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original patent but forms no part of this reissue specifi 
cation; matter printed in italics indicates the additions 
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ABSTRACT OF THE DISCLOSURE 
A face mask having high and prolonged filtering ef 

ficiency specially adapted for surgical use formed from 
a filtering web composed entirely of synthetic organic 
fibers including filtering fibers 0.5 to 6 microns in diameter 
and a non-fuzzy face contacting layer formed from a 
porous smooth-surfaced thermoplastic film. 

This case is a continuation-in-part of my copending 
application Ser. No. 623,369, filed Mar. 15, 1967 now 
abandoned. 

This invention relates to face masks having high and 
prolonged filtering efficiency, particularly suitable for use 
as surgical masks. 
The surgical face masks which have been standard for 

decades and which are in wide usage even today are 
composed of layers of gauze covering the nose and mouth. 
Even though the bacteria filtration efficiency of such 
masks is quite low initially and becomes even lower after 
a very short wear period, these masks have been widely 
used because they are easy to breathe through. Substitute 
material such as foamed rubbers, or nonwoven webs 
formed from conventional synthetic organic fibers, have 
suffered from these same disadvantages. Substitute mate 
rials incorporating small diameter inorganic fibers, such 
as asbestos or glass, while providing good breathing and 
filtering characteristics, tend to present health hazards 
due to the possibility of inhalation of small inorganic 
particles. Furthermore, even very fine glass fibers, e.g. 
3 or 4 microns in diameter, can cause skin irritation. The 
use of very fine organic fibers has not been found prac 
tical prior to the present invention because webs made 
therefrom tended to be difficulty handleable and uncom 
fortable due to fuzziness of the material; or if made more 
coherent by heat and pressure tended to present too high 
a resistance to breathing. 
The present invention provides face masks having high 

and prolonged filtering efficiency. The masks of this in 
vention are sufficiently economical to be disposable after 
use. These masks combine high filtering efficiency with 
wearing and breathing comfort, avoidance of fuzziness 
or other skin irritating properties, and the avoidance of 
the hazard of inhaling irritating particles. The masks of 
this invention combine a filtering layer formed from tiny 
synthetic organic fibers which provide high small-particle 
filtering efficiency and yet have enough void volume to 
provide ease of breathability or low resistance to air flow 
in combination with a smooth very porous fuzz-free, tear 
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resistant, moisture-resistant surface layer for contacting 
the face. The inner, face-contacting surface layer is non 
absorbent, and thus allows moisture and other small parti 
cles to pass therethrough without becoming wet to the 
touch, even after prolonged wear. Masks of this inven 
tion are free of objectionable odors and in finished form 
are preferably substantially free of solvents or odor caus 
ing adhesives. Due to the nature of the preferred synthetic 
organic polymeric materials, the masks of this invention 
are resistant to deterioration from the moisture normally 
present in exhaled air. Preferably the outer side of the 
mask is also covered by a porous fabric. These layers are 
preferably held together only around the edges, but could 
also be fastened together at other points if desired. The 
mask is provided with tie strings, elastic, or the like, to 
hold the filtering portion of the mask over the user's nose 
and mouth and is preferably provided with a strip of soft 
deformable metal or the like along the edge of the mask 
designed to cover the user's nose, to provide a close fit 
which minimizes leakage of exhaled air around the edge 
of the mask, 
The invention will be further explained with reference 

to the accompanying drawings wherein: 
FIG. 1 is a perspective view of a mask of the present 

invention; 
FIG. 2 is a cross-sectional view of the mask of FIG. 1 

taken along line 2-2; and 
FIG. 3 is a perspective view showing a mask of this 

invention in use. 
Face mask 10 consists of a central, usually rectangular 

body portion 12 intended to cover the lower portion of the 
face of the user. The mask is further provided with ties 
14 at the ends thereof for securing the mask over the face 
of the user. A pleat 16 may be formed in the body portion 
of the mask to permit unfolding or widening thereof to 
cover generally the nose, mouth, and chin of the user. In 
the folded condition the mask is more compact for pack 
aging, shipment and storage. Edge binding 18 may be 
conveniently used to hold the layers forming the body 
portion 12 of the mask together, as well as holding in 
place the ends of the pleat 16. Ties 14 may also be 
extensions of the edge binding 18, or may be separate 
fabric or elastic strips if desired. Stitching 20 is a preferred 
means of holding the edge binding and layers of the mask 
body portion in place. Heat sealing, adhesives, or tapes 
and the like could also be used. 
As seen in FIG. 2, body portion 12 of the mask is pref 

erably formed of three layers. The central layer is filter 
ing web 22, a web of tiny thermoplastic organic fibers. 
A surface of filtering web 22 is superimposed upon a 
surface of face contacting layer 24. Face contacting layer 
24 is a thin soft flexible self-sustaining nonabsorbent 
highly porous discontinuous film of fused and coalesced 
nonwoven, inert, thermoplastic, synthetic polymeric fibers. 
The face contacting surface of layer 24, i.e. the exposed 
surface, is the surface opposite to the inner surface which 
contacts filtering web 22. This exposed surface feels 
smooth and is skinlike in nature. The outer layer 26 of 
the mask may be formed from any porous fabric, woven 
or nonwoven. In an alternative form of this invention, 
the outer layer 26 is omitted. Outer layer 26 is less essen 
tial than face contacting layer 24, since fuzziness and 
even loss of filtering fibers from the resulting exposed side 
of filtering web 22 will not seriously annoy or incon 
venience the user. However, it is preferred to include 
outer layer 26. 
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Filtering web 22 is formed from long, very fine Synthetic 
organic fibers having an average diameter of about 0.5 to 
6 microns, the very best combination of filtering efficiency 
and breathability being obtainable with fibers having ave 
rage diameters of 1 to 3 microns. Preferably these fibers 
are in the form of loosely held-together bundles or "ropes, 
because in this form of the fibers are much more resistant 
to matting together or compaction into a dense paperlike 
form which would cause excessive resistance to air flow 
through the web. Alternatively, the individual tiny fibers 
can be mixed with larger polymeric fibers which Serve to 
prevent undue compaction. 
The tiny fibers are preferably formed in accordance 

with the procedure described in Naval Research Labora; 
tory Report No. 111,437, dated Apr. 15, 1954, entitled 
“Manufacture of Superfine Organic Fibers.” This proce 
dure involves extruding a fine stream of molten polymeric 
material into a stream of heated air or other fluid which 
causes a breakdown or attenuation of the extruded mate 
rial into tiny fibers. Fibers of this type are known in the 
art as "sprayed" or "blown" fibers. They are always staple 
rather than continuous, because they are broken into 
lengths on the order of about 0.5 to about 20 cm. Pre 
ferred polymers for forming such sprayed fibers for face 
masks include polypropylene, polyethylene, polyesters, 
polyamides such as nylon, polycarbonates, polyphenylene 
oxide, and fluorinated polymers such as trifluorochloro 
ethylene. Other nonabsorbent, slippery feeling hydropho 
bic thermoplastic polymers may also be used. The fiber di 
ameter rather than the composition appears important in 
providing filtering characteristics so long as the material 
is relatively moisture-insensitive, odor-free, and dimen 
sionally stable under ambient conditions. The fibers should 
have a minimum length of about 0.5 cm. to avoid loosen 
ing or breaking off of short fragile fiber fragments which 
could cause irritation to the wearer if inhaled. Fibers of 
this length also assist in forming a web which is sufficiently 
coherent to be handled. The fibers are generally found to 
be raveled and intertwined sufficiently to provide a web 
which is sufficiently dimensionally stable. It has been 
found that loosely raveled bundles or "ropes” of fiber can 
be obtained by collecting the fibers at a distance of 20 to 
40 inches (about 50 to 100 cm.) from the nozzle orifice. 
These bundles of ropes provide a web with good cohesive 
ness and filtering characteristics. Alternatively, a closer 
collection point can be used whereby the fibers tend to mat 
as individual fibers rather than bundles or ropes. These 
mats may tend to be somewhat more compacted than the 
mats comprising bundles or ropes, but nevertheless are 
suitable for use in this invention. 

It is somewhat surprising that a 100 percent fine fiber 
(fibers less than 6 microns and preferably less than 3 mi 
crons in diameter) web is so cohesive and so porous, par 
ticularly in view of the fact that the web is preferably col 
lected and combined with the other elements of this inven 
tion substantially as is. That is, the filtering web is not 
subjected to special internal bonding procedures, e.g. hot 
pressing. Furthermore, it would be expected that the fine 
fibers might become unduly compacted, even in the ab 
sence of heat or pressure. Apparently the sprayed fibers 
are tacky enough to spontaneously bond tenaciously to 
one another without further heating or other treatment. 
This tackiness and self-bonding causes the formation of 
a web of extremely fine staple fiber which, even when the 
fibers are individual rather than intertwined into bundles 
or ropes, does not require the use of coarser reinforcing 
fibers to insure either cohesiveness or porosity. 

In order to provide the needed ease of breathability, the 
filtering web should have a void volume of at least about 
87 percent. The ease of breathability can be correlated 
with the pressure drop which occurs when air is forced 
through the filtering portion of the web at a controlled 
rate. As a standard test for checking the suitability of 
webs for use in practicing the invention, a disc of the fil 
tering material 316 inch in diameter is used, and air is 
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4. 
pumped through the material at a flow rate of 1 cubic ft. 
per minute. The difference in air pressure between one 
side of the filtered disc and the other is measured with a 
manometer in a conventional manner. The pressure drop 
(measured in inches of water) should be in the range of 
about 0.15 to 0.85 inches H.O. Filters causing a pressure 
drop under these conditions of less than 0.15 are found 
to have poor filtering efficiency, while those causing a 
pressure drop of over about 0.85 are unacceptable because 
of difficulty in breathing through a mask formed there 
from. Optimum results were obtained using webs which 
caused a pressure drop of 0.15 to 0.5 inches H.O. 
The characteristics of the mask are also affected by the 

thickness or density of the filtering material. It is a feature 
of this invention that a very low density mask can be 
made wihout sacrificing any other needed properties such 
as filtering efficiency. It is preferred for comfort and 
breathability that the ream weight (the weight of 320 
square yards of material) of the filtering material be sub 
stantially less than 55 pounds. Fibers such as polypropyl 
ene are very low in density, and a 10 or 15 lb./320 sq. yd. 
filtering material can be made, though with difficulty, from 
Such fibers. Ream weights less than 30 lb./320 sq. yd., e.g. 
20-25 lb./320 sq. yd. are readily achieved in practice and 
are practical from a manufacturing standpoint. 
The inner face-contacting layer can be constructed by 

forming a nonwoven layer of randomly oriented thermo 
plastic fibers, and subjecting the matting to a heat treat 
ment (e.g. about 300 F. (149 C.) in the case of poly 
propylene) sufficient to soften the fibers and cause them to 
adhere to one another to form a self-sustaining web. This 
Web is then further treated to form a smooth surface free 
of fuzz or other irregularities by pressing it against a 
Smooth heated surface such as that of a heated drum or 
roller. Backup pressure rollers or similar means can be 
used to insure that the matting is uniformly pressed against 
the surface of the drum. The temperature of the heated 
Smooth surface should be sufficient to cause melting of the 
surface fibers of the matting, and sufficient flow to form 
a smooth flat surface without losing their fibrous form. 
The fused fibers are then coalesced in this smooth con 
dition. In the case of polypropylene, a temperature of 
about 330 F. ( 166° C.) is suitable. Other smooth heated 
Surfaces, such as traveling belts or the like, can be used 
instead of the heated drum. This treatment of the matting 
produces a surface having a smooth fuzz-free feel, while 
yet maintaining the porous discontinuous nature of the 
film. The film should have an average of about 10 to 40 
holes per square millimeter of surface, and the holes pref 
erably have an average area of 0.1 0.01 square milli 
meter or less, and constitute 10 to 40 percent of the total 
area of the surface, and preferably 20 to 30 percent 
thereof. The large number of tiny irregularly shaped holes 
permits easy flow of air through the layer and thus pro 
vides for easy breathability while forming a containing 
envelope for the filtering web which prevents inhalation 
of loose fibers or irritation due to skin contact with the 
filtering layer. The thermoplastic fibers from which the 
layer is formed should be no greater than about 4 denier 
and preferably are 3 denier fibers, and the resultant face 
contacting layer has a weight of 3.1 to 12.9 grains per 24 
Square inches (0.0013-0.0054 grams per square centi 
meter), and preferably from 4 to 6 grains per 24 square 
inches (0.0016 to 0.0025 grams per square centimeter). 
The absence of adhesives or binder resins in the web avoids 
odors normally found in webs bonded by the use of such 
eas. 

The invention will be further explained with reference 
to the following example in which all parts are given by 
weight, unless otherwise indicated. 

EXAMPLE 

A filtering web made up of bundles of microfine poly 
propylene fibers was formed. A polypropylene resin hav 
ing a melting point of 333° F. (168° C.) was extruded 
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through an orifice having a diameter of 0.020 inch. The 
extruder was operated at a temperature of 700 F. (371 
C.), the extrusion die temperature being 560 F. (293 
C.). The extruder was operated at a rate of 14 lbs. (6.35 
kg.) of resin per hour. The resin emerging from the die 
was immediately blasted with hot air at 800 F. (427' 
C.), which was discharged from a %-inch (1.9 cm.) 
opening at a pressure of 5 p.s. i. (0.34 atmospheres). The 
web was collected at a rate of 21 ft. per minute (6.4 me 
ters per minute) at a distance of about 38 inches from 
the extrusion die. The fibrous web thus collected con 
sisted of loosely raveled bundles or "ropes,' of tiny in 
dividual fibers having diameters of 0.5 to 3 microns, and 
an average diameter of about 1.5 microns. 
A face contacting web was also formed from polypro 

pylene. Three denier polypropylene stable fibers were 
formed into a nonwoven matting, using conventional ap 
paratus. The matting had a weight of 5 to 7 grains per 24 
square inches (0.0021 to 0.003 grams per square meter). 
The matting was passed over a smooth surfaced heated 
drum having a surface temperature about 330 F. (166 
C.) using a pressure roller to compact the matting to 
insure uniform heat transfer to the surface of the mat 
ting. The fibers nearest the surface of the drum melted, 
but retained their fibrous form. On coalescing, a smooth 
non-fuzzy surface having a human-skinlike appearance 
with a myriad of tiny pores or holes therethrough was 
formed. 
An outside cover web for the mask was formed from 

rayon fibers. 1.5 denier viscose rayon fibers were proc 
essed on a garnet machine which formed a fluffy non 
woven web having fibers more or less aligned in the direc 
tion the web traveled. The following binding solution was 
applied by means of a compacting wool roller to bind the 
rayon web into a relatively tear-resistant form: 

Parts 
Polyvinyl alcohol (Shawanigan Gelvatol 20-60) -- 50 
Water -------------------------------------- 600 
Blue pigment -------------------------------- 0.44 
Green pigment ------------------------------- O.26 
Urea-formaldehyde resin ---------------------- 10 
Al2(SO4)3 ---------------------------------- 2 
The urea-formaldehyde resin and the Al(SO) serve 

to insolubilize the polyvinyl alcohol resin, providing a 
fuzz-free surface, and also bind the pigments to the web, 
preventing color bleeding. Upon drying, the web had no 
perceptible odor. 

Rectangular pieces of the three webs were assembled 
with the filtering web sandwiched between the facing webs. 
Strips of the rayon cover web were folded over to form 
narrow strips about 1.6 cm, in width. These strips were 
then folded around the edges of the assembled webs and 
stitched into place as shown in the drawings. The edge 
binding was extended about 15 inches (38 cm.) beyond 
each side of the top and bottom edges of the mask body 
to provide tie strings. A 4 inch (0.48 cm.) wide double 
layer of aluminum foil backed pressure sensitive adhesive 
tape about 6 inches (15 cm.) long was enclosed in the 
binding along the major portion of one edge to form a de 
formable nose band which will retain the shape of the 
user's face contour to minimize air leakage. 
The masks, when worn with the polypropylene facing 

web against the wearer's face, were comfortable, pro 
vided ease of breathability, and did not interfere with 
normal conversation. The mask was tested for efficiency on 
a capped masked human subject, in accordance with the 
Green-Vesley in vivo method described in the Journal of 
Bacteriology, Vol. 83, No. 3, March 1962, pp. 663-667. 
The subject's head was placed in an enclosed chamber and 
any expelled moisture droplets collected on agar-agar. The 
mask had an efficiency of 97.7 percent as defined by this 
in vivo test method. 
What is claimed is: 
1. In a face mask having a body portion adapted to 
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6 
cover the nose and mouth and means for securing said 
body portion over the nose and mouth, the improvement 
wherein said body portion comprises: 

a face contacting web comprising a nonwoven, porous 
self-sustaining, flexible, fibrous matting having an ex 
posed smooth, fuzz-free surface, said exposed sur 
face having an average of about 10 to 40 holes per 
square millimeter of surface, said holes having an 
average area of less than about 0.1 0.01 square 
millimeter and constituting 10 to 40 percent of the 
area of said surface; 

a porous filtering web consisting essentially of inter 
twined thermoplastic organic fibers, said fibers being 
uniformly distributed through said filtering web and 
having diameters ranging from 0.5 to 6 microns; 

said porous filtering web being superimposed upon the 
surface opposite said exposed smooth fuzz-free surface of 
said face contacting web. 

2. A face mask according to claim 1 wherein said body 
portion of said mask includes a retaining layer, said retain 
ing layer comprising a porous fabric; said face contact 
ing web, said porous filtering web, and said retaining layer 
being arranged such that said filtering web is contained 
between 

said surface opposite said exposed smooth fuzz-free sur 
face of said face contacting web and 

a surface of said retaining layer. 
3. A face mask according to claim 1 wherein said ther 

moplastic organic fibers are polypropylene fibers. 
4. A face mask according to claim 1 wherein said ther 

moplastic organic fibers have an average diameter of 1-3 
microns and a length of at least /2 centimeter. 

5. A face mask according to claim 1 wherein the said 
exposed surface of said face contacting web consists of 
thermoplastic fibers fused together at their points of con 
tact with each other and coalesced while retaining their 
fibrous form, thus forming numerous irregularly shaped 
tiny openings in said exposed surface to permit easy 
breathing therethrough. 

6. A face mask according to claim 1 wherein: the void 
volume of said filtering web is at least about 87 percent, 
and the weight per unit area of said filtering web is less 
than about 55 pounds per 320 square yards. 

7. A face mask according to claim 6 wherein said weight 
per unit area is less than about 30 pounds per 320 square 
yards. 

8. A face mask according to claim 6 wherein the pres 
sure drop caused by said filtering web ranges from about 
0.15 to 0.85 inches of water when air is pumped through 
a 3/16th inch diameter disc of said filtering web at a flow 
rate of 1 cubic foot per minute. 

9. A face mask according to claim 8 wherein said pres 
sure drop is about 0.15 to about 0.5 inches of water. 

10. In a face mask having a body portion adapted to 
cover the nose and mouth and means or securing said 
body portion over the nose and mouth, the improvement 
wherein said body portion comprises: 

a face contacting web comprising a nonwoven porous, 
self-sustaining, flexible, fibrous matting having an ex 
posed smooth, fuzz-free surface, said exposed surface 
having an average of at least 10 holes per square mil 
limeter of surface, said holes having an area of less 
than 0.1 0.01 square millimeter and constituting 
at least 0 percent of the area of said surface; 

a porous filtering web having a void volume of at least 
about 87 percent and a ream weight of less than 55 
pounds per 320 square yards of area and consisting 
essentially of intertwined thermoplastic organic fi 
bers, said fibers being uniformly distributed through 
said filtering web and having diameters ranging from 
0.5 to 6 microns; said porous filtering web being su 
perimposed upon the surface opposite said exposed 
smooth fuzz-free surface of said face contacting web. 

(References on following page) 
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