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ETCHED AND RIDGED POLYAMIDE 

- MONOFILAMENT 

John Edward Hansen, Wilmington, Del., assignor to E. I. 
du Pont de N emours and Company, Wilmington, Del. 

Continuation of application Ser. No. 834,213, June 9, 
1969, which is a continuation-in-part of application Ser. 
No. 616,956, Feb. 17, 1967, and a continuation-in-part 
of application Ser. No. 673,287, Oct. 6, 1967. This 
application Sept. 2, 1970, Ser. No. 69,181 

Int. Cl. D01f 7/06 
US. Cl. 161-180 4 Claims 

ABSTRACT OF THE DISCLOSURE 
Polyamide mono?lament with a surface which is irreg 

ularly ridged in a direction predominantly transverse to 
the length of the ?lament, as well as etched. A method for 
production thereof comprising passing ?lament through 
a tube under 100-150 p.s.i.g. of steam for 0.1-10 seconds. 
Such ?laments are useful in brushes and textiles. 

CROSS ‘REFERENCE TO RELATED 
APPLICATIONS 

This application is a continuation of my copending ap 
plication Ser. No. 834,213, ?led June 9, 1969, now aban 
doned; which is in turn a continuation-in-part of my co 
pending application Ser. No. 616,956, ?led Feb. 17, 1967, 
now abandoned, and is also a continuation-in-part of my 
copending application Ser. No. 673,287, ?led Oct. 6, 1967, 
now abandoned. 

This invention relates to polyamides, and, more particu 
larly, to mono?lament therewith a modi?ed surface. 
The art describes various types of surface-modi?ed ther 

moplastic ?laments having pitted, scratched, or longitu 
dinally-ridged surfaces. Such surface modi?cation has been 
achieved, ‘for example, by mechanical abrasion according 
to US. Pat. 2,229,347, by caustic treatment according to 
British Pat. 664,921 and by addition of particulate matter 
according to British Pat. 951,768. 
This invention comprises polyamide mono?lament which 

has a modi?ed surface. The surface is etched as well as 
irregularly ridged. The ridges are predominantly trans 
verse to the length of the ?lament, rather than along the 
length of the ?lament. “Etched” as used herein refers to 
?ne structure roughness on the surface of the ?lament be 
tween and across the ridges. 

In the ?gures: 
FIGS. 1, 2, and 3 show embodiments of the invention 

employing polyhexamethylene sebacamide mono?lament; 
FIG. 4 shows polyhexamethylene sebacamide ?lament 

prior to treatment to form the product of this invention; 
FIGS. 5, >6, and 7 show embodiments of this invention 

employing polyhexamethylene adipamide ?lament; and 
FIG. 8 shows polyhexamethylene adipamide ?lament 

prior to treatment to form the product of this invention. 
The synthetic polyamides which are useful in the ?la 

ment of this invention are those which are of su?‘icient 
molecular weight to be ?ber-forming and comprise, for 
example, polycaprolactam; polyhexamethylene adipamide; 
polyhexamethylene sebacamide; the polyamide formed 
from 1,4-(cis)-cyclohexane-bis(methylamine) and adipic 
acid as described in Bell et al., US. Pat. 3,012,994, issued 
Dec. 12, 1961; the polyamide from m-xylene diamine and 
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adipic acid as described in Caldwell et al., US. Pat. 2,916, 
475, issued Dec. 8, 1959; the polyamide from 3,5-dimethyl 
hexamethylene diamine and terephthalic acid as described 
in Magat, US. Pat. 2,752,328; the polyamide from 2,5 
dimethylpiperazine and adipyl chloride as described in 
Wittbecker, US. Pat. 3,143,527, issued Aug. 4, 1964; co 
and polyhexamethylene sebacamide wherein the weight 
adipamide; copolymers of polyhexamethylene adipamide 
and polyhexamethylene sebacamide wherein the weight 
percentage of the latter monomer in the copolymer is up to 
20% or over 80%; and polyamides from bis(4-aminocy 
clohexyl) methane and dicarboxylic acids containing 6-14 
carbon atoms, as described in Bolton et al., US. Pat. 2, 
512,606, issued June 27, 1950. The preferred polyamides 
are polyhexamethylene adipamide and polyhexamethylene 
sebacamide. 

The ?lament to be treated to produce the product of 
this invention can be made using any of the conventional 
extrusion and drawing techniques. Its diameter can vary 
widely, for example, in the larger diameter range of about 
3-150 mils. 
The preferred product of this invention is polyhexa 

methylene adipamide or polyhexamethylene sebacamide 
mono?lament with a diameter in the range 3—150 mils. 
To produce the product of this invention, the polyamide 

?lament can be passed through a conventional steam tube 
in the presence of steam at a pressure in the range of about 
l00—150 p.s.i.g. ' 

The contact time of the ?lament in the steam tube can 
be in the range 0.1-10 seconds. The ratio of the speed of 
the roller at the exit’ of the steam tube to that of the roller 
at the entrance to the stream tube should be a least suf 
?cient to take up any slack. 

The actual selection of process conditions from within 
the ranges cited above is dependent upon numerous vari 
ables. The ?lament may be contacted with water prior to 
its introduction into the steam chamber. Important vari 
ables include, but are not con?ned to, the contact time of 
the ?lament in the steam tube, steam pressure and quality, 
polyamide composition, and ?lament diameter. The steam 
pressure and quality and the contact time of the ?lament 
in the steam tube must be selected interdependently to 
achieve the product described herein. For example, with 
some polyamide compositions, a sufficient degree of sur 
face etching and ridging may not be achieved by selection 
of the lowest steam pressure and combined with the low 
est contact time mentioned herein. Moreover, treatment of 
some polyamide compositions under a combination of the 
highest pressure and contact time herein may cause dim 
inution of the sharpness of the ridges formed. 
The ?gures attached are electron microscope photog 

raphs of ?lament taken with a “Stereoscan” Electron 
Microscope manufactured by Cambridge Instrument 
‘Company, Ltd, London, England. Each photomicro 
graph is at a magni?cation of 120x. 

FIGS. 1, 2, and 3 show a ZO-mil diameter ?lament of 
polyhexamethylene sebacamide which is etched and 
ridged according to the present invention. FIG. 4 is iden 
tical ?lament prior to treatment as described herein. FIG. 
1 corresponds to Example 4 herein, FIG. 2 to Example 
5, FIG. 3 to Example 6 and FIG. 4 to Control A. 

FIGS. 5, 6 and 7 show 20-mil diameter polyhexa 
methylene adipamide mono?lament etched and ridged 
according to the present invention. FIG. 8 is the same 
?lament before treatment to form the product of this 
invention. FIG. 5 corresponds to Example 11 herein, 
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FIG. 6 to Example 12, FIG. 7 to Example 1_4_ and FIG, 
' 8 to Control B. ‘ 

An apparatus conveniently employed to make the prod 
uct of this invention is a steam tube of any design which 
permits the maintenance of an environment of high-pres 
sure steam on the ?lament as it passes continuously 
through that steam tube. Thus, it is generally desired to 
employ a tube the construction of which optimizes pres— 
sure leakage from the chamber, for example, one wherein 
the ?lament entrance and exit ports are of a cross-sec 
tional area only slightly larger than the cross-sectional 
area of the ?lament being passed therethrough toypermit 
turbulence. Steam tubes with low-friction internal sur 
faces, i.e., with ?uorocarbon polymer surfaces, may be 
used to advantage herein. ‘ . , 

Illustrative of the steam tubes in which pressure of 
steam can be maintained on the ?lament is one which 
consists of an outer, jacket or pipe and a perforated core. 
Steam is introduced into the space between the outer 
pipe and core and passes through the openings and into 
contact with the ?lament which continuously enters and 
exits at either end of the core. 
The steam tubes employed in the examples below were 

composed of 1Az-inch stainless-steel pipe over an inner 
stainless‘ tube with a 125-mil outside diameter and an 
inside diameter of either 55 or 85 mils, depending on 
the diameter of the ?lament to be treated. The inner 
tube had a plurality of 1A6-inch openings drilled radially 
along its length; Steam was admitted into the outer jacket 
and passed through the openings, into the core. The over 
all length of both the outer pipe and core was 6 inches. 
The physical properties of the ?lament reported below 

were determined by the following methods, on ?lament 
which had been stored at 23° C. and 50% relative 
humidity for at least 2 days after treatment according 
to this process. The tensile strength for a ?lament hav 
ing a diameter (D) in inches and a break load (BL) in 
pounds, as measured on an Instron Universal Tensile 
Tester using a 10-inch gap (?lament segment)’ and draw 
ing at 10 inches per minute at 23° C. and 50% relative 
humidity, was calculated by Equation 1: 

(l) 4BL 
TDZ,» I ,, 

Ultimate elongation was determined (unless otherwise 
stated) from the Instron Chart mentioned above by drop 
ping a perpendicular from the break pointsto the time 
axis of the chart, then measuring the distance (C’) along 
the time axis from the point where said perpendicular 
hits the axis to the beginning of the load-time curve, 
calculating ultimate elongation by Equation 2, wherein 
L is an initial gage length in inches and m: is chart mag 
ni?cation, i.e., chart speed ‘divided by cross-head speed. 

(2) 

Tensile strength (in p.s.i.) = 

Ultimate elongation (in percent) 

Tensile modulus was also measured on an Instron 
Universal Tensile Tester using a 10-inch gap, but drawing 
at 1 inch per minute. Tensile modulus is calculated by 
Equation 3, wherein C is distance on the Instron Chart 
in inches and P is the load in pounds at that point: 

(3) . . . _4PmL Tensile modulus (1n p.s.1.) -m 

The following examples are presented to illustrate but 
not to restrict the present invention. Parts and percent 
ages are by weight unless otherwise noted. . _ 
The contact time referred to in the examples is the 

time in seconds during which the ?lament is inside the 
steam tube, and is calculated by dividing the steam tube 
length by the linear input speed. 

In each example, the mono?lament was passed through 
the steam tube as indicated in Examples 1-7. The con 
ditions of treatment and tensile properties of ?lament to 
be treated and of the product are found in Table I. 
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.. . .EXAMPLESkZ . . 

The ?lament to be treated herein was 20-mil diameter 
?lament of polyhexamethylene sebacamide which had 
been manufactured in a single-stage draw operation at a 
draw ratio of 4.0 and then conditioned at 180° C. in air 
for 90 seconds. The polyamide contained 0.44% nigro 
sine black azine dye. The properties of the ?lament be 
fore treatment are found in Table I as Control A. 

In each example, the untreated mono?lament was 
passed from a supply reel over an input roll, through the 
steam tube described above which contained 94-96% 
quality steam (percent ' by weight-remainder liquid 
water) at the pressure and'for the vcontact time indicated 
in Table .I, ‘and onto a take-off roll revolving at a speed 
suf?cient ‘to. take up any. slack which resulted from slight 
elongation of the ?lament during steam treatment._How 
ever, the ?lament‘ was not drawn in any of the examples. 
The various rolls were operated at ambient conditions. 
The tensile properties of the products are found in 
Table I. '1 ' 

EXAMPLES 8-14 

The ?lament to be treated herein was 20-mil diameter 
black polyhexamethylene adipamide. mono?lament (con 
taining 0.5% indul'ene dye) ‘which had been manufac 
tured in’ a single-stage draw operation at a draw ratio 
of 4.0, and then conditioned at 180° C. in?air for 90 
seconds. The properties of the mono?lament before treat~ 
ment are found in Table I as Control B. 

EXAMPLE 15 

The ?lament to be treated was 3-mil diameterpolyhexa 
methylene adipamide mono?lament which had been man 
ufactured in a single-stage draw operation at a draw ratio 
of 4.0. The properties of the ?lament to. be treated are 
found in Table I as Control C. 

EXAMPLES 16-18 
The ?lament to be treated was SO-mil diameter poly 

hexamethylene adipamide mono?lament containing 2% 
lithium bromide, which had been manufactured in a single 
stage: draw-operation at a draw ratio of 4.0. The initial 
propertiesof the ?lament are found in Table I as Control 
D.“ j '. . ‘ ' ‘ ' 

' EXAMPLES 19-21 

. The'?lament to be treated. was 60-mil diameter poly 
hexamethylene sebacamide mono?lament, which had been 
manufactured in a single-stagedraw operation at a draw 
ratio of 4.0, and then conditioned at 180° C. inrair for 
90 seconds. The tensile properties of the ?lament to be 
treated are in Table I as Control E. ‘ 

In Example 21, the treatment conditions were such that 
the. sharpness of the transverse ridges was diminished dur 
ing treatment as compared with the ridges observed with 
the ?lament produced in Example 20. 

EXAMPLES 22-23 

The ?lament to be treated was‘ 30-mil diameter poly 
hexamethylene adipamide mono?lament containing‘2% 
lithium bromide, which had been made in a single-stage 
draw operation at a draw ratio of 4.0.. The initial proper— 
ties of ‘the ?lament are found in Table I as Control’ F. 

EXAMPLES 24-25v 
A ?lament of the type set forth in Example 22 which 

was 22 mils in diameter and of polyhexamethylene adip 
amide containing 2% lithium bromide (as exemplary of 
many operable halides). was made by drawing in two 
stages at a draw vratio of 4.0x thence 1.47>< for a total 
draw ratio of 5.8x. A length of the drawn'?lament was 
treated with 94~96% quality steam at 130 p.s.i.g. for 0.45 
second according to the general technique described here— 
inabove. The properties of the mono?lament were: break 
strength 49.3 pounds; elongation at break 16.9%; straight 
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tenacity 120,000 p.s.i. and loop tenacity (6 inch length) 
48,000 p.s.i. (measured on an Instron Tester at 24° C. 
and 55% RH using an elongation rate of 60% /minute). 
This steam-treated mono?lament was dipped in a conven 
tional adhesive resorcinol-formaldehyde latex dip, treated 
at 325° F. with 1.5% applied stretch for 2.0 minutes, and 
at 420° F. with 3.0% applied stretch for 0.6 minute. The 
steam-treated mono?ls were tested in rubber stock and in 
tires by normal testing procedures and found to provide 

, excellent adhesion to rubber stock and superior ?ex life 
and plunger energy in tires when compared to conven~ 
tional tire cords or untreated controls. Filaments made 
with lower draw ratio having a tenacity of at least 110, 
000 p.s.i. and a loop tenacity of at least 33,000 p.s.i. were 
also found to be satisfactory when tested in tires. 
The ?lament of the present invention exhibits a char 

acteristic surface structure which combines a series of 
irregular ridges on the surface of the ?lament, which are 
predominantly transverse the length of the ?lament, ac 
companied by etching or roughening of the surface of 
the ?lament between and across the ridges. 

In addition to the above qualitative description of the 
surface of the ?lament of this invention, the surface 
ridges thereof may be described in terms of certain meas 
urements described below, and reported for the examples 
in Table II. The measurements may be made by any con 
,venient method. For Examples l-23, the measurements 
were made herein using a “Zetopan” Research Microscope, 
manufactured by C. Reichert Co. (Austria), ?tted with 
a calibrated eyepiece having a movable cross hair. Sur 
face features of the ?lament were measured from scale 
readings on the knurled knob by which the cross hair 
was moved observing its position relative to the surface 
feature of the ?lament. The scale on the eyepiece was 
calibrated with a 0.01 mm. grating. For Example 24, meas 
urements were made upon the photomicrographs of the 
product ?lament with a ruler. 
The measurements made on the ridges were the fol 

lowing. Height (H) is the distance from the bottom of 
a valley to the top of a peak on the ?lament surface. 
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Width (W) is the width of the ridge measured from trough 
to trough. Separation (S) is the separation of the ridges 
measured from peak to peak. The above physical meas 
urements are average values except where a range of 
values is given. The averages represent measurements 
which were grouped relatively closely together. 
The ?lament of the present invention is characterized 

in that, for ?lament of the diameter range 3-150 mils, H 
is at least 0.2 mil, preferably at least 0.5 mil. Usually the 
maximum H in this diameter range is less than several 
mils. It is obvious that with ?lament at the lower end of 
the 3-150 mil range, the maximum H may be less than 
a mil. 
A parameter based on H, W, and S useful in describing 

quantitatively the ridged nature of the ?lament of this in 
vention is the ridge factor (FR), which is calculated as 
follows: 

FR: 10 H (W/S) 
FR values calculated for the examples reported herein are 
found in Table II. For those examples where a range is 
reported for W and S, a range has also been calculated for 
PR. The ?lament of this invention which has a diameter 
in the range 3-150 mils is characterized by having the FR 
greater than approximately 2, and preferably greater than 

25 about 4-5. 
The polyamide employed to make the ?lament of this 

invention may be modi?ed by additives such as stabilizers, 
dyes, and the like, if so desired. 
The ?lament of this invention in the 3-150 mil range 

is particularly useful where a cleaning or scrubbing action 
is desired, as in hairbrushes, where the surface structure 
helps to remove and hold dirt, and in toothbrushes and 
other wet-surface brushes where the roughness serves both 
to scrub the surface and hold large volumes of the clean 

35 ing medium. In addition to the above described improved 
performance in pickup and retention of solids and liquids, 
the dull appearance of the ?lament of this invention 
renders it appropriate for use in wigs and personal brushes, 
where there is a subjective preference for a non-glossy 
surface. 

TABLE L-PROCESS VARIABLES AND PRO¥ERTIES OF STEAM 
ROUGHENED PRODUC 

Steam Contact Roll speed Tensile Tensile Ultimate 
pressure time ratio strength modulus elongation 

Example (p.s.Lg.) (see) (out/1n) (p.s.i.) (p.s.i.) (percent) 

120 0. 1 1. 04 54, 405 478, 900 29. 0 
135 0. 1 1. 03 54, 040 560, 200 29. 0 
100 5. 0 1. 00 45, 340 444, 500 45. 1 
120 0. 5 1 00 40, 420 470, 700 18. 2 
135 0. 5 1 025 38, 330 436, 800 19. 4 
135 1.0 1. 05 29, 500 411, 000 15. 6 
120 1.0 1.00 17, 430 419,100 8. 7 

_______________________________________________ _ _ 56, 650 576, 900 28. 6 

120 0. 1 1. 00 55, 280 557, 800 26. 1 
135 0. 1 1. 005 51, 910 541, 100 22. 3 
120 0. 5 1. 01 48, 280 465, 000 27. 7 
120 l. 0 1. 00 47, 380 441, 900 31. 5 
135 0. 5 1.01 45, 300 463, 000 26. 1 
135 l. 0 l. 00 40, 800 414, 400 28. 2 
120 5. 0 1. 00 34, 930 386, 900 24. 0 

_______________________________________________ -- 57, 320 610, 500 27. 3 

130 0. 3 1. 0 28, 400 282, 000 25. 0 
________________________________________ _- 74, 300 661, 000 26. 6 

132 5. 0 1. 0 66, 200 695, 000 23. 7 
120 5. 0 1. 0 49, 600 579, 000 29. 5 
132 0. 6 1.0 59,400 642,000 24. 8 

_ 68, 900 792, 000 ~ 25. 0 

134 0. 316 1. 0 45, 800 437, 000 22. 9 
134 0.968 1. 0 46, 600 470, 000 20. 2 
134 2. 4 1. 0 42, 200 432, 000 20. 6 

_ . _ _ 49, 600 655, 000 20. 5 

130 0. 2 l. 0 ______________________________________ . 
130 0. 3 1. 0 ______________________________________ __ 

F _______________________________________________ _- 73, 500 780, 000 24. 9 
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TABLE II.——MEASUREMENTS ON‘ RID GES IN ‘PRODUCT 
Filament _ Separa- Ridge 
diameter ' Height Width tion factor 

Example (mil) (mil) (mil) (mil) ‘ (FR) 

20 0. 3 0. 7 o. 7 ' 3 
20 0. 3 1. 2 1. 5 ~ 2 
20 0. 3 2. 9 2. 9 3 
20 0. 8 4. 4 (H) 6-4 
20 1. 0 5. 8 6-12 10-5 
20 1. 5 . . 7. 3 7-17 15-6 
20 1. 5 7. 3 7-17 _ 15-6 

20 ' 0. 1 _ 0. 7' 0. 9 1 
20 0. 2 1. 2 1. 5 ’ 2 
20 0. 4 2. 9 5. 8 2 
20 0. 5 5. 1 6-9 5-3 
20 0._6 . 5. 1 6-9 5-3 

- 20 0. 7 6. 8 ‘ 6~~10 7-4 
. 20 0. 8 4. 4 3-6 8-4 

3 0. 6 6; 0 7. 3 5 

50 g 0. 5 2. 9 4-7 3-2 
50 ‘ 0. 2 2. 2 3 1 
50 0. 5 4. 4 6-9 4-3 

60 0. 3 0. 7-4 0. 74 ' 4). 5 
60 ' 0.9 5.8 ."6—9 ' 9-6 
60, 0. 8 5. 8 67-9 8-5 

30 0. 6 i . 5. 8 6-9 6-4: 
30 0.6 5. 8 6 6 

What is claimed is: i I 

1. Synthetic polyamide mono?lament with a surface 
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structure which is ‘etched and which’has" irregular ridges 
in a- direction predominantly transverse ‘to theplength'of 
the ?lament, said ?lament having a diameter in the range 
of from 3-150’ mils, 'and""wherein'the‘ average height of 
said ridges is at least about 0.2 mile and the average fridge 
factor is at least‘about 2 mils. ‘ > " ‘ ' 

2. Filament according to claim 1 wherein the'average 
height of said ridges is at least about 0.5 mil and the 
average ridge factor is at least about 4 to 5 mils. 
' > 3. Filament according to claim 1 wherein the polyamide 
is polyhexamethylene adipamide. ’ ' ‘_ 

4. Filament according to claim 1 ‘wherein the polyamide 
'is polyhexamethylene sebacarnide. 
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