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This invention relates to an apparatus for uniform heat-
treatment of porous sheet materials, in particular to an
apparatus for effecting such heat treatment while main-
taining a restraint on the surface of the sheet to prevent
or minimize any change in area dimensions.

The heat treatment of porous sheet materials, for ex-
ample nonwoven fabric webs or paper-like sheet struc-
tures, is often required in order to activate a binder mate-
rial therein, to modify the surface for decorative or
smoothing effects, to cause spontaneous zlongation of the
constituent fibers thereby developing fiber crimp, or for
other known purposes. In many instances the heat freat-
ment requires the use of a closely controlled temperature
and rapid attainment of that temperature in order to pre-
vent adverse effects upon the resuliing sheet material.

While nonwoven fabrics can be bonded by any of the
well-known solvent, adhesive or heat bonding technigues,
the latter in which the fibers are seif-bonded at a multi-
plicity of fiber intersection points possesses distinct ad-
vantages in terms of cost and the avoidance of the extra
steps which are otherwise needed to apply a binder mate-
rial and remove a volatile carrier should one be used.
Morecver, special effects can be coften achieved by self-
bonding techniques which are not readily attainable by
other methods. A noiable disadvantage of the self-bond-
ing techniques as heretofore practiced, however, has been
the lack of equipment which, when employed in a con-
tinuous operation on a commercial scale, will provide the

high degree of precision required with respect to tem- .

perature confrol. Thus if the temperature is not con-

sistently maintained at a sufficiently high level, areas of °

the fabric may possess an inadequate number of satis-
factorily strong bonds. Excessively high temperatures,
on the other hand, give rise to over-bonding even to the
point where the fiber structure collapses. In the case of
oriented fibers such as crystalline oriented polypropylene,
these being of particular value in nonwoven fabrics, the
use of temperatures near the incipient melt point or stick
temperature tends to deorient the fibers to such an extent
that much of their inherent high strength is destroyed.
Even apart from the temperature control problem which
previousiy has been asscciated with self-bonding equip-
ment, problems have also been experienced in preventing
excessive fiber shrinkage during bonding. This problem
has proven to be particularly acute with crystaliine poly-
propylene fibers since it has been observed that they tend
to undsrgo excessive shrinkage even when bonded under
carefully comtrolled conditions. Particular care must
therefore be ezercised to ensure that such fibers are prop-
erly restrained during the heating operation.

In processing a loose bulky web of nonwoven fibers,
it is desirable 1o expose all the fibers to a similar heat
treatment so that the resultant product has a uniform dis-
tribution of equal bond points throughout its dimensions.
In practice, subjecting a web of this kind to such critical
heat treatment by conventional means, gives rise to some
exceedingly difficult and sophisticated heat transfer prob-
lems. This is largely due to the high amount of dead air
space contained in the web. The air is not only a rela-
tively poor heat transfer medinm but, during actual treat-
ment, appears to absorb a large portion of thermal energy
so that great quantities of the heating medium must be
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supplied at a relatively high temperature. Although high
heat transfer rates may be established by intrcduction of
the heating medium at a considerably higher temperature
than the melt point of the fibers, in doing so, the fibers
located near the surface of the web become overheated
and frequently destroyed before the inner ones barely
attain bonding conditions. Conversely, introduction of
the heating medinm at or near the melt point results in
a correspondingly lower heat transfer rate requiring
longer exposure of the web at the elevated temperature;
from the standpoint of economics, the additional time
to achieve the proper degree of bonding is prohibitively
long.

Moreover, in processing nonwoven webs of polypropyl-
ene or other fibers some means must be employed to re-
strain shrinkage in that portion of the web undergoing
treatment. The character of the restraint must not only
te sufficiently low in magnitude so as not to crush the
fibrous structure but it must be applied very uniformly
in a bi-directional manner across the web, otherwise non-
uniform shrinkage of the fibers will cccur resulting in an
inferior and unattractive product. The problem becomes
increasingly troublesoms as larger width webs are pro-
cessed on a continuous basis; in which case, the ability
to place a uniform restraint on the web determines to a
large extent whether the product is commercially saleable.

it is accordingly an object of the invention to provide
an apparatus for uniform heat treatment of wide sheet
materials under closely controlled temperature conditions,

Another cbject of the invention is to provide an ap-
paratus for heat treating a continnous web of material
which is capable of supplying large quantities of heat at
a high rate within a narrow, precisely controlled tem-
perature range near the lower end of the melting point
range of the material.

A further object of the invention is to provide an appara-
tus for heat treating a continuous web of material of
very wide dimensions, under uniformly distributed re-
straining forces during the heat treatment.

A still further object of the invention is to provide
an apparatus for heat treating a continuous web of mate-
rial by uniformly heating the web and rapidly cooling it
after treatment. -

The apparatus of the invention comprises a pressure
vessel having entrance and exit openings and containing
first and second resiraining means each providing aa
endless conveying surface. The endless conveying sur-
faces are positioned adjacent opposite major surfaces of
the sheet material so that the sheet material is caused
to pass, in sandwich fashion, into the entrance opening
through the vessel and out the exit opening. The first
restraining means comprises a substantially imperforate
flexible band, such as a metal belt, which divides the
vessel into two generally fluid tight chambers during its
travel therethrough. On one side of the imperforate belt
is a first chamber through which the sheet material passes;
on the other side is a second fluid tight chamber, Each
chamber is provided with a means for establishing a fluid
under pressure therein, i.e., so that the chambers are sep-
arately pressurized. The flnid in the first chamber is a
heated fluid, the finid in the second chamber may be
heated or unheated. The second restraining means is
perforate so that the heated Auid of the first chamber can
flow therethrough and communicate with the sheet ma-
terial passing through the vessel and effect the desired
treatment, e.g.,, bonding. Additionaily this second re-
straining means also functions as a support such that upon
establishment of a higher fluid pressure in the second
chamber than exisis in the first chamber, the sandwich is
securely held together under restraining forces.

As will be apparent from the illustrated émbodiments
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and the detailed d;sr‘usslon hereinafter, the invention is
susceptible of numercus variations. In one embodiment,
for example, the second 'estraining means which provides
a support during imposition of the restraining forces can
comprise a foraminous rotatable drum provided with. a
perforated endliess band. Alternatively it can comprise
a foraminous platen, either stationary or not and having
either a planar or curved surface, which is also provided
with a perforated endless band.

In a preferred embodiment of the invention, the ap-
paratus utilizes the high heat capacity, excellent heat
transfer and temperature uniformity of a saturated vapor
atmosphere at superatmospheric pressure. Whiie any
saturated vapor atmosphere which does not solvate or
otherwise adversely affect one or more of the constituents
of the sheet material may be used, saturated steam is the
preferred medium because of favorable performance, cost
and availability factors. For convenience in the ensuing
discuosion reference will be frequently made to stcam as

be heated fluid but it will be understood that the remarks
agply equally to other suliable vapor atmoscheres.

By the creation of separate pressurued chambe s, as
described above, with establishment of a pressure fler-
ential between the two, the sheet material passing lthU. gh
the vessel is firmly secured between endless surfaces mov-
ing at essentially the same speed as the sheet material.
As a result, pressure is uniformly applied to the shest
across its surface dimensions and any tendency for it to
undergo a change in area dimensions, e.g. shrinkage, is
minimized. In terms of the uniformity with which the
restraining forces are applied to the sheet, the utilization
of a fluid pressure differential according to the invention
is quite superior to mechanical tensioning devices which.
might appear to be satisfactory for accomplishing such
an effect. This is partlcularly true in the case of wide
webs, for example of 15 feet width or more. The ap-
paratus of the invention possesses still other advantages,
however. Thus it permits a high degree of precision
with respect to temperature control because the heated
fluid supplied to the first chamber quickly permeates the
sheet so as to effect a upniform treatment, for example
bonding, throughout the thickness dimension of the sheet.
The apparatus is also of particular advantage when it is
desired to simultaneously produce a patterned surface
upon the sheet being treated.

Being uniquely adapted to readily provide a closely
controlled temperature throughout the sheet being treated,
the apparatus of the invention is of particular advantage
for still another reason. Thus when utilized to create
bonding sites between thermoplastic fibers in a nonwover
web, it permits rapid attainment of bonding temperatures
while minimizing losses in the fiber identity or changes
in the molecular orientation of the fibers. Ry avoiding
excessive changes in the fibers, tenmsile strength, tear
strength, and other properties of the resultant sheet ma-
terial are kept at a high level.

Because of the above-enumerated advantages, the ap-
paratus of the invention is particularly suitable for pur-
poses of bonding nonwoven webs of crystalline oriented
polypropylene With such webs an operating steam pres-
sure is normally selected in the range of about 38 to 131
p.s.ig. corresponding to a temperature of about 140
180° C., and this can be readily maintained over ccn-
tinuous periods of operation. The apparatus of the in-
vention is also well adapted to effect self-bonding of
nonwoven sheets of film-fibril strand material, e.g. as

escribed in Blades et al. U.S. Patent 3,081,519 issued
March 19, 1963. Coherent, noawoven sheets formed by
the muitidirectional overlapping deposition of such strand
material are described in Belgian Patent 625,998. The
uniform temperature and shrinkage restraining features
of the apparatus of the invention make it possible to
self-bond film-fibril sheets and produce a highly abrasion
resistant surface on the sheet while maintaining a high
level of opacity and uniformity of opacity.
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The aupzuatus of this invention is further described

by reference to the following drawings in which:

1(IURD 1 is a schematic representation of the opera-
tion of apparatus which utilizes a perforated drum.

FIGURE 2 is an elevational view of apparatus whose
operation is sc:lcn‘aumh/ illustrated in FIGURE 1.

i‘;uleE 3 is a perspective view of the apparatus of

FIGURE 2, the cover having been removed and parts
having been broken away and shown in section to reveal
details of constiuction.

FIGURE 4 is a xraomeﬂtary cross section of the ap-
paratus of FIGURE 3 viewed along irregular line 1V-—
v

rrGLRn 51
of Fi CUR

ng
fracmmtmy cross section of the ap-
3 viewed along irregular line V—V
RE 6 is a schematic representation of the steam
ﬁ ow f‘,amre of the apparatus of FIGURE 3.

FIGURE 7 is a fragmentary, cross section, elevational
view of a planar type embodiment of the machine.

FIGURE 8 s a perspective view of the planar type
apparatus of FIGURE 7, parts having been broken away
and shown in section to reveal details of construction.

As shown schematically in FIGURE 1 and in greater
detail in FIGURE 2, the apparatus of this embodiment
comprises a stationary frame having upright supports
1 which are spaced apart and braced at the top by a
cross brace 2 and secured at the bottom to a base 3,
pressure vessel 4 fixedly secured between the supports
and equipped with inlets 15 and 16 for supplying an
atmosphere of fluid, e.g. pressurized saturated steam from
any convenient steam generator source, not shown, into
cach of the generally fluid tight chambers 23 and 24, re-
spectively, a rotatably mounted drum 5 housed in the
vessel 4, pressure seals 6 and 7 situated at entrance and
exit openings, respectively, omn either side of the vessel
4 for passing a web 19 of sheet material therethrough,
upper and lower endless conveying bands § and 9 which
enter and leave vessel 4 in a sandwiched manner through
the respective pressure seals and which pass around the
drum 5 conveying therebetween the sheet material 10
to be treated. The two bands, the sheet material, and the
drum surface all travel at essentially the same speed
through vessel 4. Optionally an addititonal pervious
band, not shown, may be used to carry the sheet material
from a supply source or web laydown operation.

till referring to FIGURES 1 and 2, the upper band 8§

is essentially an impervious endless belt of predetermined
width. Being impervious, band 8 cooperates along ‘its
lateral edges with the walls of vessel 4 to separate that
vessel into a first, in this case lower, generally fluid tight
chamber 24 (which, of course, contains drum 5 and the
length of sheet material 10 being treated) and into a
second or upper generally fluid tight chamber 23. The
endless band 8§ is constructed of a flexible material so
that upon creation of a higher pressure in chamber 23
than is provided in chamber 24, it is uniformly pressed
against the sheet 19 which is supported by perforated
band 8 and foraminous drum 3. In this way the necessary

restraining forces upon the sheet are provided. Band 3
may be prepared from a thin gauge stainless steel sheet
whese ends are butt welded together and ground flush.
Its external surface, that is, the side which lies in adjacent
contacting relationship with the web 19, may be cloth-
faced or otherwise have an embossing pattern therein
for imprinting a similar aesthetic pattern on the heat-
treated preoduct and for facilitating separation of the
product after the treating operation. It should be noted
that-the surface of imperforate band & is not restricted
to a cloth-facing but may have any variety of character-
istics limited only by the desired end product. In addition,
the band 8 may be fabricated of a temperature-resistant
elastomeric material which is suitably reinforced by either
a wire or fabric carcass. For example, a wire screen
belt embedded in an ethylene/propylene elastomer has
been shown to perform satisfactorily. ~The band 8 is suit-

Jeed O
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ably trained over a system of relis comprising an adjust-
able guide roll 21, idler rolls 12 and 13, and a movable
tension rcll 24, Idler rolls 2 and i3 are rotatably jour-
naled at their ends in conventional bearing supports which
are fastened to suitable brackets on the supports 1. If de-
sired, idler roll £3 may be cooled by means, not shown,
to increase the rate of cooling of the sheet material as
it leaves the pressure vessel. ‘

A commercial type sensor 18 mounted on-arm 19 ex-
tending from the frame, engages the edge of the belt 3
and monitors its position relative to the machine {rame
during operation. Belt guide roll 11 is provided with
conventional adjusting means to shift and/or tilf the roll
slightly in either direction along its rotaticnal axis, thus
forcing the belt to track lateraliy. Any lateral deviation
of the belt 8 is detected and translated into a signal which
activates the roll-adjusting means thereby causing the
belt 8 to track laterally in a corrective direction. Once
the belt 8 is adjusted and aligned with the entrance and
exit seals 6 and 7, the sensor i8 is intended to respond
rapidly to relatively minor deviations and initiate cor-
rective action. Any gross laterial shifting could not only
seriously damage the end seals and the belt, but couid
create an open conditicn in the seals and thereby cause
excessive leakage of steam. The bands 8 and 9 as well
as sheet material 1§ are preferabiy of only a slightly
narrower width than the vessel entrance and exit open-
ings.

Tension roll 14 is rotatably journaied in a frame which
is pivotally connected to the frame of the apparatus.
Conventional means are employsd to pivet the reil 14
outwardly thereby causing the band 8 to tighten.

The lower band 9 passes over a roll system which is
functionally identical with the upper band 3 system, hence
it is not described. The lower band 9 is, however, per-
forated t¢ permit the passage of heated fluid from inlet
16, info the drum, and through the perforations 25 of
the drum so that the {iuid can contact the sheet material
during its passage through the vessel. Baad 8 may be
constricted of a heat-resistant material, e.g. an elastomer
which has been vulcanized to a fine wire scresn. The
principal purpose of perforations 17, shown in detail in
FIGURES 4, 5, and 6, is to conirol steam disiribution
into the structure of the sheet material 29 during treat-
ment in the vessel 4, These perforations 17 may be
of circular, rectanguiar or other suifable geometric cross
section and are sized and spaced to facilifate steam dis-
tribution and sealing at the vessel entrance and exit open-
ings. In one embodiment, for example, the holes may
be circular and may range up tc 0.38 in. diameter without
deleterious effects on the surface qualities of the sheet
material 19. Perforations of 0.0%94 in. diameter are highly
satisfactory when provided in sufficient frequency such
that the belt comprises at least 5% open area.

As shown in FIGURE 1, the bands 8 and 9 pass around
the dram 5. Band 8 divides the vessel 4 into an upper
chamber 23 and a lower chamber 24. Steam is supplied
to the upper chamber 23 through an inlet 5 at a slightly
higher pressure than in the lower chamber 24, The dif-
ferential pressure serves as the clamping means which
exerts a uniformly distributed force over the area of the
band 8 communicating with the chamber 23, thereby
pinning it ageinst the relatively inflexible surface of drum
5. The latter thus serves as a support for the bands
and sheet during passage through the vessel 4. In this
way the sheet material 1§ sandwiched between the bands
is firmly clamped across its major dimensions and thus
shrinkage is effectively restrained.

In the preferred embodiment of this invention, a 2
p.s.ig. differential between the chambers provides suffi-
cient restraint on the sheet material I8¢ to avoid undue
shrinkage during the heat treatment. Pressure differen-
tials of up to 10 p.s.i.g. or more may be used if desired.

Drum 5 contains a plurality of openings 25 which con-
nect the interior of the drum with the surface. These
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openings serve as passageways for the steam to enter the
interior of the drum from the lower portion of chamber
24 and also serve as passageways by which the steam
contacts the sheet material 1. It will be understood that
a sufficient number of the drum perforations 25 must
coincide with perforations 17 of band 9 in order to per-
mit pass of steam into sheet material 10.

In the preferred embodiment; as shown in FIGURES
3 and 4, the curved surface of drum 5 is wholly con-
tained within chamber 24. As can be seen from these
figures, the width of sheet 18 is slightly less than that of
bands 8 and 9. The bands are also wider than drum 3.
Because of the flexibility of band 8 and owing to the
greater pressure established in chamber 23, the two bands
directly contact one another at the edges of the sand-
wich, indicated generally as area 2@, in fluid tight en-
gagement. The abuiting bands in area 28 overlap pro-
jection 42 of the side walls of vessel 4. Projection
42 is a U-shaped stationary member that curves
arcund about 180° of the drum surface. A small clear-
ance 21 is provided between the leading edge of projec-
tion 42 and the rim of drum 5. As the drum 5 rotates
with the sandwiched sheet being supported thereon, band
9 slides along the upper surface of projection 42 to form
a fluid tight pressure seal. The provision of a hardened
metal surface portion 22 affixed onto projection 42 as-
sists in prolonging the life of the apparatus.

In alternative embodiment, not shown, the width of
bands & and & can be less than that of the surface of
drum 5. An adequate seal is obtained by causing the
smoothly machined rim of drum 5 to ride in rubbing
contact with the leading edge of projection 42, i.e. clear-
ance 23 is virtually eliminated. iIf desired for this pur-
pose, portion 22 may be spring loaded so as to be se-
curely urged dnto contact with the rim of drum 5 to
thereby accommodate any end-play and reduce wear.

With reference to FIGURES 1, 2 and 3 a pulley, not
showa, is attached to one end of the shaft on which the
drum 5 rotates. This is coupled to an adjustable-speed
electric motor or other power source to rotate the drum
at the desired rate. The drum 5, in turn, serves as the
driving means for recirculating the belts 8 and 9. Auxil-
iary motors or controlled torgue devices, not shown, syn-
chronized with the drum-driving motor may be used to
drive roils 11, 22, 13 and 14, thereby reducing the
amount of power that must be transmitted by the drum
to the bands. -

In the embodiment of this invention described above,
the entrance and exit seals 6 and 7 are structurally and
functienally identical; hence, for the sake of simplifying
the discussion, only one seal arrangement will be de-
scribed in detail.

In FIGURES 3 and 35, the exit seal 7 is shown in de-
tail as comprising three stages of pressure-actuated mem-
bers grouped serially along the long, relatively constricted
passageway 33 formed by an extension of the vessel 4
wall. Since all three stages are structurally identical,
only the innermost stage is described in detail. The ef-
fective widih of the passageway 33 is slightly greater than
the thickness of sheet 19 and bands. Interrupting the
passageway 33, between the chamber 23 and the atmos-
phere, is a generally rectangular groove 34 which extends
the width of the pressure vessel 4. Slidably housed in
the groove 34 is a matching, generally rectangular-shaped
shos 36. The face of the shoe 36 is recessed to accom-
modate a cylindrical roller 37. The shoe is urged toward
the bands by a plurality of spaced compression springs
38 that are housed in groove 34. The shoe fits loosely in
the groove 34 so that steam from chamber 23 may read-
ily flow along the top interface and pressurize the in-
terior of the cavity 3%. As a result there is a pressure
drop from above to belew roller 37. Most of the pin-
ning force exerted by the shoe 36 is derived from the
steam pressure of chamber 23; a smail fraction, however,
is due to springs 38 which serve to augment the pinning
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effect of the steam. The magnitude of the
force regulates the extent of steam seepage
fibrous siructure and -determines the extent

material is preheated and cooled.
described later.

Shoe 3§ is preferably constructed of some low-friction
material, e.g. poiyteirafinoroethylene, to permit the roller
37 to rotate easily in centact with impervious band 8.

Whils the roller-seal is preferred for use on the im-
pervious band 8, it is not quite so suitable for tse on the
opposite side of the band sandwich, i.e. ag
forated band 9, because of the problem of st
Although steam leakage can be minimized by selection of
a suitable design and size for the perforaticns in band
9 and by use of larger rollers or a greater pinning force,
it is preferred to utilize a pressure-actuated shoe in di-
rect contact with the perforated band 9. As shown in
FIGURE 5, the shoe 59 can be a generally rectangular-
shaped, elongated strip which is slidably housed in cav-
ity 5% and spans the width of passageway 33. The shoe
59 is relatively loosely fitted in cavity 33 so that steam
from the chamber 24 may readily flow along the to
interface and pressuiize the interior of cavily 53, FEac
shoe 50 may be mcdified by open grooves 52 and &
which run parallel the length of the member and serve
as steam chambers during operation. All of these grooves
are connected to the interior of the cavity 51 by means
of a network of passages shown generally by the nu-
meral 54. Interposed between the backside of the shoe
50 and the bottom of the cavity 5% are a plurality of
compressicn springs 55. These are spaced at reguiar
intervals and serve to supplement the steam pressure by
furnishing a predetermined minimum force cn shoe 38,
particularly during the early phases of startup opera-
tions when steam pressure is low. As shown in FIGURE
3, grooves 44 may be provided in extension 45 of the
vessel wall 4 to serve as steam flow paths under band 9
adjacent to vessel openings 6 and 7.

Shoe 50 may be constructed from a suitable, non-
corroding tool steel of preferably, from a low-friction
material such as polytetrafiuoroethylene. If desired, a
pressure-activated shoe of the type shown at 59 in FIG-
URE. 5 may also be used in direct contact with impervi-
ous band 8 in place of the rolier-seal 36, 37.

The steam that leaks past the first-stage seal operatzss the
second stage which is, therefore, at a lower pressure.
Likewise, the third stage (outermost seal) operates on the
steam that leaks past the second stage. In situations
where the heating fluid may be other than steam and
whose vapors may be a hazard to operating personnel, it
is necessary to eliminate virtually all leakage to the atmos-
phere. This may be done by simply adding more sealing
stages. For most purposes three stages provide adequate
sealing since the maintenance of a set pressure condition
is the prime requisite and a small loss of steam can
normally be tolerated.

Means for sealing the end gap at the base of U-shaped
members 42 and the ends of the pressure seals comprises
a module containing three spring actuated bars which
abut against the edge of the band sandwich. Referring
to FIGURE 3, the end-seal member is an elongated bar
60 of rectangular cross section which is one of three
that is slidably mounted in a block 61, which block in
turn, is attached to the vessel 4 by conventional threaded
fasteners. Bar 6% may be recessed, as shown in FIGURE
3, to receive the ends of rollers 37 which extend beyond
the edge of the band sandwich. The end face 62 of
bar 68, which contacts the edge of the bands, is a hardened,
non-corrosive tool-steel alloy with long-wear-life proper-
ties. The other end of bar 6§ abuts against a compression
spring 64 that urges the bar 66 against the bands. The
other end of the compression spring 64 abuts against a
threaded sealing collar 65 which slidably supports a slender
push rod 66.. Cne end of the rod 66 is threadedly engaged
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to the bar 6§ while the other end extends externally of
the vessel 4. This rod serves as a convenient means for
manually reiracting the bars 6@ in order to open the end
gap and, thereby, purge any foreign material which may
have become lodged therein after prolonged operation.

In the preferred embodiment, steam in the saturated
condition is used as the heating fluid to exploit the latent
heat of condensation. The pressure in the chamber 24 is
adjusted to maintain the steam in a saturated condition
near the melt point of the fibers, thereby making it a
simple maiter of controlling the bonding temperature very
precisely within a narrow range. For example, in effect-
ing self-bonding of nonwoven polypropylene sheets, the
steam may be maintained within #.1° C. at a pressure
of about 130 p.si.g. Although steam is preferred, it
should again be noted that other condensable fluids can
be used with equal effectiveness.

Condensable fluids, as opposed  to non-condensable
fluids, offer a precise degree of bonding because the fluid
readily permeates the fibrous structures and rapidly re-
eases its: Jatent heat at saturation temperature which is
identical to bonding temperature. With noncondensable
fluids, a suitable temperature differential would be re-
quired for rapid heat transfer. Since chambers 23 and
24 are maintained separate of one another, the same fiuid
need not be used in each. Thus a noncondensable heated
or unheated fluid such as air could be supplied to chamber
23 while steam or other heated condensable fluid is sup-
plied to chamber 24. As shown in FIGURE 6, chamber
24 is situated so as to promote gravity drainage of con-
densate within that chamber. Arrows marked “S” indi-
cate steam entering the web 18. As best shown in FIG-
URE 1, any excess condensate collects at the bottom of
chamber 24 below the drum 5 and is later removed
from there by some suitable means (not shown).

FIGURE 3 has, of course, bezn illustrated showing
only the generally circular end plates and seal containing
portions of vessel 4. In use a thick metal covering is se-
cured over the drum 5 and bands & and 9. Lugs in the
covering may be inserted thru holes 43 in the end plates
and secured by nuis. Suitable conduits in the covering
provide an inlet for steam into chamber 23.

In operation, the sheet material 3¢ may be fed directly
into the nip between bands 8 and 9 or may be trans-
ported on a pervious band from some upstream web lay-
down equipment or from a supply reel and fed into the
nip of the bands 8§ and 9; at which point, the web 10 is
sandwiched therebetween and carried in this manner into
the pressurized vessel 4, As the web 18 is transported into
the chamber 24, it passes through the pressure seal §
whereupon the sandwich arrangement is subjected to light
pinning pressure. The seal allows. only a negligible
amount of steam to leak past along the interfaces of the
bands; however, a laminar flow of steam passes. through
the fibrous structure of the sheet material 10 as shown
by the arrows in FIGURE 6. This purges the air from
the fiber interstices and heats the sheet material at an even
rate as it enters the chamber:

Inside chamber 24 of the vessel 4, the sheet material be-
comes permeated with the saturated steam supplied to
that chamber and is rapidly heated to bonding conditions,
As the sheet material is transported through the vessel
4 between bands 8 and 9, the slight differential pressure
between the chambers acts upon the upper band 8 causing
it to exert a uniform contact pressure against the support-
ing surface of drum 5. This action pins the interposed
sheet material and effectively restrains the fibers from
excessive shrinkage during passage through the vessel.
Upoen entering the pressure seal 7 at the exit end, the
fibers are covered with moisture and are in a heat-softened
state which precludes handling without permanently
damaging the fibrous structure. However, as the sheet
material passes through the seal 7 to the atmosphere, the
sudden decrease in pressure causes the moisture on the
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fibers to flash into steam which exits through the perfor-
ated band 9 thereby tends to rapidiy cool the web 18. As
a result, additional downstream cooling and drying ap-
paratus are not required and the finished sheet material
can be handled almost immediately.

As will be apparent from the drawings, particularly
FIGURE 1, the sheet material to be heat treated is main-
tained in a restrained condition, i.e. between the bands
8 and 9, a short time before it enters and after it leaves
the pressure vessel. The latter is of special significance be-~
cause it ensures that the material has cooled sufficiently
to avoid any shrinkage after the restraint is removed.
Only a very brief period of restraint outside the pressure
vessel is reguired because the condensed vapor on the
sheet material, being at a temperature above the atmos-
pheric boiling point, rapidly vaporizes and exits through
the perforated band, thus removing heat from the sheet
material when the pressure is reduced. to atmospheric.
For most efficient utilization of this effect, it is desirable
that the perforated band be in direct contact with. the
atmosphere after it passes through the exit opening of
the pressure vessel.

Where process conditions involving low steam pressure
and very light uniform contact pressures are dictated, it
may be desirable to isolate completely any clamping
effects on the web arising from belt tensions. Accord-
ingly, in FIGURES 7 and 8, an alternate embodiment
of the invention is shown which fulfills these require-
ments. In these figures, similar reference numerals des-
ignate similar parts referred to in FIGURES 1 through
6. The embediment is different from that shown in FIG-
URE 2, in that a planar support is employed in place of
a rotating drum on which the belt sandwich rests in the
treatment zone. The support may be in the form of a
series of closely spaced parallel rollers or a perforated
moving conveyor but preferably is an inflexible stationary
foraminous platen 79.

Framework 69, suitably attached to walls of vessel 4,
supports the platen 70 so that surface 77 and belt 8 form
a boundary between upper chamber 23 and lower cham-
ber 24. The platen 78 is thus of a fixed location over
which the belt sandwich is adapted to be advanced through
the vessel 4. Means for recirculating the belts § and 9
are provided by rolls 71 and 72, which are coupled to an
adjustable-speed electric motor (not shown). Belt ten-
sioning and tracking are effected by tension rolls 73 and
74 and guide rolls 75 and 76, all of which are equipped
with conventional means for adjustment.

As best shown in FIGURE 8, surface 77 is modified by
an array of open grooves 78 and apertures 79 that convey
steamn from chamber 24 to the belt sandwich in a uni-
formly distributed manner. Although the groove arrange-
ment shown extends generally paralle] with the direction
of belt travel, it will be apparent that any oblique angular
relationship or curvilinear pattern may be established.
Alternatively, steam may be distributed through a pattern
of circular apertures or through a structure composed
of a porous sintered material. The remaining portion
of the surface 77, in rubbing contact with the belt 9, is
treated to reduce the clamping effect of the steam pres-
sure which is converted into frictional and high tensile
forces in the belts. This may be accomplished in a num-
ber of ways such as texturing the surface by either me-
chanical brushing or chemical etching or preferably by
an application of a thin layer of suitable material having
a low coefficient of friction as, for instance, chrome
plate. The surface may also be laminated with certain
organic compositions capable of withstanding elevated
temperatures and having seif-lubricating properties, for
example, polytetrafluoroethylene.

In alternate processes, the apparatus is capable of man-
ufacturing a variety of products having special effects.
For example, a dense highly compressed, parchment-like
material may be produced by increasing the differential
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clamping pressure between the chambers 23 and 24 and
the net pinning force in the pressure seals 6 and 7. A
product having a smooth, glazed finish may be readily
achieved by processing a sheet material in contact with
a smooth-surfaced band. A composite structure may be
made such as fibers bonded to a film base wherein the
film has a higher melting temperature than the fibrous
component. A composite of a nonwoven sheet and film
can also be prepared concurrently while effecting - self-
bonding of the nonwoven sheet. For example, an un-
bonded nonwoven sheet of oriented polypropylene fila-
ments is placed next to the adhesive-coated side of a bi-
axially oriented polypropylene film. Branched poly-
ethylens is a suitable thermoplastic adhesive. The lay-
ered structure is then passed -through the apparatus to
effect simultaneous self-bonding of the nonwoven sheet
and activation of the adhesive coating on the film. The
layered structure can be passed through the apparatus
with either the nonwoven web or the film being in con-
tact with the perforated band. In the former case, the
steam permeates the nonwoven sheet structure as is the
usial operating procedure for the apparatus.. In the lat-
ter case, the steam comtacts only the film since it is im-
pervicns -and the entire steam pressure urges the film
against the fibers. This effectively drives out the en-
trained air in the structure. When' operating in this
manner, it is possible to impart a glazed surface to the
nonwoven web side of the composite by having it in con-
tact with an impervious band having a smooth surface.

Since many different embodiments of the invertion
may be made without departing from the spirit and scope
thereof, it is to be understood that the invention is not
limited except to the extent defined in the following claims.

What is claimed is:

1. Apparatus for heat treating a continuous length of
sheet material comprising structure defining a pressure
vessel having entrance and exit openings, first and second
restraining means each providing an endless conveying
sarface for engaging, respectively, a major surface of
said sheet material and effecting passage thereof in sand-
wich fashion into said entrance opening  through said
vessel and out said exit opening, said first restraining
means comprising a substantially imperforate flexible
band which divides said vessel into a first generally fluid
tight chamber through which the sheet material passes
and a second fluid tight chamber oppositely disposed of
the first, means for establishing a heated fluid under pres-
sure in said first chamber and means for establishing in
said second chamber a fiuid under a greater pressure than
in said first chamber, said second restraining means pro-
viding a support for said sheet material and said imper-
forate fiexible band within said vessel whereby the pres-
sure differential between said chambers imparts restrain-
ing forces to the sheet material passing through said
vessel, said second restraining means further being per-
forate whereby the heated fluid of said first chamber com-
municates with said sheet material in said vessel.

2. Apparatus of claim 1 wherein said second restrain-
ing means comprises a generally inflexible perforate body
portion supporting an endless flexible perforate band
which engages said sheet material within said vessel.

3. Apparatus of claim 2 wherein said generally in-
flexible perforate body portion comprises a rotatable
drom.

4. Apparatus of claim 2 wherein said generally in-
flexible perforate body portion comprises a stationary
platen.

5, Apparatus for heat treating continuous lengths of
sheet material comprising wall means defining a pres-
sure vessel having entrance and exit openings, within
said vessel a supporting means having a generally in-
flexible foraminous surface, first and second endless flex-
ible bands trained to run into said entrance opening
upon the surface of said supporting means and out said
exit opening, means for feeding said sheet material to be
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treated between said bands, said first endless band being
substantially imperforate and cooperating with said wall
means to separate said vessel into a first generally finid
tight chamber containing said supporting means and
through which the sheet material passes and into a second
fluid tight chamber coppositely disposed of the first, and
means for establishing a heated fluid under pressure in
said first chamber and means for establishing a fluid
under pressure in said second chamber, said second end-
less fiexible band further being perforated whereby the
heated fiuid of said first chamber communicates witl said
sheet material.

6. Apparatus of claim 5 wherein the face of said first
-endless flexible band which is in contact with said sheet
material has an embossing pattern therein.

7. Apparatus of claim 3 wherein the face of said first
endless flexible band comprises a smocth surface shest.

8. Apparatus of claim 5 wherein the face of said sup-
porting means comprises a rotatably mounted drum.

9. Apparatus of claim 5 wherein the face of said sup-
porting means comprises a stationary platen.

18. Apparatus for heat treating continuous lengths of
sheet. material comprising structure defining a pressure
vessel having entrance and exit openings, first and second
endless flexible bands for engaging said sheet material
therebetween and effecting passage of said sheet material
in sandwich fashion into said entrance opening through
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said vessel and out said exit opening, said first endless -

‘band being substantially imperforate and, separating said
vessel into a first gemerally fluid tight chamber having
the sheet material disposed therein and a second fiuid
tight chamber oppositely disposed of the first, means for
establishing a heated fluid under pressure in said first
chamber and means for establishing in said second cham-
ber a fluid under a greater pressure than in said first cham-
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ber, and a rotatable drum positioned within said first
chamber and supporting the sandwich of said bands and
sheet material during the major portion of its passage
through said vessel, the surface of said drum and said
second band being perforated whereby heated fluid in said
first chamber can flow into contact with said sheet mate-
rial,

11, Apparatus for heat treating continuous lengths of
sheet material comprising structure defining a pressure
vessel having entrance and exit openings, first and second
endless flexibie bands for engaging said sheet material
therebetween and effecting passage of said sheet material
in sandwich fashion into said entrance opening through
said vesse] and out said exit opening, said first endless
band being substantially imperforate and separating said
vessel into a first generally fluid tight chamber having the
sheet material disposed thersin and a second fluid tight
chamber oppoesitely disposed of the first, means for estab-
lishing a heated fluid under pressure in said first chamber
and means for establishing in said second chamber a fluid
under a greater pressure than in said first chamber, and
a stationary platen positioned within said first chamber
and supporting the sandwich of said bands and sheet
material during the major portion of ifs passage through
said vessel, the surface of said platen and said second
band being perforated whereby heated fluid in said first
chamber can flow into contact with said sheet material.
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