are present. 

FIGS. 6a, 6b, and 6c are detail drawings of another 
spinneret portion usable with the apparatus of FIG. 3 and 
having 3 ori?ces arranged in a triangular pattern. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The process of the invention provides a variety of 
products when process conditions are controlled within 
the scope of the invention. For example, one may attain 
a continuous strand 1 having a trilobal shape such as 
shown in the FIG. 1. The entire strand is comprised of 
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?lm-?bril elements 2 as described in Blades & White US. 
3,081,519. The ?lm-?brils are interconnected by points 
along and across the lobes 3 of the strand forming an 
integral network in three dimensions. The individual lobes 
are tied to each other simply by entanglement. This en 
tanglement occurs only when a high degree of ?brillation 
is obtained during spinning and when the ori?ce dimen 
sions and spacings are properly controlled. 

Other shapes such as tetralobal may be obtained by 
the process of the invention. In addition, tapes may be 
spun by the use of a number of holes arranged in a 
straight line, and a sheet product may be obtained by 
use of a large number of holes. All of the coherent in 
tegral web products are characterized by the same ex 
tremely thin ?lm-?brils. The ?lm-?brils are less than 
4 microns thick and are molecularly oriented in the gen 
eral direction of the longitudinal axis of the web. The de 
gree of ?brillation is high, and the products have a sur 
face area greater than 2 m.2. / g. 
The solvents which are useful in the invention are 

chloro?uoroaliphatic compounds or mixtures of such com 
pounds. The following solvents are included: 

1,1,2-trichloro-1,2,2-tri?uoroethane (Freon®-1 13) 
boiling point: 47.6° C. 
critical temperature: 214° C. 
critical pressure: 480 lbs./in.2 (gage) 

trichloro?uoromethane (Freon®—1 l) 
boiling point: 24° C. 
critical temperature: l98—200° C. 
critical pressure: 620-640 lbs/in.2 (gage) 

mixtures of Freon®—l1 and Freon®-1l3. 

The preferred mixture contains equal weights of 
Freon®~11 and Freon®—l13. When using solvent mix 
tures, it is important that the solution temperature up 
stream of the let-down chamber be above the critical 
temperature of the lowest boiling constituent, i.e. above 
198-200° C. for the Freon®—l1/Freon®-l13 mixture. 
The pressure must be above the two-liquid-phase pres 
sure boundary for the solution. A technique for locat 
ing the boundary is disclosed in Us. Pat. 3,467,744. 
The stated pressures and temperatures for the spinning 
solution upstream of the let-down ori?ce must be main 
tained throughout the spinning operation in order to ob 
tain continuously a high degree of ?brillation throughout 
the length of the integral product. In addition, in order 
to obtain an entangled integral web with tenacity above 
0.3 gram per denier, the process of the present invention 
requires passing the solution which is at a pressure above 
the two-liquid-phase pressure through an ori?ce into a 
let-down chamber having pressure about 30 to 400 p.s.i. 
below the two-liquid-phase pressure. The extent to which 
the pressure in the let-down chamber should fall below 
the two-liquid-phase pressure boundary varies with the 
solvent used. The optimum pressure in the let-down 
chamber can readily be determined for a given solvent 
system. If the pressure in the let-down chamber falls too 
far below the tWo-liquid-phase pressure boundary the 
product will be discontinuous, foamy particles, called 
“?y.” If the pressure does not fall su?iciently far below 
the two-liquid-phase pressure boundary the ?brils will be 
poorly separated and little or no entangling will take 
place, so the product will not be integral. 
The size of the ?nal ori?ces and the distance between 

the ori?ces are critical in determining the degree of en 
tanglement between plexi?laments from any two adjacent 
ori?ces. Round ori?ces having a diameter between 0.01 
and 0.05 inch are preferred. The center-to-center distance 
between any ori?ce and the adjacent ori?ce should be 
5-30 times the diameter of the ori?ces. In the examples, 
the ori?ce diameters are indicated by “Q” and the distance 
between ori?ces (center-to-center) is indicated by the 
symbol “P” (see FIGS. 2a, 2b, and 2c). When the ratio 
of P/Q is greater than 30, the ?ash-spun plexi?laments 
fail to entangle under the in?uence of the evaporating 
solvent. It should be understood that with the particular P 
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conditions speci?ed, the solvent evaporates at a very high 
rate and creates much turbulence around the spinneret. 
This tends to cause entanglement of adjacent ?laments 
when two strands are close enough. On the other hand, 
when the P/ Q ratio is less than 5, the integral strand seems 
to lose its shape de?nition and become similar to a 
single strand in appearance. The shape of the integral 
web is largely determined by the placement of the spin 
neret ori?ces relative to one another. A tetralobal strand 
is obtained from the spin ori?ce arrangement shown in 
FIG. 2a, a trilobal strand from 212, and a tape from 20. 
The temperature and pressure combinations for opera 

tion of the process with Freon®—-l 13 are shown in FIG. 4. 
In the ?gure, curve A is the vapor pressure curve for the 
solvent. Line B is the critical temperature of the solvent, 
and Line C is the critical pressure, this being the pressure 
of the solvent under autogenous pressure at the critical 
temperature. The two-liquid-phase pressure boundary at 
various concentrations is indicated by curves H, J, and L. 
In FIG. 4, these boundaries H, I, and L apply to solu 
tions containing 13, 10, and 4% by weight, respectively, 
of polypropylene in Freon®-113. Temperature and pres 
sure conditions to the right and below line H give a single 
phase solution for a 13% solution. Temperature and 
pressure conditions to the left and above line H give 
cloudy solutions having tWo-liquid-phases, one rich in 
polymer and the other lean with respect to polymer. Fur 
ther details on the location of the two-liquid-phase pres 
sure boundary can be obtained by reference to my parent 
applications. 

For 13% solutions, for example, the particular op 
erating conditions in FIG. 4 which give a su?icient degree 
of ?brillation for entanglement of the isotactic polypro 
pylene plexi?laments are those in which the solution up 
stream of the ?rst ori?ce is at a temperature above the 
critical temperature shown by line B and at a pressure 
above the two-liquid-phase pressure boundary shown by 
line H. The process of the invention further requires that 
the pressure he reduced by passage of the solution through 
a pre-?ash chamber of the type shown, for example, in 
FIG. 3. In the pre-?ash chamber the pressure must be re 
duced so that it falls to the left and above line H, but 
not below the critical pressure. Finally, the solution passes 
through the spinneret ori?ce into the surrounding atmos 
phere. At this point, the ?ash-spun plexi?laments from 
adjacent ori?ces combine to give an integral product. 
The particular spinning conditions which are preferred 

give a high degree of ?brillation and avoid fusion of 
?lm-?brils. No additional air-jets are needed for entan 
gling the adjacent lines and no drying process is needed, 
since the evaporation is adiabatic and since adequate heat 
is applied upstream of the pre-?ash chamber to evaporate 
the preferred solvents. 

In determining the minimum operable solution pressures 
and temperatures for spinning solutions containing mix 
tures of solvents, one uses the critical temperature of the 
lowest boiling constituent as a minimum and the critical 
pressure of the highest boiling constituent as a minimum. 
For this purpose, one should ignore small quantities of 
extraneous materials in the solvent. If less than 10% of 
such material is present, it is not included as a “con 
stituen .” 

In preparing the solution the polymer and solvent are 
mixed by ‘any of a number of known methods. For ex 
ample, powdered isotactic polypropylene may be blended 
with liquid 1,1,Z-trichloro-1,2,2-tri?uoroethane at room 
temperature to form a dispersion. The resulting disper 
sion (slurry) may then be heated with stirring in the 
vessel which is to serve as a supply reservoir for spinning, 
or it may be continuously pumped through a heat ex 
changer to a spinneret or spinning cell. In either case the 
solution must be delivered to the let-down chamber at 
a temperature above the critical temperature and at a 
pressure greater than the two-liquid-phase boundary pres 
sure. The additional pressure can be created by pressuriz 
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ing with an inert gas such as nitrogen. Such an inert gas 
should preferably not be mixed with the solution but 
rather should be present as a force pressing against it. 
Alternatively, it can be generated (1) by mechanical 
means such as one or more pumps, or (2) by heating the 
blend to the desired temperature in a vessel with a volume 
that is small enough to enable the solution to generate 
sufficient pressure to eliminate any gas phase, above the 
solution at the desired temperature. The blend should con 
tain between 4 and 20% polymer and 96 to 80% solvent. 
These percentages, as well as others referred to in the de 
scription which follows, are on a weight basis. 
The polymer used in the solution should have a melt 

flow rate between 0.09 and 10.0, the units as used through 
out being in g./ 10 min. The method for determining melt 
?ow rate is ASTM Method 123 8T, Condition L for poly 
propylene. 
The polymer used for preparing the solution is not 

necessarily composed of 100% propylene. The polymer 
should contain at least 85% of propylene, but may have 
as much as 15% by weight of units derived from other 
ethylenically unsaturated monomers such as isobutylene, 
vinyl acetate, methyl methacrylate, or mixtures such as 
efhylene/octened. The term “isotactic polypropylene” as 
used herein refers to such polymers containing a high 
proportion, e.g. over 80% by weight, of isotactic macro 
molecules. A further description thereof is given by 
Natta et al. in U.S. Pat. 3,166,608. 

In the examples which follow, a batch process is used 
for preparing solutions. For this purpose it is important 
to determine the amount of polymer and solvent which 
is needed to provide in the autoclave a homogeneous 
single-phase solution at a desired operating pressure and 
temperature. In other words, suf?cient solution must be 
present in the autoclave to prevent the formation of a 
solvent vapor phase. The approximate amount of material 
may be calculated from the density of the solution at the 
desired spinning temperature and pressure. The solvent 
is added while the autoclave is under vacuum. The auto 
clave is then closed. The agitator is turned on and the 
autoclave heated as rapidly as possible while a graph 
of the temperature and pressure is made during the heat 
up cycle. Excessive pressure (due to minor errors in cal 
culation or inaccurate density values) may be released 
by bleeding 01f‘ small portions of the material from the 
autoclave from time to time. 
When the solution is ready for batch ?ash-spinning, 

the agitator is stopped and the atmosphere above the 
solution is pressurized with nitrogen to a level 100 to 
200 p.s.i.g. above the autoclave pressure. Stirring is 
avoided to prevent mixing of the nitrogen gas with the 
solution. The nitrogen pressure within the autoclave is 
maintained at this level so that no pressure drop will 
occur during spinning. The total pressure is recorded as 
the solution pressure and the 100-200 p.s.i.g. increment 
is included as though it were solvent-generated. 

Although the use of nitrogen or other inert gas as above 
described will be illustrated in the examples which follow, 
it will be understood that for a commercial operation a 
piston orv other mechanical means would be preferable. 

Suitable spinnerets for use with the process of this in 
vention are shown in FIGS. 3, 5a, 5b, ‘5c, 6a, 6b, and 60. 
FIG. 3 shows a longitudinal cross-section of a spin 
neret assembly which is attached to a solution supply by 
means of pipe thread 32. The spinneret assembly com 
prises a cylindrical tube 31 provided with an integral cap 
37 and containing a spinneret 24, a let-down ‘chamber 
insert 33 with a hollow cylindrical core, a let-down ori?ce 
insert 34 having a small ori?ce 35 and a hollow space 
?lling insert 36 to provide adequate support for the other 
portions. All of the parts are machined to ?t inside the 
outer tubular portion 31 and are gasketed to provide a 
pressure-tight system. One spinneret 11 for use in the 
spinneret assembly is shown in FIG. I511. The spinneret 
is held in place by means of shoulder 14. FIG. 5a is a 
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6 
cross-sectional side view showing a deep slot 10. FIG. 5b is 
a top view of the slot potrion of FIG. 5a. Both ?gures 
show the four ori?ces 12 aligned in a row at the bottom of 
the slot. FIG. 5c is an enlarged cross-section of a single 
ori?ce 12. The inner end of each ori?ce passage is coun 
tersunk to provide conical taper 13. The land length 15 
includes only the tiny cylindrical portion of the ori?ce. 
Another spinneret 24 which may be used in the same 

spinneret assembly is shown in FIG. 6a. The portion of 
this spinneret which is upstream of the ori?ces contains 
a wide bore cylindrical portion 20. Three spinneret ori?ces 
21 are bored in the bottom of the wide cylindrical por 
tion. These are equi-spaced around the axis of the cylin 
der on circle 22. 1In this case the ori?ces are not counter 
sunk. 

EXAMPLE I 

A solution of isotactic polypropylene was prepared 
from polymer having a melt flow rate of 0.8 g./ 10 min. 
using l,1,2-trichloro-1,2,2-tri?uoroethane \(Freon®-1113) 
as solvent. The solution was ?ash-spun using the condi 
tions speci?ed in Table l. The solution contained 10% 
polymer by weight and was spun through a spinneret 
having four ori?ces as shown in FIGS. 5a, 5b, and 5c. 
The cylindrical portion of the let-down chamber for this 
spinneret assembly was 0.5 inch in diameter and 3.31 
inches long. The slot 10 was 0.7 inch long (measured 
transversely) and 0.75 inch deep. The slot width was 
0.25 inch. 
The product was a tape in which the original four 

strands were barely visible, being somewhat denser than 
the connecting ?lm-?bril web. The four strand residues 
ran side-by-side through the length of the tape. The tape 
had a tenacity of 1.62 g./denier, elongation of 99% at 
break and denier of 56. 

TABLE 1 
Item No. I 

Polymer melt flow rate ____________________ .._ 0.8 
Solution: 

Percent polymer ______________________ __ 10 

Temp. ° C. __________________________ __ 219 

Pressure lbs./in.2 (gage) ________________ __ 1300 
Let-down chamber 

Inlet ori?ce diameter, inches ____________ __ .018 
Pressure lbs/in.2 (gage) ________________ .._ 900 

Spinneret: 
Extrusion rate, lbs. polymer hour ________ __ 6 
No. of ori?ces _______________ _1 _______ __ 4 

Distance P, in. _______________________ __ .130 
Diameter Q, in. ______________________ __ .010 
P/ Q _______________________________ __ 13 
Land length, in. ______________________ __ .021 

EXAMPLE II 

A solution was prepared containing 8% by weight iso 
tactic polypropylene (melt ?ow rate ‘0.85 g./l0 min.) and 
92% by weight trichloro?uoromethane (Freon®-11). A 
homogeneous solution was obtained by heating the solvent 
and polymer in an autoclave to 2l9—222° C. which is 
above the critical temperature 198-200° C. Five different 
spinning conditions were tested as shown in Table 2. In 
each case the solution was spun from the same autoclave 
through a cylindrical pre-?ash chamber 0.5 inch in diam 
eter and 3.31 inches long. The round ori?ce at the inlet 
to the let-down chamber was 0.031 inch in diameter. The 
?nal ori?ces at the spinneret face consisted of three holes 
arranged in an equilateral triangular pattern. These holes 
were 0.014 inch in diameter and the distance between 
holes was 0.250 inch (P/Q: 17.9). The landlength 
through spinneret face was 0.020‘ inch. Since a vessel of 
limited size was used, the pressure rose to between 1630 
and 1685 pounds per square inch, which is above the two 
liquid-phase pressure boundary for an 8% solution of this 
polypropylene in Freon®—1 l. The products which were ob 
tained at various spinning temperatures and pressures are 
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indicated in Table 2. Each of the products had denier be 
tween 115 and 194, tenacity between 1.7 and 2.7 g.p.d. and 
elongation at break of 54 to 73%. Apparently for item 
II-D the pressure in the let-down zone was not su?iciently 
far below the two-liquid-phase pressure boundary for this 

8 
was between 1290 and 1730 lbs./in.2 (gage). Pressures 
in this range are above the two-liquid-phase pressure 
boundary of the mixture and above the critical pressure 
of Freon®~l13 (480 lbs./in.2). 
The solution was ?ash extruded through a spinneret 

. 5 . . . . . 

solution. similar to the one shown in FIG. 5a, but having 5 ori?ces 
TABLE 2 arranged in a straight line and having a conical lead-in 

instead of the oval slot 10. The narrow portion of the 
Item . ,, . . . . __________ cone 1s 0.5 in dlameter and the cone widens as it ap 

II‘A 11-3 11-0 11-13 10 proaches the ori?ce. The solution was supplied from the 
Solution temp, O c _______________ __ 220 221 221 222 autoclave at temperatures and pressures indicated in Table 
Solution pressure in autoela ,lbs. ' ' ' in, (gage) _______________ _f’_°_ 1,670 1,660 1,630 1,685 4, there being four different parts to the experiment. In 
ghailebounriaryylbg/mt (gage)l_____ 1,540 1,560 1,560 1,580 each case, the solution passed from the autoclave through 

et- own 0 amber e, b . ' ‘ _ ' ' in, (gage) ________ 1,310 1,445 1,340 1,480 an inlet orr?ce to a pre ?ash chamber. The inlet ori?ce 
Extrusion rate, polymer 1bs,/hr_____ 23 19 21 19 15 was 0.036 inch in diameter. The cylindrical portion of 
Remarks ------------------------- -- Integral 0) Integral (2) the pre-?ash chamber was 0.5 inch in diameter and 3.31 

1 Borderline integral. inches in length. 
2 Not mtegml- The distance between spinneret ori?ces center-to-center 

EXAMPLE III Was 0.250 inch for each part of the experiment. The 
_ ' 20 ori?ce diameters were each 0.014 inch. P/ Q was therefore 

Solutions were prepared from isotactic polypropylene 17.9. The land length was 0.020. Under each of the condi 
havlpg a melt ?ew rate of 0.7 g-/ _1(_) mm. bythssolvmg m tions described in Table 4, a bulky tape was obtained. The 
arnixture containing equal quantities by welght of 1,1,2: ?ve components were thoroughly entangled to provide a 
tflehlol'o - 1,2,2 - tfl?llofoethane (Ffeoh®—113) and "P coherent integral web which could not be separated again 
ehlofo?lloromethahe (Ffeoh®—11)-1heaeh ease the Sohl- 25 into the components. When the tape was spread trans 
tion composed _10% by Welght Polymer and 90% by versely, a uniform sheet about two inches wlde was ob 
vflelght solyeh.t Ihlxture- A homogeneous slngle'phase Solo" tained. The edges of the ?ve original strands were faintly 
tlPP- The lbdlvldbal lobes of the Web Could not be SePe' visible and were oriented along the length of the strand 
ditions 1nd1cated1n Table 3. in orderly fashion 

Thesolutior} were pasjscdthroughacylingiricallet-down 30 A sheet or much greater width can be obtained by 
chamber 0.5 ‘inch in diameter and _3.31 lneh 10Ilg,_ the spinning through a larger number of ori?ces arranged in 
ori?ce at the inlet to th1s chamber being .020 to Q26 lheh a straight line. One may also spin through several rows 
in diameter as indicated in Table 3. The solution was of ori?ces to Obtain Planar Sheets or webs having Pre 
extruded through splnnel’ets eaoh havlng three c1osely selected cross-sectional shape or having greater density 
spaced holes arranged in an equilateral triangular pattern. 35 uniformity_ . 
The spinneret of Item III~A had ori?ces arranged to give TABLE 4 
a P/ Q ratio of 7.15. Under the temperature and pressure 
conditions indicated in Table 3 for Item III-A, this spin- IV‘A IV‘B IV‘G IV‘D 

neret gave an integral tow which was trilobal in cross-sec- Solution temp., ° C“5 ____ -.(._...). ...... .. 1 2% 1 Egg 1 ‘£143 1 . st‘ ,.‘n. e ...... .., , , ,' 
tron. The indlvidual lobes of the web could not be sepa- 40 pje/slsurégagoundary, 
rated without tearing the ?lm-?brils. The tow from Item lb5./il1.2 _________________________ 1,080 1, 000 1,120 1,140 
III-A had a denier of 231, tenacity of 2.3 g./denier, and lbs/m 2 950 870 1,015 1,075 
elongation 69% at break. Extrusionrate, polymer lbs. 43 37 43 ____ __;_ 

Items III-D through III-G each gave a tow with trilobal 23111153,‘; 3935,5333; ____ is; 57?, $3 3'72 
cross-section. These products were very bulky. The denier 45 Elongation, percent at break ......... ._ 71 73 74 70 
for these yarns was between 360 and 400, the tenacity ‘ _ 
1.33 to 1.61 g./denier, and the elongation 70 to 74%. What is cla1med1s: _ ‘ . ' 
Items III—B and III-C with P/ Q 35.8 did not give an inte- 1. In the process of ?ash spinning isotactic poly 
gral cohesive product. proylene plexi?laments by the steps of (a) forming a 

TABLE 3 

Item 

III-A III-B III-C III-D III-E III-F III-G 

Solution: 
Temp, ° C _____________________________________ _, 210 208 208 209 210 211 212 
Pressure, lbs./in.2 _______________________________ __ 2, 020 1,650 1,780 1,615 1,790 1, ‘J50 1,980 

Two-liquid-phase pressure boundary, lbs./in.1.___ 1,120 1,080 1,080 1,100 1,120 1,140 1,160 
Inletori?ce diam.,in_.. _________________________ __ .020 026 .026 .026 026 .026 .026 

Let-down chamber: 
Pressure. 1bs./in.z ______________________ __ 840 000 1,050 905 955 1,000 1,025 
Extrusion rate, lbs. polymer/hr___ 24 22 22 27 30 31 30 

spinneret: 
Distance P, in __________________ __ __ 0.100 0,500 0.500 O. 250 0. 250 0.250 0. 250 
Diameter Q, in .... -. __ 0. 014 0. 014 0.014 0. 014 0. 0145 0.0145 0.0145 
Ratio P/Q . _ _ _ _ _ . _ . _ _ , _ _ _ __ _ 7,15 35,8 35.8 17.3 17.3 17.3 17.3 

Land length, in _________________________________ __ 0.20 .020 .020 .020 .020 .020 .020 

EXAMPLE IV 65 homogeneous single-phase solution of polypropylene, hav 
ing a melt ?ow rate between 0.09 and 10.0 g./ 10 min., in 

A Solution of isotaetie Polypropylene (melt flow rate a chloro?uoroaliphatic solvent selected from the group 
0.7 g./10 min.) was prepared using a mixture of 50% consisting of 1,1,2-trichloro-1,2,2-tri?uoroethane, trichlo 
by Weight Fl‘eoh®~113 (boiling Point 475° C-) and 50% ro?uoromethane and mixtures thereof having a critical 
Freo11®-11 (B-P- 24° C-) as Solvent- The Solution eoh- 70 temperature between 190 and 220° C., bringing it to a 
tained 10% polypropylene and 90% solvent mixture. A 
homogeneous single phase was obtained by heating a 
slurry of the stated composition in an autoclave to between 
207 and 210° C. as indicated in Table 4. Temperatures 
in this range are above the critical temperature of 
Freon®~11 (l98—200° (3.). The pressure in the autoclave 

temperature above the critical temperature of the lowest 
boiling component of the solvent and to a pressure above 
the two-liquid-phase pressure boundary for the solution, 
the said solution having a concentration of between 4 
and 20% by weight of the polymer, (b) passing the 
solution into a pressure let—down zone for lowering the 
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pressure of the solution to between about 10 and 400 p.s.i. 
below the two-liquid-phase pressure boundary for the 
solution, and (c) discharging the solution through a spin— 
neret ori?ce into an area of substantially atmospheric 
pressure and ambient temperature to provide a continu 
ous, highly ?brillated strand, the improvement which 
comprises the step (c), discharging the solution through 
at least two ori?ces of about equal diameter between 
about 0.01 and 0.05 inch, the center-to-center distance 
‘between any ori?ce and the next adjacent ori?ce being 
between about 5 and 30 times the ori?ce diameter, where 
by there is formed a single cohesive integral web com 
posed of a plurality of entangled plexi?lamentary strands. 

2. Improvement of claim 1 wherein the solvent is 
1, 1,2-trichl0ro-1,2,2-tri?uoroethane. 

3. Improvement of claim 1 wherein the solvent is 
trichloro?uoromethane. 

4. Improvement of claim 1 wherein the solvent is a 
mixture of 1,1,2-trichloro-1,2,2-tri?uoroethane and tri 
chloro?uoromethane. 

5. Improvement of claim 1 wherein the solution is 

10 
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discharged through three round ori?ces arranged in a 
triangle to produce a trilobal yarn. 

6. Improvement of claim 1 wherein the‘ solution is 
discharged through four round ori?ces arranged in a rec 
tangle to produce a tetralobal yarn. 

7. Improvement of claim 1 wherein the solution is 
discharged through at least three round ori?ces arranged 
in a straight line to produce a ribbon or sheet. 
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