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5,403,444 
1. 

PRINTABLE, HIGH-STRENGTH, 
TEAR-RESISTANT NONWOVEN MATERAL AND 

RELATED METHOD OF MANUEFACTURE 

RELATED APPLICATION 

This is a continuation-in-part of application Ser. No. 
07/489,427, filed on Mar. 5, 1990, now U.S. Pat. No. 
5,133,835. 

FIELD OF THE INVENTION 

This invention generally relates to high-tensile 
strength synthetic nonwoven materials fabricated by 
wet-laid processes. In particular, the invention relates to 
a paper-like web made with polyester fibers which pro 
vides a high-strength printable protective wrap mate 
rial. 

BACKGROUND OF THE INVENTION 
High-tensile-strength paper-like webs made of syn 

thetic nonwoven composites have diverse application as 
insulating housewrap, bookbinding and protective wrap 
materials. For such applications it is advantageous to 
provide a paper-like material which is printable and 
characterized by high tear resistance. 
A known material suitable for use as a housewrap and 

other high-strength applications is marketed under the 
brand designation TYVEK by E. I. Du Pont de Ne 
mours and Company, Wilmington, Del. TYVEK is 
100% spunbond polyethylene fiber bonded by heat and 
pressure. TYVEK style 1042B, which is marketed as a 
housewrap material, has the following properties: basis 
weight -26 lb/3000 ft2; thickness-4.9 mils; tensile 
MD-20 lb/inch; tensile CD-22 lb/inch; tear 
MD-0.7 lb; tear CD-0.7 lb; opacity-75%; internal 
bond-0.35 lb/inch. 

U.S. Pat. No. 4,162,180 to Burton et al. discloses a 
flexible wall covering material comprised of pulp and 
two thermoplastic polymeric fibers having different 
plasticity temperatures. The polymeric fibers are se 
lected from the group consisting of polyolefins, polyam 
ides, polyesters, polyurethanes, polycarbonates, vinyl 
and acrylic resins. In wall covering applications, the 
sheet material is heated to a temperature intermediate 
the plasticity temperatures of the two thermoplastic 
materials, so that the fibers of one of the thermoplastic 
materials are rendered plastic and fuse together to form 
a three-dimensional network in the sheet while the 
other thermoplastic material retains its fibrous struc 
ture. 
Canadian Patent No. 787,649 discloses nonwoven 

materials made of a mixture of three-dimensionally ori 
ented fibers of different lengths. In accordance with the 
disclosure of this prior art, synthetic fibers, natural fi 
bers and fibers made of inorganic materials can be used 
either alone or in a mixture with each other. The syn 
thetic fibers may include polyanides, polyesters, poly 
acrylonitrile, polyvinyl chloride, polyvinylidene chlo 
ride, polyolefins and polyurethanes used alone or in 
mixture with each other. The Canadian patent discloses 
that the synthetic fibers can be of different lengths. In 
particular, in Examples 1 and 7 a nonwoven material is 
described which includes polyethylene terephthalate 
fibers of four different staple lengths. Example 4 is di 
rected to a nonwoven material which includes polyeth 
ylene terephthalate fibers of six different staple lengths. 
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SUMMARY OF THE INVENTION 
It is abroad object of the present invention to provide 

a paper-like web made of synthetic nonwoven compos 
ite material which has improved printability, strength 
and tear resistance and related method of its manufac 
ture. 

It is another object of the invention to provide a 
paper-like web made of synthetic nonwoven composite 
material suitable for housewrap and other protective 
covering applications. 
Another object of the invention to provide an eco 

nomical and efficient method for producing a paper-like 
web made of synthetic nonwoven composite material 
having improved printability, strength and tear resis 
tance. 
A further object of the invention is to provide a 

housewrap material in the form of a nonwoven web 
having improved strength due to the elimination of 
wood pulp from the fiber composition. 

In the present invention, these purposes, as well as 
others which will be apparent from the detailed descrip 
tion below, are achieved generally by providing a com 
posite material comprising first and second polyester 
fibers of different length and denier and a binder fiber 
for bonding the first and second polyester fibers in a 
nonwoven mat. The binder fiber contains thermoplastic 
material having a melting temperature different than 
that of the first and second polyester fibers. The ther 
moplastic material of the binder fiber can be a polymer 
different than polyester, e.g., co-polyester, or a polyes 
ter having a molecular weight which is different than 
the molecular weight of the first and second polyester 
fibers. Alternatively and preferably, the binder fiber 
comprises bicomponent fibers having a polyester core 
and a sheath made of a polymer different than polyester, 
e.g., co-polyester. The polyethylene has a melting point 
lower than the melting point of the polyester. 
The component fibers are combined with water into 

a homogeneous mixture and formed into a mat employ 
ing a wet-lay process. A high strength paper-like mate 
rial is formed by thermally bonding the mat under con 
trolled temperature and pressure conditions. 

Strength and porous characteristics are imparted to 
the composite by the combination of polyester fibers 
employed in the invention. In particular, the strength of 
the composite can be improved by varying the polyes 
ter fiber content in accordance with the following func 
tional relations: (a) as the polyester denier increases at 
constant length and amount, the porosity, bulk and 
stiffness of the composite increase and the amount of 
fiber entanglement decreases; (b) as the polyester length 
increases at constant denier and amount, the tensile and 
tear strengths in the MD and CD directions and the 
Mullen burst strength increase and the stiffness de 
creases; and (c) as the quantity of polyester increases at 
constant denier and length, the tensile strength im 
proves, Mullen burst and tear strengths, and porosity. 
increase. 
Other objects, features and advantages of the present 

invention will be apparent when the detailed descrip 
tion of the preferred embodiments of the invention is 
considered in conjunction with the drawings. 

BRIEF DESCRIPTION OF THE DRAWING 
FIG. 1 is a diagrammatic view of an apparatus for 

preparation of stock or furnish for manufacture of the 
composite material of the invention; 
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FIG. 2 is a diagrammatic view of an apparatus for 
formation and drying of a web employed in the manu 
facture of the composite material; 

FIG. 3 is a diagrammatic view of an apparatus for 
thermally bonding the web to form the composite mate 
rial of the invention; 
FIGS. 4A to 4C are photomicrographs, respectively 

at 50X, 100X and 200X magnification, showing the 
microstructure of an uncalendared web material in ac 
cordance with the preferred embodiment of the inven 
tion; and 
FIGS. 5A to 5C are photomicrographs, respectively 

at 50X, 100X and 200X magnification, showing the 
microstructure of a calendared web material in accor 
dance with the preferred embodiment of the invention. 

DETALED DESCRIPTION OF THE 
PREFERRED EMBODEMENTS 

In accordance with the invention, printable, high 
strength, tear-resistant synthetic nonwoven composites 
are provided. The composite material comprises first 
and second polyester fibers of different length and de 
nier and a binder fiber for bonding the first and second 
polyester fibers in a nonwoven mat. The binder fiber 
contains thermoplastic material having a melting tem 
perature different than that of the first and second poly 
ester fibers. A high strength paper-like material is 
formed by thermally bonding the nonwoven mat under 
controlled temperature and pressure conditions. 
The first polyester fiber has a length which may vary 

from 5 mm to inch, preferably from to inch, and a 
denier which may vary from 0.3 to 3. The second poly 
ester fiber preferably has a length which may vary from 
5 mm to 1-3 inch, preferably from to 1-inches, and a 
denier which may vary from 3 to 15. In a preferred 
embodiment, the first polyester fiber is 3-inch x 1.5- 
denier Type 101 polyester fiber and the second polyes 
terfiber is 1-inch x 6.0-denier Type 101 polyester fiber, 
both supplied by Hoechst Celanese Corporation, Wil 
mington, Del. The first and second polyester fibers each 
constitute between 15 and 50 wt.% of the composite 
material. 
The binder fiber is preferably a bicomponent fiber 

having a low-melting-point co-polyester sheath and a 
polyester core, e.g., 5-mm X 2.0-denier bicomponent 
binder fiber Type N-720 supplied by Kuraray Co., Ltd., 
Osaka, Japan. Alternatively, the binder fiber may com 
prise 3-inch X 3.0-denier polyester binder fiber, such as 
Type 259 supplied by Hoechst Celanese Corporation, 
Wilmington, Del. Other binder fibers can be used. The 
binder fiber content may vary between 10 and 40 wt.% 
of the composite material. 
Table I sets forth the fiber specifications for a com 

posite material in accordance with the preferred em 
bodiment. 

TABLE I 
Material Specifications of Composite Material 

Component Brand Length/Denier Weight (%) 
Polyester fiber Type 101 ;" x 1.5 400 
Bicomponent binder N-720 5 mm x 2.0 20.0 
fiber 
Polyester fiber Type 101 1' x 6.0 400 

In accordance with the method of the invention, a 
wet-laid mat of the composite material is dried at tem 
peratures in the range of 200-285 F. and then ther 
mally calendared with rolls heated to temperatures of 
380-395 F. and nip pressures of 50 psi or greater. The 
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4. 
preferred weight per unit area of the composite follow 
ing thermal calendaring is 55 pounds per 3000 ft2. 

Optionally, the composite material may include poly 
propylene pulp. The polypropylene fiber content may 
vary between 0 and 20 wt.% of the composite material. 
The polypropylene fiber can be used to impart struc 
tural bonds to the composite during drying in the wet 
lay process prior to thermal calendaring. Preferably the 
polypropylene fiber used is Pulpex P.A.D. having fibers 
of length 0.8 to 1.5 mm and diameter 20 to 40 microns. 
Pulpex P.A.D. is supplied by Hercules Inc., Wilming 
ton, Del. 

FIG. 1 illustrates an apparatus for preparation of 
stock or furnish for manufacture of the composite in 
accordance with a preferred embodiment containing 
polypropylene. Abatch of polypropylene is prepared in 
a hydropulper 2 by filling the hydropulper with warm 
water, agitating the water, adding polypropylene fiber, 
and then agitating the mixture for approximately 20 
minutes. The polypropylene slurry is then transported 
to a mixing chest 6 via a valve 4. In mixing chest 6 the 
polypropylene slurry is diluted to the desired consis 
tency, that is, 1.0 to 2.5%. 
At the same time a polyester fiber slurry is prepared 

in hydropulper 10 which contains water. In preparation 
of the slurry, the water is agitated, 0.5 lb. of a surfactant 
(Milease T supplied by ICI Americas, Inc., Wilmington, 
Dell) is added and the 1.5-denier polyester fibers and 
2.0-denier bicomponent binder fibers are introduced 
into the slurry. Thereafter, the slurry is mixed for ap 
proximately 3 minutes to disperse the polyester and 
bicomponent fibers. As a web formation aid, an anionic 
polyacrylamide (2.0% solids based on fiber weight, 
Separan AP-273 supplied by Dow Chemical, Midland, 
Mich.) is added to the slurry followed by the 6.0-denier 
polyester fiber. The slurry is mixed for a sufficient time 
to disperse the polyester fiber in a uniform fashion. 
Visual inspection is used to determine when fibers are 
totally separated and well dispersed. The fiber slurry is 
then transported to mixing chest 14 via valve 12. 

After the polypropylene slurry has been suitably 
mixed in mixing chest 6 and the polyester and bicompo 
nent fibers have been suitably mixed in mixing chest 14, 
the slurries are respectively transported to blending 
chest 18 where the mixture is blended and diluted to the 
desired consistency, i.e., 0.01 to 0.1%. The slurry is 
transported to the machine chest 22 via a valve 20 and, 
thereafter to the web-forming machine via valve 24. 

FIG. 2 is a diagrammatic view of an apparatus for 
formation and drying of a web employed in the manu 
facture of the composite in accordance with the inven 
tion. The homogeneous fiber slurry is received by head 
box 26. A web 32 is formed by machine 28 using a 
wet-lay process in accordance with conventional paper 
making techniques. Thereafter, the web 32 enters a 
stack of drying rollers 30, which remove water from the 
web. The dried web 32 is then wound up on a reel (not 
shown in FIG. 2) for further processing. 
A high-strength and densified composite material is 

provided by thermally bonding the dried web 32 in a 
calendar. See FIG. 3. On the process line, the web 32 is 
unwound from the reel 34, and fed by guide roll 36 to 
the nip between calendar rolls 38 and 38. Calendar rolls 
38 and 38' which are preferably fabricated of steel, are 
heated to a temperature and maintained at a compres 
sion pressure, respectively, in the range of 360-410 F. 
and 40-70 psi. Preferred results are obtained at a tem 
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perature of approximately 385 F. and pressure of 50 
pS1. 

Thereafter, the web in succession enters a second nip 
formed by a soft top roll 40 and a steel bottom roll 42 
and a third nip formed by a steel top roll 44 and a soft 
bottom roll 46. The pressure at the second and third 
nips is 15 to 35 psi. After passing between rolls 44 and 
46, the thermally bonded web contacts guide roll 49 and 
is then wound up on reel 50. 
The same process can be used to make the preferred 

embodiment having no polypropylene, except that the 
steps relating to formation of a polypropylene slurry 
may be eliminated. 
Table II sets forth physical properties of the pre 

ferred embodiment of the invention, i.e., the embodi 
ment having no polypropylene, following thermal 
bonding. 

TABLE II 
Physical Properties of Composite Material - 

TAPPI* No. Physical Property Uncalendared Calendared 
410 Basis Weight 

(3000 ft2) 40.0 400 
(oz/yd) 2.0 2.0 

411. Caliper (mils) 15.3 6.3 
251 Porosity-Permea- 620 70 

bility, Frazier 
Air (cfm) 

403 Mullen Burst (psi) 12 150 
44 Elmendorf Tear 350/Tears 650/Will 

(gm) (MD/CD) to length not tear 
511 MIT Fold -- 2000-v2000 

(MD/CD) 
494 Instron Tensile 2.2/1.4 34.4/26.6 

(1b/in.) 
(MD/CD) 

494 Elongation (%). 5.8/18.1 2.2/14 
(MD/CD) 

494 TEA (ft-lb/ft2) 1.8/3.0 8.2/3.9 
(MD/CD) 

452 GE Brightness 96.0 96.0 
425 Opacity (%) 47.0 55.8 

*Standards of the Technical Association of the Pulp and Paper Industry ("TAPPI"), 
Technology Park, Atlanta, Georgia. 

FIGS. 4A to 4C are photomicrographs of the uncal 
endared, i.e., unbonded, web material in accordance 
with the preferred embodiment, i.e., containing no poly 
propylene, respectively taken at magnifications of 50X, 
100X and 200X. Fiber components in the composite 
material are identified in the photomicrographs as fol 
lows: 1.5-denier polyester fiber 52, 6.0-denier polyester 
fiber 54, and 2.0-denier bicomponent binder fiber 56. 
The uncalendared web has a microstructure of entan 
gled individual fibers, that is, the bicomponent binder 
fibers do not exhibit bonding at fiber interfaces in the 
web matrix. As best seen in FIG. 4C, the web includes 
void areas in inter-fiber spaces. 
FIGS. 5A to 5C are photomicrographs of the ther 

mally bonded web material in accordance with the 
preferred embodiment, i.e., containing no polypropyl 
ene, respectively taken at magnifications of 50X, 100X 
and 200X. Fiber components in the composite material 
shown in FIGS. 5A-5C are identified with the same 
reference numerals used in FIGS. 4A-4C. 
The calendared composite exhibits a microstructure 

in which fiber interfaces are fused due to melting of the 
co-polyester sheath of the bicomponent binder fiber. 
The co-polyester sheath has a melting point lower than 
that of polyester. The calendaring of the composite web 
effects a reduction in the fiber spacing, i.e., by fiber 
compression and bonding. The density of the web mate 
rial and the flatness (levelness) of the surface of the web 
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material are substantially enhanced in the calendaring 
process. 
The foregoing preferred embodiments have been 

described for the purpose of illustration only and are 
not intended to limit the scope of the claims hereinafter. 
Variations and modifications of the composition and 
method of manufacture may be devised which are nev 
ertheless within the scope and spirit of the invention as 
defined in the claims appended hereto. For examples, it 
will be apparent to practitioners of ordinary skill that 
binder fibers different than those specified herein may 
be used, so long as the binder fiber contains thermoplas 
tic material having a melting point lower than that of 
the polyester fibers and providing adequate bonding of 
those polyester fibers to form a nonwoven web with 
high tensile strength. 
We claim: 
1. A nonwoven composite web comprising: 
15 to 50 wt.% of first polyester fibers having a first 
length and a first denier; 

15 to 50 wt.% of second polyester fibers having a 
second length and a second denier; and 

10 to 40 wt.% of binder fibers containing a thermo 
plastic binder material having a melting tempera 
ture less than the melting temperature of either of 
said first and second polyester fibers, 

wherein said first and second polyester fibers are 
bonded to form said nonwoven mat at least in part 
by solidification of said thermoplastic binder mate 
rial after subjecting said fibers to temperatures in 
excess of said melting temperature of said thermo 
plastic binder material, but not in excess of the 
melting temperature of either of said first and sec 
ond polyester fibers, wherein said first length is in 
the range of 5 mm to inch, said first denier is in 
the range of 0.3 to 3, said second length is in the 
range of 5 mm to 1-inches, and said second denier 
is in the range of 3 to 15. m 

2. The nonwoven composite web as defined in claim 
1, comprising 40 wt.% of said first polyester fibers, 40 
wt.% of said second polyester fibers, and 20 wt.% of 
said binder fibers. 

3. The nonwoven composite web as defined in claim 
1, further comprising up to 20 wt.% of polypropylene 
fibers. 

4. The nonwoven composite web as defined in claim 
1, wherein said binder fibers comprise bicomponent 
fibers having a core made of polyester and a sheath 
made of co-polyester, said co-polyester having a melt 
ing temperature which is less than the melting tempera 

55 
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ture of either of said first and second polyester fibers. 
5. The nonwoven composite web as defined in claim 

4, comprising 40 wt.% of said first polyester fibers, 40 
wt.% of said second polyester fibers, and 20 wt.% of 
said bicomponent fibers. 

6. The nonwoven composite web as defined in claim 
1, wherein said binder fibers comprise third polyester 
fibers, said third polyester fibers having a melting tem 
perature which is less than the melting temperature of 
either of said first and second polyester fibers. 

7. The nonwoven composite web as defined in claim 
1, comprising substantially no wood pulp. 

8. A nonwoven composite web comprising: 
15 to 50 wt.% of first polyester fibers having a length 

in the range of 5 mm to inch and a denier in the 
range of 0.3 to 3; 



5,403,444 
7 

15 to 50 wt.% of second polyester fibers having a 
length in the range of 5 mm to 1-3 inches and a 
denier in the range of 3 to 15; and 

10 to 40 wt.% of bicomponent binder fibers compris 
ing a sheath of co-polyester and a core of polyester, 
said co-polyester having a melting temperature less 
than the melting temperature of either of said first 
and second polyester fibers, 

wherein said first and second polyester fibers are 
bonded to form said nonwoven mat at least in part 
by solidification of said co-polyester after subject 
ing said fibers to temperatures in excess of said 
melting temperature of said co-polyester, but not in 
excess of the melting temperature of either of said 
first and second polyester fibers. 

9. The nonwoven composite web as defined in claim 
8, comprising 40 wt.% of said first polyester fibers, 40 
wt.% of said second polyester fibers, and 20 wt.% of 
said bicomponent binder fibers. 

10. The nonwoven composite web as defined in claim 
8, further comprising up to 20 wt.% of polypropylene 
fibers. 

11. A method of manufacturing a nonwoven compos 
ite web comprising the following steps: 

forming a furnish by mixing 15 to 50 wt.% of first 
polyester fibers having a first length and a first 
denier, 15 to 50 wt.% of second polyester fibers 
having a second length and a second denier, and 10 
to 40 wt.% of binder fibers containing a thermo 
plastic binder material having a melting tempera 
ture less than the melting temperature of either of 
said first and second polyester fibers; 

forming a web from said furnish by conventional 
papermaking techniques; and 

calendaring said web at a predetermined pressure and 
at a predetermined temperature in excess of said 
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melting temperature of said thermoplastic binder 
material but less than said melting temperature of 
either of said first and second polyester fibers, 
wherein said predetermined temperature is in the 
range of 360° to 410 F. and said predetermined 
pressure is in the range of 40 to 70 psi and wherein 
said first length is in the range of 5 mm to 3 inch, 
said first denier is in the range of 0.3 to 3, said 
second length is in the range of 5 mm to 1-3 inches, 
and said second denier is in the range of 3 to 15. 

12. The method as defined in claim 11, wherein said 
predetermined temperature is in the range of 360 to 
410 F. and said predetermined pressure is in the range 
of 40 to 70 psi. 

13. The method as defined in claim 11, wherein the 
fiber composition of said furnish is 40 wt.% of said first 
polyester fibers, 40 wt.% of said second polyester fibers 
and 20 wt.% of said binder fibers. 
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14. The method as defined in claim 11, further com 
prising the step of adding up to 20 wt.% of polypropyl 
ene fibers to the fiber composition of said furnish. 

15. The method as defined in claim 11, wherein said 
binder fibers comprise bicomponent fibers having a 
core made of polyester and a sheath made of co-polyes 
ter, said co-polyester having a melting temperature 
which is less than the melting temperature of either of 
said first and second polyester fibers. 

16. The method as defined in claim 11, wherein said 
binder fibers comprise third polyester fibers, said third 
polyester fibers having a melting temperature which is 
less than the melting temperature of either of said first 
and second polyester fibers. 

17. The method as defined in claim 11, wherein no 
wood pulp is added to said furnish. 
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