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PRUCE§S FOR IMPRE’GNATING FIBRGUS SHEETS 
Emerson l3. FitzGerald and Francis E. Jenkins, Wilming 

ton, Del., assignors to E. I. du Pont de Nemours and 
Company, Wilmington, Del., a corporation of Delaware 

Filed July 13, W62, Ser. No. 209,791 
4 Claims. (Cl. 117-62) 

This invention relates to a method of impregnating 
shrinkable ?brous webs. 

It has been proposed to make shoe upper material by 
preparing a non-woven web of heat shrinkable ?bers, such 
as, 'e.g., polyethylene terephthalate ?bers, needle looming 
the web, shrinking the needled web, impregnating the non 
woven needled and shrunken web, ?nally applying a micro 
porous surface coating. 
One of the problems encountered during the lasting op 

eration when forming shoes from material prepared as 
described above, is the development of roughness in those 
areas which requires some stretching over the last such 
as in the toe and quarter areas of the shoe. This roughen 
ing has been associated with the pattern that results from 
the needling of the non-woven web prior to impregnation. 

It is an object of this invention to provide a process 
of preparing shoe upper material which involves impreg 
nating and coating a non-woven web having a pattern 
on its surface prior to impregnating and coating which is 
obscured by the impregnant and surface coating, and is 
not visually apparent when the impregnated and coated 
web is stretched as in the case of toe and quarter lasting 
during shoe making. 
The objective of this invention is accomplished by im 

pregnating a heat shrinkable non~woven web capable of 
shrinking 20—80% of its planar area and having a pattern 
on its surface with an aqueous dispersion of a polymeric 
material, coagulating the dispersion in situ, heat shrink 
ing the impregnated web 20—70% of its planar area before 
the impregnant has been allowed to dry and drying the 
impregnant. The more speci?c objects of this invention 
are accomplished by surface coating the impregnated web 
referred to above wherein the pattern on the surface of. 
the non-woven web is not discernible when the coated 
fabric is stretched as in shoe lasting. 
The drawing illustrates a ?ow sheet of the process. 
The degree of roughening or absence of roughening en 

countered in the toe and quarter area of the shoes made 
with an impregnated and coated shrunk non-woven web, 
having a pattern on its surface prior to impregnating and 
coating, is dependent upon the amount of impregnant in 
troduced into the Web prior to the shrinking of the web. 
The amount of impregnant also affects the degree of 
shrinking as does the temperature and method of heat 
shrinking. As the amount of the non-volatile components 
of the impregnant introduced into the web increases the 
amount of heat shrinking of the non-woven web decreases. 
The amount of non-volatile impregnant introduced into 
the web is controlled primarily by the concentration of the 
solids (non-volatile components) in the dispersion. The 
maximum amount of area shrinkage of a web capable of 
90% area shrinkage is reduced to about 60% area shrink 
age when it is saturated with an aqueous dispersion hav 
ing a concentration of non-volatile components of about 
30%. Non-woven webs impregnated with dispersions 
having lower solids concentrations will permit greater 
amount of area shrinkage with the same heat shrinkable 
webs. 
The amount of impregnant which is introduced into the 

web is determined to a large extent by the end use of the 
product. For shoe uppers, the preferred amount of dry 
impregnant, based on the weight of the ?bers, is about 100 
to 400% and the particularly preferred range is about 
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200 to 300%, same weight basis. If the amount of dry 
impregnant in the web is less ‘than about 100%, based on 
the weight of the ?bers, roughening is encountered when 
the impregnated and coated web is subjected to about 35% 
stretching in the direction of width and/or length. The 
upper limit of the amount of dry impregnant is controlled 
by the concentration of the non-volatile components in the 
impregnating compositions. Concentrations greater than 
that required to introduce about 400% dry impregnant, 
based on the weight of the ?bers, do not result in uniform 
impregnation. 

Impregnating the heat shrinkable non-woven webs with 
an aqueous dispersion prior to heat shrinking has other 
advantages besides reducing the roughening encountered 
when the impregnated and coated sheets are stretched as 
encountered in shoe lasting operations. Impregnation is 
more uniform and faster with the aqueous dispersions 
prior to heat shrinking due to the rapid wicking of the less 
dense web. It is also possible to achieve a higher ratio of 
impregnant to ?ber by impregnating prior to shrinking due 
to the more open structure of the web. 
The use of an aqueous dispersion as the impregnant 

has still further advantages over solutions of polymer in 
organic solvents in that it is possible to use much higher 
solids concentration of aqueous dispersions at lower vis 
cosity to achieve thorough and uniform impregnation of 
the web; no solvent recovery or toxicity problems are en 
countered with the aqueous dispersions; water does not 
destroy the shrinkability of the shrinkable ?bers as do 
most ‘organic liquids; and it is much easier to impregnate 
fragile non-woven webs with low viscosity dispersions than 
with ‘high viscosity solutions of the same polymer. 
The aqueous dispersion impregnants can be coagulated 

within the web by a variety of techniques including freeze 
coagulating, immersing the web in an aqueous solution of 
an electrolyte, heating the impregnated web, and in the 
case of non-coalescible dispersions allowing the impreg 
nating composition to dry at room temperature. 

In making moisture permeable shoe upper material 
by impregnating a heat shrinkable non-woven web with an 
aqueous dispersion, the freeze coagulation is particularly 
preferred in that the coagulum is deposited uniformly 
throughout the web in a highly porous form thus aiding 
the permeability of the ?nal product. There is also very 
little, if any, migration of the impregnant, during the 
freeze coagulation, drying, and heat shrinking of the non 
woven web. 
The aqueous dispersions which have been found to be 

particularly useful in practicing this invention are the aque 
ous dispersions of rubbery low-modulus elastomers, such 
as neoprene (polychloroprene), butyl rubber, “Hycar” (co 
polymer of butadiene and acrylonitrile), “Buna S” (co 
polymer of butadiene and styrene), natural rubber, aque 
ous dispersions of thermoplastic polymers and copoly 
mers, such as, e.g., “Geon” 351 (plasticized polyvinyl 
chloride), oil modi?ed alkyd resin, acrylic resins and meth 
acrylic resins, as well as various mixtures of the afore 
mentioned dispersions. 
The particularly preferred heat shrinkable ?ber for 

forming the non-woven web is composed of polyethylene 
terephthalate. Other useful heat shrinkable ?bers in 
clude those composed of cellulose acetate, nylon, 40/60 
copolymer of acrylonitrile and vinyl chloride, polyeth 
ylene, polypropylene, polystyrene and polytetra?uoro 
ethylene. Blends of the foregoing heat shrinkable ?bers 
are also useful for forming the non-woven web. It is 
also possible to blend heat shrinkable ?bers with non 
shrinkable ?bers in which the shrinkable ?bers represent 
at least 50% of the ?bers in the non-woven web. EX 
amples of non-shrinkable ?bers are any of the foregoing 
shrinkable ?bers which have been shrunk prior to form 
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ing the non-woven web, as well as natural ?bers, includ 
ing cotton, jute, flax, wool, etc. 

Example I 

A fluffy, loosely bound, non-woven web weighing 14.9 
ounces per square yard and composed of polyethylene 
terephthalate ?bers of 1.25 denier, formed on a card and 
crosslapper, was passed through a needle loom six times. 
The density of the needle punches was about 1536 per 
square inch. The needle punched web weighed 11.9 
ounces per square yard and possessed a very pronounced 
needle pattern having a herringbone-like appearance. 
The needled web was immersed in an aqueous latex 

of neoprene containing 30% non-volatile ingredients, in 
cluding polychloroprene, antioxidants, curing agents, 
accelerators, etc., as described in Example 1 of French 
Patent 1,289,754. The web was saturated and uniformly 
impregnated throughout with the aqueous latex. The 
impregnated web was removed from the impregnating 
bath and the excess latex was allowed to drain from the 
web. Before the impregnant was allowed to dry, the 
impregnated Web was exposed to a temperature of —40° 
F. until the impregnant was frozen and coagulated 
throughout the web. After the impregnant was freeze 
coagulated and thawed, the excess water was allowed 
to drain therefrom. Before the impregnant was allowed 
to dry completely, the impregnated Web was immersed 
in a water bath heated to 65° C. for about 5 minutes 
during which time it was shrunk 63% of its planar area. 
The shrunken impregnated web was thoroughly washed 
with water to remove any water soluble ingredients de 
posited in the web from the latex, such as dispersants. 
The washed web was dried in an oven for 1 hour at 
100° C. and then heated for 30 minutes at 140° C. to 
cure the neoprene impregnant. The dry impregnant was 
deposited throughout the web in a porous condition with 
both micro and macro pores being present. 
The dry impregnated web was buffed on each side to 

remove the skin surface of the impregnant. The web 
at this stage, about 150 mils thick, was skived into three 
layers, each about 50 mils thick. 
A control sample was made in the same manner and 

with the same ingredients as described above except the 
impregnating step was carried out after the web shrink 
ing step and the temperature of the water during the 
shrinking step was 63° C. instead of 65° C. in order to 
obtain a comparable amount of shrinkage. The amount 
of planar shrinkage of the unimpregnated web for the 
control sample was 50%. 
The product produced in accordance with Example I 

and the control for Example I had the following physical 
properties: 

Example I Control for 
Example I 

Density, g./cc _______________________________ __ 0. 764 0. 434 
Thicknes mils"- 50 50 
Permeability Value _________________________ _- 6, 900 8, 700 
Elongation at Break: 

Machine Direction, percent ______________ __ 240 150 
Cross Machine Direction, percent- 230 140 

Strength at Break: 
Machine Direction, p.s.i _________________ ._ 1, 600 1, 000 

' Cross Machine Direction, p.s.i ___________ _. 950 1, 100 
Initial Modulus: 

Machine Direction, p.s.i ______ __ 2, 800 1, 900 
Cross Machine Direction, p.s.i 1, 700 1, 900 

Tonguer'l‘ear (Pounds per Inch T ckness) 
Machine Direction ______________________ -- 128 98 
Cross Machine Direction ________________ __ 180 105 

The permeability values were carried out by ?lling a 
three inch diameter crystallizing dish with 12 mesh cal 
cium chloride, covering the dish with membrane of the 
substance to be tested and placing the covered dish in 
an atmosphere of high humidity (23° C. and 90% rela 
tive humidity). The assemblage is weighed at intervals 
and the equilibrium rate of sorption is recorded as grams 
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4 
of water per 100 sq. meters of surface per hour which 
is the leather permeability value. This is a modi?cation 
of a test developed by the Bureau of Standards, Kanagy 
& Vickers, J. Res. Nat. Bureau of Standards, 44, 347-62, 
1950 (April). 
The impregnated product as described above, before 

and after the skin on the surface is removed, as well as 
after skiving, is an article of commerce and has a variety 
of uses such as gaskets, diaphragms, bearing seals, pau 
lins, etc. The buffed and skived product is particularly 
useful as a substrate for surface coatings in the making 
of shoe upper materials as described more fully herein 
after. 
The 50 mil thick impregnated substrate produced in 

accordance with Example I and the 50 mil thick control 
materials were each coated on one side with a surface 
coating composition described below. Su?icient compo 
sition was applied to deposit a dry surface ?lm about 
10 mils thick. The surface coating composition con 
sisted of about 10.5% of a polyurethane elastomer, 5.7 
parts of polyvinyl chloride and 83.8 parts of N,N-di 
methyl formamide (referred to hereinafter as dimethyl 
formamide). The coating composition was prepared by 
mixing 52.5 parts of a 20% solution of the polyurethane 
elastomer dissolved in dimethyl formamide with 47.5 
parts of a 12% solution of polyvinyl chloride dissolved 
in dimethyl formamide. Suf?icent non-solvent for the 
polymers, such as an 80/20 mixture of dimethyl form 
amide and water, was added to the mixture of solution to 
form an incipient gel. 
The 20% solution of polyurethane elastomer was pre 

pared by ?rst mixing 3343 parts of polytetramethylene 
ether glycol of about 1000 molecular weight with 291 
parts of tolylene-2,4-diisocyanate and heating the mix 
ture for 3 hours at 90° C. Then 2485 parts of the re 
sulting lhydroxyl terminated dimer were mixed with 570 
parts of methylene-bis-(4-phenyl isocyanate). This mix 
ture was heated for one hour at 80° C., yielding a pre 
polymer with isocyanate groups. The prepolymer was 
dissolved in 10,000 parts of dimethyl formamide and 
the resulting solution was added slowly to- a solution con 
sisting of 50 parts of a polymer chain extender dissolved 
in 1710 parts of dimethyl formamide. The chain ex 
tender consisted of N-methyl-bis-amino propyla-mine and 
hydrazine hydrate in a molar ratio of 40:60‘. The re— 
sulting reaction mixture was stirred at 40° C. for 30 
minutes to form a polyurethane solution having a vis 
cosity of about 115 poises and a polymer content of 
about 20%. 

Immediately after the surface coating composition 
was applied to the substrate and before any appreciable 
amount of dimethyl formamide was allowed to evap 
orate therefrom the coated substrate was immersed in 
water at room temperature for 2 hours. During this 
water immersion step, the coating solution was coagu 
lated and converted into a gelatinous polymeric layer 
having a cellular structure of interconnecting micropores 
and substantially all of the dimethyl formamide was 
extracted from the solution coating. 

Next the coated fabric was subjected to steam for about 
15 minutes then dried at 100° C. in dry heat zone. 
When dry, the surface coating had a White milky appear 
ance and was highly permeable to water vapor. 
The dry coated fabric was next immersed for 30 min 

utes in a boiling aqueous dye bath containing 5% of 
chromed monoazo black dye identi?ed as C1-15711 
(Colour Index number) in “Colour Index,” Second Edi 
tion, vol. 3, 1957, American Association of Textile 
Chemists and Colorants. 
The dyed coated fabric is next scoured for 15 minutes 

in a ‘boiling aqueous scouring bath containing 0.3% 
of a non-ionic detergent based on the weight of the water. 
The detergent was the condensation product obtained 
by reacting 20 moles of ethylenic oxide with one mol 
of a C~l8 aliphatic monohydroxy alcohol. 
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The dried and scoured impregnated and coated fabric 
had a deep black color. It Was highly permeable to 
moisture vapor, tough, abrasion resistant and eminently 
suited for use as men’s and women’s shoe uppers. 

‘Both coated substrates, i.e., the Example I and its 
control, were fabricated into men’s dress shoes by the 
usual shoe making techniques which involved stretching 
the coated substrates over a last and holding the ma 
terial in the stretched condition during the shoe making 
operation. 

In the case of the control, the needle pattern in the 
non-woven web which had been obscured by the impreg 
nating and surface coating compositions was caused to 
reappear in the surface coating upon stretching during 
lasting of the shoes and remained in the areas of great 
est stretch, such as, the toe and quarter portions of the 
shoe after the shoe was separated from the last and the 
stress removed. 

In the case of the Example I material, the needle pat 
tern in the non-woven web was likewise obscured by 
the impregnant and surface coating. The pattern was 
not discernible in the surface coating during or after 
the shoe lasting operations. 
On an evenly graduated scale where zero‘ represents 

complete absence of needle pattern in the surface coat 
ing when subjected to stress during shoe making operation 
and 6‘ represents severe roughening, i.e., appearance of 
needle pattern, the Example I impregnated and coated 
substrate had a rating of 1 and the control for Exam 
ple 1 had a rating of 6. 

Example 11 

Example I was repeated except a fluffy, loosely bound 
non-woven web weighing 13.3 ounces per square yard 
of polyethylene terephthalate ?bers of 1.25 denier, formed 
on a card and cross-lapper, was passed through a needle 
loom nine times. The density of the needle punch was 
2750 per square inch. The weight of the web after needle 
punching was 10.3 ounces per square yard and possessed 
a very pronounced needle pattern having a herringbone 
like appearance. 
A further variation in the procedure of this Example 

II from that described in Example I was that the tem 
perature of the hot water bath employed for the shrink 
ing of the impregnated web was 70° C. instead of 65° C. 
The impregnated web of Example II shrunk 63% of 
its planar area as compared to 53% for the impregnated 
web of Example I. 
A control for Example II was prepared in the same 

manner and with the same ingredients as employed for 
Example 11, the only difference being the shrinking step 
was carried out before the impregnating step. 
The product produced in accordance with Example II 

and the control for Example II had the ‘following physi 
cal properties: 

Example Control for 
II Example 

II 

Density, g./cc _______________________________ __ 0. 799 0. 460 
Thickness ___________ __ 61 53 

Permeability Value _________________________ _ _ 4, 100 7, 600 
Elongation at Break: 

Machine Direction, percent ______________ _. 100 90 
Cross Machine Direction, percent _ _ _ _ _ _ __ 100 140 

Strength at Break: 
Machine Direction, p.s.i _________________ _. 1, 200 1, 000 
Cross Machine Direction, p.s.i ___________ ._ 810 850 

Initial Modulus: 
Machine Direction, p.s.i _________________ __ 3, 800 3, 200 
Cross Machine Direction, p.s.i ___________ __ 2, 800 2, 300 

The impregnated webs of Example II and the control 
for Example 11 were coated with the same composition 
and same manner as described above for Example I and 
then formed into men’s shoes by the usual lasting proc 
esses. The needle pattern which had been obscured by 
the impregnating and surface coating composition in the 
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case of the Example II material was hardly discernible 
in that area of the shoe upper which had been stretched 
during lasting, i.e., the toe and quarter areas and had a 
rating of 1 on the scale mentioned above, whereas the 
control material had a rating of 6. 

Example III 
A non-woven web of polyethylene terephthalate ?bers 

composed of 0.8 denier crimped staple was formed on 
a card and cross-lapper. The Web Weighed 9.0 ounces 
per square yard. It was passed through a needle loom 
to orient some of the fibers perpendicular to the plane 
of the web to give it reinforcement. 
The Web was immersed in the following impregnating 

composition until it was completely saturated: 
Parts 

by weight 
Neoprene latex (Example I—French Patent 

1,289,754) _____________________________ __ 180.0 

Water ___________________________________ __ 157.0 

Calco A-2246 (33% aqueous dispersion of 2,2’ 
methylene bis (6 tertiary butyl paracresol) _-_ 5.4 

Zinc oxide (50% aqueous solution) ________ __ 9.0 
Aquarex SMO (33% aqueous dispersion sodium 

salt of sulfated methyl oleate) ____________ __ 8.1 
Tepidone (50% aqueous solution sodium dibutyl 

dithiocarbamate) _______________________ .. 1.8 

Thiocarbanalide (33% aqueous dispersion) ____ __ 2.7 
“Geon Latex” 351 vinyl chloride polymer (57% 

aqueous dispersion) ____________________ __ 10.0 

Water ___________________________________ __ 13.4 

The impregnated web was freeze-thaw coagulated in 
the same manner described above in Example I. Before 
the thawed impregnant was allowed to dry, the impreg 
nated Web was immersed in water, heated to 70° C. and 
allowed to remain therein for 15 minutes after which it 
was removed and dried. The impregnated web shrunk 
55% of its original planar area during the exposure to 
the hot water. The impregnant was cured at 120° C. 
for 60 minutes. The ?ber to hinder ratio was 100 to 274. 
The cured impregnated ‘web was sanded on both sides 

to remove the skin of the excess impregnant. The im 
pregnated product was microporous, smooth and free of 
macro voids. The product was ?exible and on 35% trans 
verse and on 35% longitudinal stretching, no roughen 
ing was observed, i.e., it had a roughening value of zero 
on the scale described above. The stretched sample 
returned to its original dimension after the stress was 
removed. 
The impregnated web was ideally suited as a sub 

strate for surface coating in the manufacture of shoe 
upper material. 
Good results as to non-roughening, i.e., absence of 

needle pattern on the surface of the impregnated and 
coated non~woven Webs produced in accordance with this 
invention when formed into shoes by the standard shoe 
making techniques are obtained when the aqueous dis 
persions contain about 20-60% solids. Dispersions con 
taining 25-40% solids are preferred and best results are 
obtained with about 30% solids. If higher concentra 
tions are used, the area shrinkage of the impregnated 
webs is reduced and there is also a reduction in roughen 
ing of the coating during the lasting operation when the 
coated Web is formed into shoes, although other valuable 
properties are decreased, such as unsightly appearance in 
the vamp area of the shoe when ?exed, which is referred 
to as poor leather “break.” 
At lower concentrations of the latex impregnant, there 

is less impregnant introduced into the web, and there is 
an increase in the shrinkage of the impregnated non 
woven web accompanied by an increase in roughening 
(i.e., appearance of needle pattern) during and after the 
lasting operation of shoe manufacture. 
A coated Web having a roughening value greater than 

2 is not considered commercially acceptable for high 
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It Will be understood, however, that 
the products made in accordance with this invention 
having a roughening value greater than 2 are useful for 
other end uses where the roughening on stretching is not 
detrimental, such as e.g., gaskets, fuel pumps, upholstery, 
pocketbooks, men’s and ladies’ jackets, paulins, etc. 
We claim: 
1. A process Which comprises: 
(a) preparing a non-Woven web of ?bers, said Web 

being capable of shrinking 20—80% of its planar 
area and having a needle pattern on its surface, 

(b) impregnating said Web 'with an aqueous dispersion 
of a polymeric material, 

(c) coagulating said aqueous dispersion impregnant, 
and 

(d) subjecting said impregnated Web to an elevated 
temperature Which causes it to shrink 20—70% of 
its planar area before the impregnant dries. 

2. The method of claim 1 in which step (d) is carried 
out by immersing the impregnated web in Water at a tem 
perature of 63° C. to 90° C. 
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3. The method of claim 1 in which the coagulation 

step is carried out by freezing the aqueous suspending 
medium for the dispersant. 

4. The method of claim 1 which involves an addi 
tional step of applying a surface coating to the im 

, pregnated Web. 
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