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{57} ABSTRACT

An apparatus for the continuous treatment of an ad-
vancing web such as a cotton fabric with one or more
recactive gases comprises one or more reaction cham-
bers, cach including fluid discharge means for direct-
ing a treating gas onto the web in the chamber and
evacuation means disposed on both ends of the cham-
ber to prevent both the fluid from escaping from the
chamber and the fluid outside the chamber from en-
tering the chamber. Heating means adapted to heat
the continuously advancing web of fabric material
may also be provided. Suitable heating means include
a plurality of heated rotary drums.

Such an apparatus may be used for the application of
gases such as formaldehyde or sulfur dioxide or both
to a cellulose fiber-containing fabric at an elevated
temperature and in the presence of controlled
amounts of moisture. In this manner, a previously
applied N-methylol precondensate can be ““wet fixed”
in the fabric, thus making it possible to improve the
wrinkle resistance and other shape-holding properties
of the fabric while prescrving good fabric strength
after an eventual dry cure. Such a process can also be
used directly to impart the desired shape-holding
properties to the fabric, e.g., by crosslinking cotton by
means of an acid-catalyzed formaldehyde reaction in
the described apparatus.

9 Claims, 4 Drawing Figures

I4-2 %




U.S. Patent  Sept. 30,1975 Sheet 1 of 3 3,908,408

N
- 2
= —
)
@) 2
S JTIL] o
ée I itk I !
i(
[ETLLLI
€
=

FIC |

18—




U.S. Patent  sept. 30,1975 Sheet 2 of 3 3,908,408

i °h RSy

<
)

4~
M”“' .

}-

FIG 2



U.S. Patent

Sept. 30,1975

Sheet 3 of 3 3,908,408

=

347

40/\
!

i
R

\_

= /"]“ ?/50
4
44
\ N
62
FIG 4
i34
=N
A ~/




3,908,408

1

APPARATUS FOR THE CONTINUOUS
TREATMENT OF AN ADVANCING WEB

BACKGROUND OF THE INVENTION

Various-processes have been developed for altering
the physical properties of a fabric by applying various
agents to the fabric, usually during a finishing process.
For example, it is well-known to impart durable wrinkle
resistance to cellulose fiber-containing fabrics such as
cotton by impregnation of a continuous length of fabric
with an aqueous solution of a suitable low molecular
weight thermosetting resinous precondensate or cellu-
lose crosslinking agent of a small enough molecular size
to penetrate the cellulose fiber structure, usually with
an appropriate catalyst, and eventual curing of the im-
pregnated fabric. Such treatments have been effective
in improving the shape-holding properties of cotton
fabrics and have resulted in a greatly increased demand
for durable press cotton fabrics because these combine
the traditional comfort, washability and economy of
the native fibers with the easy care properties desired
in today’s textile market. To facilitate garment manu-
facture, the cure of such resin-treated fabrics is delayed
until after the treated fabric is cut and sewn to produce
the desired finished garment and after such garment is
given the desired shape by pressing.

A particularly promising approach to the production
of easy-care, durable press garments has involved the
wet fixation of resin- or polymer-forming creaseproof-
ing agents, such as formaldehyde-melamine .precon-
densates, as disclosed, for example, in U.S. Pat. No.
3,138,802. In this type of process, a fiber system such
as a cotton fabric is protected against excessive
strength loss and presensitized for durable press pro-
cessing by fixation of a suitable polymer-former and
creaseproofing agent within the fibers while they are
wet and swollen but without greatly altering the dry
crease recovery angle or durable press properties of the
fiber system. The latter properties are only imparted in
the desired degree during a subsequent dry cure. Such
a process accordingly permits ready creasing or other
distinct shaping of the fiber system during apparel man-
ufacture or the like subsequent to the wet fixation step
and prior to the delayed dry cure. However, wet fixa-
tion processes heretofore known have usually required
neutralization and wash-off of the strongly acid wet fix-
ation catalyst subsequent to the wet-fixing step, to be
followed by drying and then recatalyzation and redry-
ing. prior to the actual cure, thus requiring additional
processing time and effort.

Other promising approaches to the production of
easy care, durable press garments have involved expos-
ing a conditioned cotton fabric to formaldehyde and
gaseous sulfur dioxide and heating the fabric under
controlled moisture conditions, as disclosed, for exam-
ple, in U.S. Pat. No. 3,706,526, and in copending appli-
cation Ser. No. 237,056 of Swidler et al. filed Mar. 22,
1972, assigned to the assignee of the present applica-
tion. These processes result directly in a cured fabric.

A superior durable press process is disclosed in U.S.
Pat. No. 3,642,428. This process includes applying to
a cellulose fiber-containing fabric a solution containing
a polymer former such as a melamine-formaldehyde or
urea-formaldehyde precondensate and a latent curing
catalyst. Subsequently, the fabric while in a water
swollen state is exposed at an elevated temperature in
the presence of formaldehyde to a gas which is a strong
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acid (e.g., acetic acid, formic acid, hydrogen chloride)
or capable of forming a strong acid by reaction with
formaldehyde (as in the case of sulfur dioxide). The re-
sulting fabric, which now contains the polymer former
wet-fixed therein, is dried to form a fabric which con-
tains the wet-fixed resin. This dry fabric may then be
sewn to form a garment which may have creases hot
pressed into it and the garment may finally be cured in
the presence of a latent curing catalyst to impart dura-
ble press properties to it. As an alternative, the fabric
containing the wet-fixed resin and latent catalyst may
be cured and thus have durable press properties im-
parted to it before it is made into a final product such
as bed linen, or, if desired, a garment.

When a durable press fabric is to be directly pro-
duced in accordance with the reaction disclosed in the
above-mentioned U.S. Pat. No. 3,706,526, treatment
of the fabric with formaldehyde and sulfur dioxide must
be carried out under carefully controlled conditions of
temperature and humidity in order to achieve optimum
results as the crosslinking reaction based on formalde-
hyde and sulfur dioxide is self-limiting in that removal
of water from the system causes decomposition of the
strong sulfonic acid which serves as a catalyst for this
reaction. -

Another important consideration in processes of
these types is providing suitable apparatus which pre-
vents leakage of hazardous or noxious reactants, such
as formaldehyde and sulfur dioxide, out of the appara-
tus. Both formaldehyde and sulfur dioxide are noxious
and pungent, and leakage of these materials into the at-
mosphere around the processing apparatus is objec-
tionable from the point of view of safety or industrial
hygiene.

OBJECTS AND SUMMARY OF THE INVENTION

Accordingly, it is an object of this invention to pro-
vide an apparatus for efficiently and effectively treating
a continuously advancing web of material with noxious
or hazardous fluid. .

Another object of the invention is to provide an ap-
paratus for treating a continuously advancing web of
material with a reactive gas.under controlled condi-
tions of temperature, gas concentration and humidity.

A further object of the invention is to provide an and
apparatus for treating a continuously advancing web of
material with a noxious gas without objectionable leak-
age of the gas into the surrounding atmosphere or leak-
age of the atmosphere into the treating chamber.

A specific object of this invention is to provide an
and apparatus for the wet fixation of a polymer former
such as a N-methylol containing precondensate in a
cotton-containing fabric with formaldehyde and sulfur
dioxide in the presence of moisture to provide a fabric
suitable for the subsequent formation of a durable press
article, which apparatus substantially prevent leakage
of formaldehyde or sulfur dioxide into adjacent areas.

Another specific object of this invention is to provide
an. apparatus for the reaction of a cellulose fiber-
containing fabric with formaldehyde in the presence of

-an acid catalyst and moisture to provide a fabric having

durable press properties, without objectionable leakage
of noxious gas into adjacent areas.
These and other objects of the invention will become
more clearly apparent from the following description.
In accordance with the invention, there is provided
a fluid treatment apparatus comprising: enclosure
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means; first and second reaction chamber means in said
enclosure means for applying fluid to a continuous web
of material being conducted therethrough; a plurality
of rotary drums in said enclosure means between said
first and second reaction chambers; and means for con-
ducting a continuous web of material into said enclo-
sure and in sequence through said first reaction cham-

ber and over said rotary drums and through said second
reaction chamber, and subsequently out of said enclo-
sure.

By carrying out contact of the fabric with treatment
gases within the fluid treatment apparatus of the pres-
ent invention, the fabric may be treated under con-
trolled conditions without significant leakage of haz-
ardous or noxious gases into the interior of the enclo-
sure to pose'a safety hazard or interfere with intermedi-
ate processing steps which are being performed within
the same enclosure.

These and other aspects, advantages and embodi-
ments of the present invention will become more
clearly apparent from the following detailed descrip-
tion.

DESCRIPTION OF THE DRAWINGS

A preferred embodiment of the invention is illus-
trated in the accompanying drawings in which:

FIG. 1 is a side elevational view, partially schematic,
of the fluid treatment apparataus of the invention;

'FIG. 2 is a side elevational view of a reaction cham-
ber in accordance with this invention;

FIG. 3 is a front elevational view of the reaction
chamber of FIG: 2; and

FIG. 4 is a cross-sectional view of the reaction cham-
ber along the line 4—4 of FIG. 3.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

The Apparatus

A preferred embodiment of the fluid treatment appa-
ratus of this invention is illustrated schematically in
FIG. 1. The apparatus includes an enclosure 10 which
is in the form of a large box. The top and bottom walls,
side walls, and end walls of the enclosure 10 may be
jacketed in order to minimize heat conduction through
the walls. The web or fabric 14 enters the enclosure 10
through a horizontal slot 16 which extends across at
least a portion of the end wall of the enclosure 10. Pref-
erably, inwardly curved guide members, as indicated
schematically at 16, are positioned in close proximity
to the upper and lower surfaces of the fabric to mini-
mize heat loss from the interior of the enclosure.

A reaction chamber 12 is mounted in the interior of
the enclosure 10 adjacent one end (preferably the fab-
ric entry end). The reaction chamber 12 has openings
at the top and bottom to allow the fabric 14 to pass
through the chamber 12. Reaction chamber 12 is suit-
ably provided with fluid inlet and outlet means, as more
fully explained hereinbelow, to provide contact be-
tween the fluid and the fabric within the reaction cham-
ber 12. The enclosure 10 further contains guide rolls 18
disposed at the top and the bottom of the reaction
chamber 12 which align the fabric 14 with a center
plane passing vertically through the reaction chamber
12.

From the reaction chamber 12, the fabric is guided
by suitably disposed guide rolls 19 over a plurality of
heated rotary drums 20. The drums 20 are of conven-
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tional construction and may be provided with suitable
means for heating the surface of the drums to tempera-
tures in the range between 80° and 180°C. The size and
number of the drums 20 as well as the speed of the fab-
ric about the drums may be adjusted such that the fab-
ric is heated to a desired temperature as the fabric 14
exits from the drums 20.

A second reaction chamber 22, which is substantially -
identical in construction to the reaction chamber 12,
may be mounted vertically within the enclosure 10.
Guide rolls 24 are provided in enclosure 10 for guiding
the fabric 14 through the reaction chamber 22 in the
same manner as the guide rolls 18.

The enclosure 10 also may include suitable means to
provide, if desired, an area for the fabric to be held for
a desired time prior to leaving the enclosure 10. For ex-
ample, a plurality of guide rolls 26 may be arranged
along the top and the bottom of the enclosure and the
fabric 14 passed over these guide rolls to allow expo-
sure of the fabric to the conditions in the enclosure for
a predetermined period of time as the fabric advances
continuously. Preferably, one or more heating means
28 extending across the width of the enclosure 10 on
opposite side of vertical runs of the fabric may be pro-
vided. Other suitable means to provide a desired tem-
perature or moisture content, such as steam jets or the

like, in the enclosure may also be provided. Gas may be

withdrawn continuously through one or more conduits
30 along the top of the enclosure 10. This controlled
exhaust arrangement permits keeping the system at a '
predetermined negative pressure relative to the exte-
rior pressure. The fabric 14 may be removed from the
enclosure 10 through horizontal slot 14 for further pro-
cessing.

" The reaction. chamber 12 is illustrated in FIGS. 2, 3
and 4. The end walls and top -and bottom walls of the
chamber 12 are formed by a rectangular frame 32. Side
panels 34 are secured to the frame 32 and sealed
against leakage around the edges of the panel. Brackets
36 may be provided on the frame for mounting the re-
action chamber 12 in the enclosure 10.

Reaction chamber 12 includes one or more conduits
or spray members which may be in the form of one or
more pipes 62 extending the width of the reaction
chamber 12 and preferably equidistantly disposed on
opposite sides of the central plane 66 which passes mid-
way between the panels 34. The plane 66 coincides
with the path of the fabric 14 as it passes through the
reaction chamber 12. Each spray member has a series
of regularly spaced openings 64 which form nozzles for
directing the fluid out of the pipe into the reaction
chamber. Preferably the nozzles are directed to dis-
charge the fluid towards the central plane 66. The
sleeve-like chamber 12 and the spray members 62 are
arranged to provide penetration of the fluid throughout
the fabric as the fabric passes through the chamber.
Penetration is provided by a number of factors includ-
ing, for example, the relative thinness of the reaction
chamber 12, the number and position of the nozzles
and the velocity of the fluid exiting from the nozzles.

Each panel 34 may have a thin plate heat exchanger
38 mounted on the interior wall by means of studs 40.
The heat exchangers 38 are provided with pipe fittings
42 which extend through the panels 34 for conducting
heat transfer fluid into and out of the heat exchangers
38. Preferably, each heat exchanger 38 also has a con-
voluted surface on at least the side adjacent the fabric
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sufficient to promote turbulent flow of a fluid along the
fabric surface after the fluid has been ‘introduced
through openings 64. Such turbulent flow also provides
penetration of the fluid throughout the web.

As shown in FIG. 4, the top and bottom of the frame
32 have slots 44 which extend from one end of the
frame 32 to the other. The opposite edges of the slots
44 may be covered by lip member guide mearis which
may be flexible, semicircular lengths of a suitable non-
reactive material. Characteristically, lip members 46
are formed from plastic (e.g., polytetrafluoroethylene)
tubing which has been cut in half and mounted on the
top and bottom of the frame by means of screws or
other suitable mounting means. ‘

A wind box 48 is mounted over each of the slots 44
and is secured and sealed to the frame 32. Each wind
box 48 includes a pair of plenum chambers 50 on oppo-
site sides of the slot 44. Each plenum chamber 50 is co-
extensive with the width of the frame 32. An end plate
52 is secured between the plenum chambers 50 at op-
posite ends of the slot. A cover plate 54 is also mounted
on each pair of plenum chambers 50 and extends the
width of the chamber. The cover plate 54 and the end
plates 52 and the opposite walls of the plenum cham-
bers 50 cooperate to form an enclosure around the slot
44 at the top and the bottom of the frame 32. The cover
plate 54 has a longitudinal slot 56 which is aligned with
and substantially coextensive with the corresponding
slot 44.

The plenum chambers 50 each contain exhaust aper-
tures such as a plurality of holes 58 spaced apart at reg-
ular intervals along the length of the slot 44. The ple-
num chambers are each connected via exhaust pipe 60
to suitable exhaust means (now shown) such as a suc-
tion fan which provides a sufficient exhaust such that
any gas or vapor leaking through the slots 44 will be ef-
fectively drawn out through the exhaust apertures 58
and will not enter the interior of the enclosure 10.
Since the gas is withdrawn before it can enter the en-
closure 10, it cannot leak from the enclosure into the
area adjacent thereto. The reaction chamber 12 is
maintained at a predetermined negative pressure rela-
tive to the pressure within the enclosure Also, gas
which may be in the enclosure 10 (e.g., air, steam) is
withdrawn through exhaust apertures 58 before such
gas can enter through slots 44 into the interior of the
reaction chamber 12.

As noted before, reaction chamber 22 may be identi-
cally constructed as reaction chamber 12.

Although the fluid treatment apparatus of the present
invention has been illustrated in FIG. 1 and the accom-
panying description as including two reaction cham-
bers, it will be understood that other embodiments of
the apparatus of the present invention may also include
only one or more than two such reaction chambers.

Processing

The fluid treatment apparatus of the present inven-
tion is particularly well-suited for use in durably fixing
a polymer former or a crosslinking agent in a cellulose
fiber-containing fabric in a continuous manner. This
fixation can make the fabric capable of developing du-
rable press properties when subsequently dry cured, or,
in the case of suitably chosen reaction system, the fixa-
tion itself can impart the desired durable press proper-
ties to the fabric.
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In one embodiment of such a process, the fabric
which is continuously advanced into the enclosure is a
cellulose fiber-containing fabric which has been pad-
ded with an aqueous solution containing a latent curing
catalyst and a water-soluble polymer-forming material
such as an aminoplast precondensate containing reac-
tive N-methylol groups or a compound such as urea
which forms a N-methylol precondensate upon reac-
tion with formaldehyde. The padded fabric is exposed
in the presence of moisture to formaldehyde and sulfur
dioxide at a temperature sufficient to cause the N-
methylol compound and formaldehyde to become du-
rably fixed in the material in substantially water insolu-
ble form so as to be capable of causing the desired
crosslinking during a final dry cure step.

The fabric may contain various natural or regener-
ated cellulose fibers alone or as mixtures with each
other in various proportions or as mixtures with other
fibers. They include natural cellulose fibers such as vis-
cose rayon and cuprammonium rayon. Other fibers
which may be used in blends with one or more of the
above-mentioned cellulosic fibers are, for example,
wool, silk, cellulose acetate, polyamides (e.g., nylon),
polyesters (e.g., polyethylene terephthalate), acrylics,
polyolefins (e.g., polypropylene), polyvinyl chloride,
polyvinylidene chlorine, and polyvinyl alcohol fibers.
Such blends may include at least 15 percent, desirably
at least 35 percent, but most preferably at least 70 per-
cent, of cotton or other natural cellulose fiber.

The material may be a knit, 'woven, nonwoven, or
otherwise constructed fabric or the invention may be
applied to fibers or yarns before they are converted
into more complex structures. The web may be in flat,
creased, pleated or hemmed form prior to treatment in
the present invention and may be formed into virtually
any shape after being wet fixed in accordance with the
present invention. After complete processing, the
formed crease-proofed fabric will maintain the desired
configuration substantially for the life of the article,
that is, a durable press fabric will be produced which
will retain its desired shape through numerous wear-
wash-dry cycles, requiring little or no pressing. The
process may also be applied to paper to increase its wet
strength and durability.

The preferred polymer-forming N-methylol com-
pounds at this time include the melamine-
formaldehyde, urea-formaldehyde, and the phenol-
formaldehyde precondensates.

The polymer formers useful herein include particu-
larly the easily hardenable precondensates which are
substantially water soluble and are obtained by conden-
sation of formaldehyde with a compound such as mela-
mine or a C, to C, alkyl substituted melamine, a urea,
or a hydroxy benzene such as phenol or resorcinol. The
resulting methylol-containing compound or precon-
densate may further be etherified by reaction with a
lower alkanol such as methanol or butanol. As is well
known in the fabric treating art, these precondensates
are capable of being applied to the cellulosic material
from an aqueous solution and to be readily wet fixed or
insolubilized therein as described, for instance, in U.S.
Pat. No. 3,138,802, Triazines obtained by condensing
a methyl or other lower alkyl substituted melamine and
formaldehyde are further examples of such preconden-
sates.

Good results are obtained, for instance, using pre-
condensates obtained by condensing 1 mole of mela-
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mine or an alkyl substituted melamine with 2 to 6 moles
of formaldehyde, i.e., using di-, tri-, tetra-, penta-, or
hexa-methylol melamine. Such products function well
as polymer formers which can be readily wet fixed in
the material by heating or steaming as described

herein.
Commercially available products of this kind include

Aerotex 23, an alkylated melamine-formaldehyde pre-
condensate; Aerotex M-3, a dimethoxymethylhydrox-
ymethyl-melamine; and Aerotex 19, which is a less
completely fractionated modification of Aerotex P-
225. These products are supplied in the form of aque-
ous solutions by American Cyanamid Company. Equiv-
alent products are commercially available from other
manufacturers.

The padding bath with which the fabric is contacted
generally also contains a conventional latent curing
catalyst which releases or acts as a strong acid upon
heating to an elevated temperature such as 120°C or
higher. For example, one can use a water-soluble salt
of a strong acid with a weak base such as an ammonium
salt of hydrochloric, sulfuric, nitric, oxalic, lactic, or
other inorganic or organic acid, various amine hydro-
chlorides, as well as acid acting salts of metals such as
zinc or magnesium, e.g., zinc nitrate or magnesium
chloride or a mixed catalyst such as MgCl,/ZnCl,,
MgCly/citric acid or Zn(NOy),/tartaric acid.

For example, when using conventional padding
equipment, or when applying the chemicals by spraying
or other known processes, the polymerizable N-
methylol compound or precondensate may be dis-
solved in water to form a solution containing from
about 3 to 25 percent, and preferably from about Sto
15 percent, of the N-methylol compound. To facilitate
its ultimate cure in the cellulosic material, a curing cat-
alyst may be included in this same solution, or in a sep-
arate solution, in an amount of between about 1 and 10
percent, and preferably between about 4 and 6 percent,
based on the weight of the N-methylol compound. As
known to those skilled in the art, the optimum concen-
tration depends somewhat on the particular catalyst
and particular N-methylol compound used, and may be
determined by routine preliminary tests.

Depending on the requirements of the finished mate-
rials or fabrics, the padding or impregnation is carried
out in such a manner that the addon of N-methylol
compound deposited on the material is between about
3 and 12 percent, and preferably between about 6 and
8 percent, calculated as dry solid deposit based on the
weight of dry fibrous material (“‘owf”). The padding is
normally performed at ambient temperature, e.g., be-
tween about 10° and 30°C.

The aqueous padding bath may also contain other
conventional fabric treating agents, for instance, wet-
ting agents and fabric softners, i.e., polymers capable
of forming a soft film on the material or fabric. For ex-
ample, suitable fabric softeners include a latex or fine
aqueous dispersion of polyethylene, various alkyl acry-
late polymers, acrylonitrilebutadiene copolymers, de-
acetylated ethylene-vinyl acetate copolymers, polyure-
thanes, and the like. Polymeric additives suitable for
this general purpose are otherwise well known in the
art and in most cases are commercially available in
concentrated aqueous latex form. For use in the pres-
ent invention, such a dispersion is preferably diluted to
provide about 0.1 to 4 percent of softener based on the
weight of the fabric (“‘owf”).
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After padding in the liquid bath containing the
polymer-former, it is generally useful to pass it between
squeeze rolls where excess liquid is squeezed out.

The padded squeezed fabric enters the enclosure 10
at ambient temperature and is passed about guide rolls
into and through a first reaction chamber 12. The en-
closure 10 is maintained at a reduced pressure relative
to ambient, such as, for example, about 0.1 to 1.0 in. -
water gauge below ambient. An acid such as sulfur di-
oxide gas is passed into the reaction chamber 12 and
impinged through pipes 62 and openings 64 onto the
continuously advancing fabric. Reaction chamber 12
further contains a thin-walled, convoluted surface heat
exchange 38 through which cooling fluid is passed to
maintain the fabric temperature at about ambient (e.g.,
from about 20° to about 50° C., preferably from about
25° to about 40° C.). Turbulence is promoted by the ve-
locity of the fluid impinged through openings 64 and
the convoluted surface enhances turbulent flow of the
treating gas as it passes over the fabric thus promoting
solid-vapor contact As understood by those skilled in
the art, laminar flow of a gas along a solid surface is
generally accompanied by a boundary layer which re-
tards contact of the vapor and the solid. Baffles or
other turbulence promoting structures may also be uti-
lized.

A negative pressure relative to the pressure within
enclosure 10 of about 0.5 to about 1.0 in. water gauge,
preferably from about 0.5 to about 0.8 mm. Hg., is cre-
ated through exhaust pipe 60 to plenum chambers 50
at each end of the reaction chamber 12. In this manner,
leakage of treating gas from the interior of reaction
chamber 12 into the enclosure 10 is substantially pre-
vented.

The fabric is continuously advanced from reaction
chamber 12 about guide rolls 19 over five rotary drums
20 each heated to a temperature of about 75° to about
200° C., preferably from about 80° to about 180° C, to
heat the fabric rapidly to the desired temperature with
a minimum loss of moisture.

The heated fabric is continuously advanced over
guide rollers 24 into and through a second reaction
chamber 22. Formaldehyde vapor is impinged onto the
fabric at a temperature of about 100° to about 200° C,
preferably from about 120° to about 180° C. Heated
fluid may be passed through a thin plate, convoluted
surface heat exchanger of the same construction as in
reaction chamber 12 to maintain the desired tempera-
ture within the interior of the reaction chamber 22 »s
well as to promote vapor-solid contact.

As understood by those skilled in the art, and as more
fully explained in U.S. Pat. No. 3,642,428, herein in-
corporated by reference, the moisture content of the
fabric in the second reaction chamber is important and
is maintained between about 15 and about 90, prefera-
bly between about 30 and about 70 percent by weight
of the fabric. The moisture content is important as
water reacts with the SO, and formaldehyde to form a
strong acid catalyst in situ on the fabric in accordance
with the following reversible equation:

CH,O + SO, + H,O “= HOCH,SO;H
This strong acid catalyst fixes the polymer in the fibers
of the fabric, and can then be decomposed by simple
drying. ,
Again, a reduced pressure of the same magnitude as
applied to the plenum chambers of reaction chambers
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12 is applied to the plenum chambers of the second re-
action chamber 22 to prevent the leakage of any sub-
stantial amount of vapors from the interior of the reac-
tion chamber 22 into the enclosure 10.

After leaving the second reaction chamber 22, the

fabric may be continucusly advanced-about a plurality
of guide rolls 26 in the holding area of the enclosure 10
for a time and at a temperature sufficient to essentially
complete the polymerization and ﬁxatxon ‘of the’ polym-
er-former in the fabric.

The fabric is removed from the enclosure 10 and may
be further processed to form a durable press article.
After exposure to the reactive atmosphere in the sec-
ond reaction chamber, if the initial pad bath contained
a latent curing catalyst, the cellulosic material is di-
rectly dried in preparation for the manufacture of a du-
rable press article therefrom. No other intervening rins-
ing or other processing is required in:such a case. Only
if a latent catalyst was not included in the initial pad
bath is it necessary to pass the fabric after the vapor
treatment and before the drying step through a second
pad bath containing an aqueous solution of a suitable
latent curing catalyst, whereby the fabric becomes cat-
alyzed for the eventual dry cure. Drying conditions are
not especially critical, but if delayed cure properties
are desired, drymg should be controlled to avoid pre-
curing. -

Ina specnfic embodiment of the mventlon a continu-
ous length of a 100 percent cotton fabric is padded with
an aqueous solution of 12 percent of hexakis (methox-
ymethyl) melamine' precondensate, 0.5 percent zinc
nitrate hexahydrate, 0.2 percent “Triton X-100" non-
ionic wetting agent and 1.0 percent finely dispersed
polyethylene fabric softener (“Velvamine 732).

After squeezing out excess liquid to a 65 percent wet
pick-up by passage through a pair of squeeze rolls, the
fabric is continuously advanced mto the enclosure 10
as shown in FIG. 1.

The fabric is contmuously advanced into a first steel
reaction chamber which is wider than the fabric width,
long enough to provxde sufficient contact area between
the fluid and fabric and sufﬁcnently shallow (e.g., about
6 inches or less) to promote penetration of the fluid
throughout the fabric. The reaction chamber also in-
cludes a slot on its top and bottom extending substan-
tially the width of the reaction chamber.

A wind box is attached to each end of the reaction
chamber and also is formed of steel. Each wind box
contains a slot in alignment with the corresponding slot
in the reaction chamber. Each wind box plenum-cham-
ber further includes a plurality of holes arranged sym-
metrically and equidistant along the length of the slot.
One end of each wind box plenum chamber is provided
with a suitable pipe connection to a suction fan to es-
tablish a reduced pressure in the plenum chamber of
about 0.5 in. water gauge below the pressure in enclo-
sure 10. )

The reaction chamber further includes a pair of spray
members formed of pipe, each containing a plurality of
small diameter holes spaced equidistantly over the pipe
length. The reaction chamber also includes a convo-
luted surface thin plate heat exchanger on either side
of the fabric with suitable connections to a coolmg fluid
source.

Sulfur dioxide gas. is passed into the spray pipes and
is impinged on the fabric continuously advancing there-
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through while sufficient watér is passed through the

10

heat. exchangers to maintain the fabric temperature at
about 25°C.

.. The fabric is continuously advanced from the first re-
action chamber about five rotary drums which may be
independently heated to temperatures ranging from 75°
t0.200°C. by steam in the interior of the drums.

The fabric, at the desired temperature, is passed into
a second reaction chamber constructed in the same
manner as the first reaction chamber, where formalde-
hyde vapor is impinged on the fabric. Steam is passed
through the heat exchangers to maintain a temperature
in the reaction chamber of about 150°C. The fabric has
a moisture content of about 50 percent (‘“‘owf”) to pol-
ymerize the resin and cause it and the formaldehyde to
become fixed in the fabric, leaving the fabric capable
of being crosslinked in a subsequent dry cure step.

The treated fabric leaves the second reaction cham-
ber and. is guided about the holding area a time suffi-
cient to complete fixation of the resin and formalde-
hyde in the fabric. During this time, which may be
about one minute or less, the heat exchangers maintain
a temperature of about 85°C. The resulting fabric leav-
ing the enclosure has a moisture content of about 45
percent and may be dried. The dried fabric is subse-
quently dry cured to provide a durable press article.

It will be understood that the fluid treatment and ar-
rangement described above may be modified in various
ways. For example, the padded, squeezed fabric may be

-passed into the enclosure 10 and directly about a plu-

rality of heated drums 20 to, raise the temperature of
the fabric up to about 100°C. The heated fabric may
then be passed into the reaction chamber 22 in which
a mixture of formaldehyde and SO, is impinged upon
the fabric at a reaction chamber temperature of from
about 75° to about 175°, preferably from about 90° to
about:150°C. and a moisture content of about 15 to
about 90, preferably from about 30 to about 70, per-
cent by weight of the.fabric.

In another embodiment, when a h:ghly methylolated
polymer former is used, such a compound may, in and
of itself, furnish sufficient formaldehyde to form the re-

.quired amount of sulfonic acid catalyst and assist in the

fixation of formaldehyde in the fabric, and in such a
case only a single reaction chamber with proper mois-
ture control is necessary.

Also, the holding portion of the enclosure may be
omitted, if desired. The apparatus of the present inven-
tion is also useful in a process such as that disclosed in
previously mentioned U.S. Pat. No. 3,706,526 in which
an unpadded cotton-containing fabric is contacted with
hot formaldehyde and SO, in the presence of moisture
to form the highly acid sulfonic acid catalyst as ex-
plained above and cause the formaldehyde to crosslink
the cellulose fibers. The fabric may be heated by pas-
sage about a plurality of rotary heated drums and
passed into a single reaction chamber into which form-
aldehyde, SO, and steam are injected either as a mix-
ture or separately. Alternatively, the fabric may be
passed into a first reaction chamber where it is con-
tacted with a formaldehyde-sulfur dioxide mixture and
then passed over the rotary drums into a second reac-
tion chamber where it is heated while controlling the
moisture content of the fabric to produce the desired

-reaction. -

- The apparatus of thebpresent invention may be uti-
lized in a process for imparting flameproofing proper-
ties to cellulose. fiber-containing fabrics in which, for
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example, the fabric is padded with an aqueous solution
of monomeric tris (hydroxymethyl) phosphine and
dried to a wet pick-up of about 12 to 15 percent. The
fabric is then passed into a single reaction chamber in
which ammonia gas is impinged onto the fabric at am-
bient temperature to deposit within and on the fabric
a polymerized phosphorus-containing material.

This apparatus is similarly useful in a process for im-
parting durable press properties to a fabric in the pres-
ence of a gaseous catalyst, such as, for example, passing
a cellulose fiber-containing fabric padded with an
aqueous_solution of a water-soluble crease-proofing
agent containing reactive N-methylol groups over the
heated rotary drums to a temperature of between
above 80° up to about 160°C. and passing the fabric
into a reaction chamber containing a vapor atmosphere
containing a formic acid or acetic acid catalyst to effec-
tively crosslink the cellulose fibers. The crosslinked
fabric may be further heated in the enclosure to a tem-
perature above about 100°C. to dissipate water vapor,
residual catalyst and unbound crease-proofing agent
and to cure the crosslinked fabric.

While the foregoing specification describes the gen-
eral principles and nature as well as preferred embodi-
ments and modifications of the present invention, still
other modifications may be made by those skilled in the
art without departing from the scope and spirit of the
appended claims.

All parts, proportions and/or percentages referred to
in the present specification and claims are by weight
unless otherwise indicated.

What is claimed is:

1. Fluid treatment apparatus comprising:

enclosure means;

first and second reaction chamber means in said en-

closure means for applying fluid to a continuous
web of material being conducted longitudinally
therethrough, said reaction chambers including
longitudinally aligned entrance and exit openings
and means at the entrance and exit openings for
preventing significant leakage of the fluid from said
chamber into said enclosure means, whereby fluid
is substantially confined within said reaction cham-
ber means, each said reaction chamber being
spaced from the top and botton of said enclosure
means;

a plurality of rctary drums in said enclosure means
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between said first and second reaction chambers; .

and

means for conducting a continuous web of material
into said enclosure means and in sequence through
said first reaction chamber and over said rotary
drums and through reaction chamber, and subse-
quently out of said enclosure means.

2. The apparatus according to claim 1 wherein said
first and second reaction chambers each include a pair
of vertically arranged walls spaced apart from each
other, and include means forming a fluid chamber be-
tween said walls and

means for conducting fluid into said chamber.

3. Fluid treatment apparatus comprising:

enclosure means;

first and second reaction chamber means in said en-

closure means for applying fluid to a continuous
web of material being conducted therethrough,
said reaction chambers including means for con-
ducting fluid into said fluid chamber and means for
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preventing significant leakage of the fluid from said
chamber into said enclosure means, whereby fluid
is substantially confined within said reaction cham-
ber means, said reaction chamber means each in-
cluding a heat exchanger in each of said fluid
chambers, said heat exchangers extending verti-
cally along said walls and having a generally convo-
luted heat exchange surface whereby said fluid
conducted into said reaction chamber is caused to
flow in turbulent flow along the length of the web
advancing through the chamber, said means for
conducting a continuous web of material in-
cludinng guide roller means arranged to conduct
said web longitudinally along said convoluted heat
exchange surface and in close proximity thereto;

a plurality of rotary drums in said enclosure means
between said first and second reaction chambers;
and

means for conducting a continuous web of material
into said enclosure and in sequence through said
first reaction chamber and over said rotary drums
and through said second reaction chamber, and
subsequently out of said enclosure.

4. The apparatus according to claim 2 wherein each
of said reaction chambers includes an upper and lower
end wall having a longitudinal slot therein, and includes
a pair of partitions in said reaction chamber spaced in-
wardly from said top and bottom end wall, and includes
means for conducting fluid from the space between
said end wall and said partition to the exterior of said
enclosure.

5. The fluid treatment apparatus of claim 1 wherein '
diverse fluids are introduced into the reaction chamber
means.

6. An apparatus for treating cellulose fibercontaining
fabric with a reactive gaseous fluid comprising:

an enclosure;

first and second reaction chambers contained within
said enclosure, each reaction chamber having an
entrance opening and an exit opening;

each said reaction chamber including a fluid treat-
ment chamber having means for providing gaseous
fluid contact with at least one surface of a fabric
passing therethrough and gaseous fluid removal
means mounted adjacent to each said entrance
opening and exit opening, said gaseous fluid re-
moval means having means for allowing fabric to
enter and exit said fluid treatment chamber without
substantial leakage of gaseous fluid from said fluid
treatment chamber into said enclosure;

a plurality of rotary drums in said enclosure means
between said first and second reaction chambers;
and

guide means within said enclosure for continuously
advancing a fabric within said enclosure, through
said reaction chambers and over said rotary drums
and out of said enclosure.

7. The gaseous fluid treatment apparatus of claim 6

wherein said rotary drums are heated. ‘

8. The gaseous fluid treatment apparatus of claim 7
wherein at least one of said reaction chambers further
includes a plurality of heat exchanger means.

9. The gaseous fluid treatment apparatus of claim 8
wherein each said reaction chamber further includes a
plurality of fluid inlet means disposed to provide fluid
on either side of a fabric continuously advancing there-
through and heat exchanger means in said at least one
reaction chamber includes a convoluted surface
whereby fluid provided through said fluid inlet means

is promoted to flow along the fabric ina turbulent flow.
* * * * *



