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57 ABSTRACT 

A process and apparatus is disclosed for effecting the 
treatment of textile and textile-like materials such as 
drying, steaming, extracting, curing and heat setting. 
Superheated steam is directed through the textile mate 
rial at elevated temperatures and pressures. 

5 Claims, 4 Drawing Figures 
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PROCESS AND APPARATUS FOR TREATMENT OF 
TEXT LE MATER ALS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a process and appa 

ratus for continuously treating lengths of textile or tex 
tile-like materials or yarns. More particularly, the pres 
ent invention relates to a process and apparatus for 
processing textile and other pervious web materials or 
yarns, such processes including drying, steaming, heat 
setting, curing, extracting, scouring, yarn texturing and 
other similar processes. The textile or textile-like mate 
rials which may be so treated by the present process 
and apparatus include woven and knitted fabrics, non 
wovens, (yarns) and fibers when properly contained 
and applied to any fabric content and construction 
such as nylons, polyesters, cottons, etc., and mixtures 
thereof. 

Specifically, the present invention contemplates pro 
cessing these materials by treatment with a treatment 
medium such as superheated steam and includes the 
use of steam to propel a treating medium such as a de 
tergent, water, various solvents, liquids and/or vapors, 
through the fabric or textile materials or yarns at high 
speed. 

2. Description of the Prior Art 
Many methods have been employed in this art for 

processing textiles and textile-like materials. These 
methods can be broken down into two basic classes: 
those which remove the water mechanically and those 
which remove it thermodynamically. In the former 
class, there are squeeze rolls through which the mate 
rial travels at open width and by which the loose water 
is squeezed from the fabric. This is a continuous pro 
cess. Another continuous process is that in which a 
slotted tube and a vacuum pump are used to draw 
water from the fabric as it travels across the slot at open 
width. A third method for mechanically extracting 
water is the use of a centrifugal extractor which con 
sists of a rapidly rotating perforated cage into which the 
fabric has been placed. This is a batch process. 
Once the loose water has been removed from the fab 

ric the thermodynamic type of dryers are generally 
used. The most efficient means of transferring heat is 
through the use of heated metal cylinders about which 
the fabric travels as the cylinders rotate. Other types of 
dryers in use are those containing chambers through 
which the fabric passes and hot air is impinged on the 
fabric, generally on both sides. The hot air, having im 
pinged on the fabric, and now being loaded with water 
vapor, is passed through a reheater and recycled onto 
the fabric. Part of this wet air is exhausted, taking along 
with it the moisture, and fresh make-up air is then used 
in its place. The configuration of fabric or web in these 
chambers can be that of loops hanging on moving bars, 
plaited fabric moving on conveyor nets, single strands 
of fabric carried by air currents, or fabric being held on 
tenter pins and being conveyed either horizontally in a 
single pass, or horizontally or vertically in multiple 
passes. Another category of dryer is a perforated drum 
inside a heated chamber around which drum the fabric 
is laced and carried by the drum with an exhaust fan 
pulling the air from the center of the drum and the hot 
dry air of the chamber passing through the fabric and 
the drum. 
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The velocity of the media in all these units is very low 

as it passes through the fabric, as may be observed in 
U.S. Pat. No. 3,323,153 to Fleissner, issued June 6, 
1967, wherein such a pressure chamber suction process 
is taught, utilizing steam at moderate temperatures. 
Another process used in treating textiles is called 

thermo-setting, and is particularly useful for nylons and 
polyesters. This involves raising the temperature of the 
fabric to its setting temperature for a very short period 
of time, and is usually carried out in any one of the 
aforementioned units. Each of these techniques have 
their deficiencies. For example, the centrifugal extrac 
tor is noncontinuous and leaves the fabric folded and 
in disarray, and thus much added labor is required to 
straighten the fabric. Also, many times irreparable 
damage is done to the fabric in such processes. The 
vacuum slot creates a vacuum only equal to the resis 
tance which the fabric offers, which may be in the 
neighborhood of 3 - 4 psi, and the air passing through 
the fabric can be cool, wet and dirty and if some lint 
forms in the slot it leaves a longitudinal mark through 
out the fabric. In the case of squeeze rolls, there are 
many fabrics which are damaged by this type of squeez 
ing action. 

In the type of dryers where drying is performed ther 
modynamically there are many additional disadvan 
tages. In the drum dryer, for example, the fabric resting 
against the perforated cylinder tends to dry faster at the 
perforations than it does when it rests on the solid por 
tions of the drum, and thus uneven drying occurs. In 
addition to this, the velocity of the drying medium 
through the fabric is very low, and drying occurs from 
the outside of the fabric towards its center. Distortion 
of the fabric also takes place as shrinkage occurs in the 
drying process, and it is difficult to handle the fabric on 
a cylinder. In the case of loop dryers, the fabric on each 
loop is quite heavy and marks often form at the points 
where the fabric rests on the sticks. Also, non-uniform 
drying occurs in a loop dryer. In the case of a net dryer, 
drying is also nonuniform because of the way the fabric 
is folded onto the net. In the case of the can dryers, fab 
ric such as polyester double knits usually cannot be 
dried on these because of the tensions which occur, and 
because of the pressing action. Also, the contact heat 
tends to flatten the fabric in such a process. Pin frame 
dryers are most widely used for drying. However, the 
drying chambers are very expensive, and generally so 
long that when damage occurs, many yards of fabric 
are damaged. These machines also take up consider 
able space and require several operators. The efficien 
cies of these dryers is quite low. 

SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to 
avoid the disadvantages of the prior art in the treatment 
of these materials, such as textile and textile-like mate 
rials. 
Another object of the present invention is to provide 

an improved process and apparatus for the treatment 
of textile and textile-like materials which is very simple 
and inexpensive and provides relative ease of mainte 
aC. 

Yet another object of the present invention is to pro 
vide an improved process and apparatus whereby tex 
tiles and textile-like materials may be continuously 
treated without resultant adverse effects upon said ma 
terials. 
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Still another object of the present invention is to pro 
vide an improved process and apparatus whereby a 
treating media may be applied to a textile or textile-like 
material. 
A still further object of the present invention is to be 

able to employ such a media containing a high degree 
of thermal and/or kinetic energy. 
Yet another object of the present invention is to pro 

vide an improved process and apparatus useful for the 
drying, extracting, setting, curing, and scouring, etc., of 
textile and textile-like materials. 
Other objects and the further scope and applicability 

of the present invention will become apparent from the 
detailed description given hereinafter, and it should be 
understood, however, that the detailed description and 
specific examples, while indicating preferred embodi 
ments of this invention, are given by way of illustration 
only, since various changes and modifications within 
the spirit of this invention will become apparent to 
those skilled in the art from this detailed description. 
According to the present invention, it has been found 

that the above-mentioned disadvantages may be elimi 
nated and a much-improved process and apparatus for 
the treatment of materials, for example textile and tex 
tile-like materials, can be provided by continuously 
contacting said material with a treatment medium com 
prising superheated steam imparted directly through 
the material to be treated at relatively high speed. The 
superheated steam, at elevated temperatures and pres 
sures, is contacted with the surface of said textile or 
textile-like material by employing a means for trans 
porting said steam to, at or near the surface of said ma 
terial, and a means for superheating said steam prior to 
contact with said material. 
This relatively simple and inexpensive apparatus and 

process can be employed in a variety of treatment pro 
cedures with remarkable results. Generally, a heating 
media such as steam is transported through a transport 
ing means and is superheated prior to contact with the 
material to be treated. The stream of superheated 
steam is imparted through the moving material or tex 
tile fabric at a relatively high rate. Thus, the fabric or 
material is subjected to high degrees and amounts of 
kinetic and thermal energy for a relatively short period 
of time, resulting in the continuous treatment thereof, 
with a surprising lack of any adverse effects upon the 
material. In addition, other treating media may be 
added to the stream of steam prior to contact with the 
material to be so treated. These may include water, de 
tergent, or other chemicals to be dispersed through the 
fabric, to accomplish such results as the scouring, 
bleaching, dying, etc. thereof. 

In general, the fluid media comprises a stream of 
steam, and is superheated prior to contact with the ma 
terials of the present invention by any heating means, 
such as a gas heater, electric resistance heating, ther 
mal oil, etc. The superheated steam contacted with 
these textile materials will generally be at a pressure of 
from about 5 to 115 psi, preferably 15 to 75 psi, and 
most preferably 50 to 60 psi, and at a temperature of 
from 200 to 700°F., preferably 220 to 500°F., and 
most preferably 400 to 450°F. It is also preferred that 
the stream of superheated steam be directed through 
the moving material utilizing a nozzle. In this manner, 
the stream of superheated steam may be directed per 
pendicularly onto the material or at an angle either 
with or against the flow of material, and in addition the 
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4. 
distance from the nozzle to the surface of the material 
may be regulated and altered with ease, generally being 
within about 5 inches. This, in turn, will affect the tem 
perature and velocity of the stream of superheated 
steam which comes into contact with the surface or 
penetrates the material being treated. 
According to one embodiment of the present inven 

tion, the process and apparatus of this invention will be 
employed in the wet processing of textiles and textile 
like materials. Thus, textile materials containing signifi 
cant amounts of water, i.e. prior to any drying opera 
tions, are contacted with the superheated steam of the 
present invention, preferably at temperatures of from 
400 to 500F. and at steam pressures of from 50 to 60 
psi, and the water in this material will be extracted both 
by the action of the fast moving stream of superheated 
steam, by its concomitant kinetic energy, and addition 
ally by the high amounts of thermal energy thus im 
parted to the material. This may also be utilized in this 
manner in order to reduce further drying operations 
subsequent thereto. It is additionally contemplated that 
in such a drying procedure a plurality of such steam 
carrying nozzles may be employed. Preferably, a plural 
ity of such steam-carrying nozzles will be brought into 
contact with the moving material, such that the initial 
contact with superheated steam will be at a substan 
tially high temperature, while the temperature of each 
succeeding contact with superheated steam will de 
crease such that the contact with the final stream of su 
perheated steam will be at a temperature substantially 
less than that of said initial stream of superheated 
steam. It is additionally contemplated that when a se 
ries of such superheated steam nozzles are employed, 
that the amount of steam employed in each succeeding 
nozzle can be changed. Therefore, in a typical drying 
operation as contemplated by the present invention, a 
series of superheated steam nozzles will be employed 
along the moving material to be so treated, and the 
temperatures and amounts of steam employed in each 
nozzle will be regulated such that in the initial nozzle 
coming in contact with said moving fabric or material, 
large amounts of steam, e.g. up to 1,500 psi of steam 
per hour, and preferably from 1,000 to 1,500 psi of 
steam per hour, are utilized, the quantity of steam will 
be completely dependent upon the nature of the web 
being processed. This steam will generally be at tem 
peratures of from 400 to 500F., and will be contacted 
with the saturated material in order to extract large 
amounts of water therefrom, obtaining a high degree of 
utilization of its kinetic energy. Thereafter, the suc 
ceeding nozzles of superheated steam contacted with 
the moving material can contain varying amounts of 
steam at different temperatures. Therefore, the large 
thermal energy of the superheated steam will be em 
ployed to mechanically extract the loose water and also 
accomplish the heating of the water held in the fabric 
or material, and finally its rapid evaporation. It will be 
preferred, therefore, that the final nozzle of super 
heated steam contacted with the material will contain 
superheated steam at substantially different tempera 
tures and moisture content or quality as compared to 
the initial contacting. 

In another embodiment of the present invention this 
process and apparatus will be employed for the treat 
ment of polyester or nylon fabrics to accomplish the 
heat setting of such materials. This will occur in various 
configurations, but generally with some means such as 
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a tenter frame for holding the web to the desired width 
during setting. In such a manner yarns such as polyester 
yarns may be textured by the present apparatus and 
process. 

DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a side view of the apparatus of the present 

invention, including the inlet line; 
FIG. 2 is a top view of the apparatus; 
FIG. 3 is an end view of the apparatus; and 
FIG. 4 is a diagram of a preferred textile treating pro 

cedure employing a number of these devices. 
DESCRIPTION OF THE PREFERRED 

EMBODIMENT 

Referring to FIG. 1, the apparatus of the present in 
vention is shown, including an inlet line 9 which carried 
the steam into the apparatus. Steam 18 is carried into 
an inlet line 17 prior to entry into housing 1 in which 
it will become superheated. In the inlet line 17, the 
pressure at which the steam enters the housing 1 is con 
trolled by utilizing a pressure regulator 16. The steam 
then passes further into the inlet line through lines 15 
and 12, wherein the steam flow is further controlled by 
solenoid valves 13 and/or manual control valves 0. 
The steam 8 then passes through inlet lines 9 and 8, 
and finally the steam 19 passes through inlet lines 7 into 
the housing 1. The housing holds the steam for a period 
of time during which it becomes superheated, and will 
therefore be of a sufficient size to contain enough 
steam, relative to the total steam flowing into the hous 
ing 1, so that the steam will be inside the housing 1 for 
a sufficient time to reach the desired temperature and 
pressure. Superheating of the steam held inside the 
housing 1 is accomplished by a heating means. These 
will include a series of heating elements 57 placed in 
side the housing for direct contact with the steam, with 
excellent heat transfer, and/or a heating jacket 5, main 
tained on the outer surface of the housing 1. The condi 
tions inside the housing may be held constant by utiliz 
ing a temperature sensor 6. The superheated steam 
then passes outwardly from the housing through a noz 
zle 2, which contains a slot 3, and may thus be directed 
onto the surface and through the textile or textile-like 
material 4 which is moving across the surface of the 
nozzle 2 within a small but variable distance thereof, 
generally within about 1 or 2 inches therefrom. FIGS. 
2 and 3 further show the configuration of the housing 
1, steam inlet means 7 and nozzle 2, from top and end 
views, respectively. 
Referring to FIG. 4, a preferred incorporation of the 

present apparatus into a typical textile-treating scheme 
is demonstrated. A fabric to be treated 20, is generally 
in a highly moist condition subsequent to wetting in a 
tank 2 containing a liquid 22, such as water. Upon 
passage from the surface of such a bath 23, the fabric 
24 is then directed by a series of rollers 25, 26 and 27 
into the treating zones. In a first zone extraction of sub 
stantial amounts of water from the wet fabric is carried 
out preferably with a single apparatus of the present in 
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6 
vention. Thus, steam 29 passes into a housing 31 
through steam line 30, wherein it is superheated utiliz 
ing a heating means 28, and the superheated steam at 
from 200 to 800 °F. and from 5 to 150 psig passes 
through the nozzle 32 containing exit point 33, and is 
directed through the moving material. Extracted water 
34 thus is removed from the fabric, which is passed on 
by rollers 35 into the drying zone. The fabric is then 
dried utilizing a series of these apparatus, wherein the 
fabric is contacted with the rapidly moving superheated 
steam at decreasing severities, i.e. temperatures and 
pressures. At each such apparatus, steam 42 passes into 
the housing 37 through inlet line 41, wherein it is super 
heated by heating means 38 and finally passes at high 
velocities onto the fabric through nozzles 39 containing 
a slot 40. The dried fabric then is directed by rollers 43 
into a setting zone. In this zone the material is main 
tained at the desired width utilizing a tenter frame 44, 
mounted on pivot wheels 46, and equipped with means 
for grasping the moving fabric 45. The setting is thus 
accomplished by again contacting the thus-maintained 
fabric with superheated steam by utilizing the present 
apparatus. Steam 52 is thus passed into each housing 
50 through inlet lines 51, and is superheated using heat 
ing means 49. The superheated steam then passes di 
rectly onto the fabric through nozzles 48 containing a 
slot 47. The thus-treated material 54 is then collected 
on a wind-up means 56, which rotates on an axle 53, 
and is maintained on a base 55. 
Having thus described my invention and the advan 

tages thereof, what I claim is: 
1. A process for continuously treating textile and tex 

tile-like materials which comprises superheating steam 
by maintaining said steam in an enclosed chamber at 
elevated temperatures of from 200 to 700°F and ele 
vated pressures of from 5 to 115 psig, and directing a 
flow of said superheated steam directly onto the sur 
face of and through said textile or textile-like material 
by releasing said superheated steam from said chamber 
while passing said textile or textile-like material 
through said flow of superheated steam, such that the 
contacting of said textile or textile-like material with 
said superheated steam is maintained for a relatively 
short period of time and said textile or textile-like ma 
terial is not adversely affected thereby. 

2. The process of claim 1 wherein said elevated tem 
perature is from 220' to 500F., and said elevated pres 
sure is from 15 to 25 p.s. i. 

3. The process of claim 1 wherein said elevated tem 
perature is from 400 to 450°F., and said elevated pres 
sure is from 50 to 60 p.s. i. 

4. The process of claim wherein said flow of super 
heated steam additionally contains a treating media se 
lected from the group consisting of steam, water, deter 
gent, bleach, dye, and mixtures thereof. 

5. The process of claim 1 wherein from 1,000 to b 
1,500 pounds of Superheated steam per hour are con 
tacted with said textile material. 
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