
PATENT SPECIFICATON    11) 1 535 988 (21) Application No. 36637/76    (22)
Filed 3 Sept. 1976 (31) Convention Application No. 610899 32) Filed 5 Sept.
1975 in (33) United States of America (US) (44) Complete Specification
published 13 Dec. 1978 (51) INT CL2  D04H 1/48 1/54 (52) Index at
acceptance DIR    3B1 3C2B 3C2C 3C2G 3C2Y 3DIB 3D2B 3D3C 3D3E 3D3F 3D3J
(72) Inventors LOUIS. PLATT MARVIN WISHMAN DAVID R. GENTRY and JAKE E.
WILLIAMS (54) METHOD AND APPARATUS FOR PRODUCING NON-WOVEN FABRICS (71)
We, PHILLIPS  PETROLEUM   carpets for use in areas exposed to moisture,
COMPANY, a corporation organised and  such as patios and other outdoor
areas.       45 existing under the laws of the - State of  Nonwoven fabrics
are being used in many Delaware, United  States of America, of other areas
as. well. For example, nonwoven 5  Bartlesville, Oklahoma, United. States
of. fabrics both fused. and unfused are used as America, do hereby declare
the invention  substrates in  the  production  of various for which we pray
that a patent may be  laminates and as ticking material in the   50 granted
to us, and the method by which it  furniture industry. Although. nonwovens
are is to be performed, to be. particularly des-  useful in  a  variety  of
applications  as 10  cribed in and by the following statement:-  indicated
above, nonwoven fabrics can still The invention  relates to  a nonwoven  be
substantially  improved  especially with fabric, a method for fusing a
nonwoven batt, regard to their diamensional stability, strength  55 and a
method and apparatus for producing  and methods  of  fusing  the  nonwoven
a nonwoven fabric.                        fabric According to the invention
a novel non- 15    In the last twenty-five years or so the  woven fabric is
produced by forming a batt development of polymeric materials has seen
comprising fibers oriented primarily in the  60 a tremendous growth..
Polymeric materials  fill direction, drafting the batt.in the warp lend
themselves to . vast number of uses   direction in  a first warp-drafting
zone, and applications. One of the more significant  needling  the  drafted
batt, drafting  the 20  areas in which polymeric materials have  needled
batt in the warp direction in a been used is in the textile industry. The
second warp-drafting zone, and drafting the  65 melt spinning  of
thermoplastic synthetic  warp  drafted, needled, batt in  the. fill
materials to produce continuous filaments,  direction in a fill-drafting
zone. staple and yarns of such materials has    Further according  to  the
invention, 25  revolutionized the textile industry.       apparatus is
provided suitable for the. pro- Although much of the growth in the use
duction of the novel fabric comprising in  70 of synthetic filaments has
been. in the use of  combination, means for forming a batt of knitted or
woven fabrics, nonwoven materials  fibers, carrier means for receiving the
batt of synthetic filaments also have experienced   from the forming means
and transporting the 30  substantial growth, There are a number of  batt of
fibers, first warp-drafting means for methods known today for producing
non-  receiving the batt of fibers from the carrier  75 woven fabrics from
synthetic. filaments and. means and drafting the batt in the warp mixtures
of natural and synthetic filaments.  direction, needling means for needling
the Nonwoven fabrics find a variety of uses.. A  drafted  batt  second
warp-drafting 35  specific area in which nonwoven fabrics have  means for
drafting the 'needled batt in the gained  substantial acceptance  is in
the. warp direction and fill-drafting means for  80 manufacture of carpets,
particularly as the  drafting.the needled warp-drafted batt in the primary
and/or secondary backing material  fill direction. Since nonwoven fabrics
made of synthetic   To  further describe the. invention  the 40  fibers
resist deterioration caused by mildew  attached drawing is provided in
which: much better than jute, the. maerial  generally    Figure 1 is a top
view of the schematic  85 used, carpets made using synthetic nonwoven
representation of an  embodiment of the fabrics as the backing material are
t   apparatus of the invention;    Figure 2  is an elevational view of the
As used throughout the  spedfication and 



apparatus of.Figure 1;                      claims, the term fill
direction" means the Figure 3 is a photograph  of a freshly  direction
transverse to the direction of the cut edge at Ox  ma    cation of a non-
bait on floor apron 38. The term  "warp 5   woven fabric fused on
sides produced  direction" means the direction. parallel to  70' in
acordance with the prior art;           the direction the batt moves on
floor apro Figure 4 is a photo  ph of a freshly  38. cut, edge' at 200x  ma
cation of a- non-    A first warp-drafting: means 40, compris- woven fabric
fused on  ing  only  nd   ing at least two sets of nip  olls. or an inlet
10  produced in accordance  with the apparatus  apron 42 and one set of nip
rolls 44, is  75 of Figures. 1 and 2; and                    used to draft
batt 36. As used .herein the Figure 5 is' an explodd view  at 700x   terms
stretching, drawing  and drafting are magnification of the central portion
of the  synonymous. In Figures 1 and 2 the first fabric shown in Figure 4
indicated therein. warp-drafting mans comprises five sets -of 15    The
apparatus of the invention is more  nip rolls '44,. 46, 48, 50-and 52 and
inlet  80 fully understood by. referr   to the drawings  apron -42 and
outlet apron 54. Each set. of and in particular Figures 1 and 2 wherein
nip roll is shown as a one-over-two con- the embodiment of the  apparatus
shows a  figuration, which works very well, but almost batt-forming  means
comprising  two  web-  any arrangement can be used, such as a one- 20
forming trans A and A'  which feed means  over-one, two-over-one, etc., as
well. as  85 10,10' such as bale: b   ers, bender boxes,  mixture of nip
roll configurations. The warp- feed boxes, etc., feed fibers in the form
of  drafted batt 56 then is passed to needle loom staple, such  as
polyprepylene staple, to  58 wherein the bait is needled at a density
breaker  carding machines 12,12'.  The    in the range of 100 to 1000
punches per 25  carding :machlites 12,1   produce  carded  square inch
and.at a penetration in the range  90 webs 14,14' of fibers which are
picked up   of from about 14 inch to about 3/4 inch. by the takeoff aprons
1616' of. clappers    One or more needle looms can be used. The 20,20'.
Crosslappers 20,20' also comprise needle looms can be either single 'needle
lapper aprons 18,18' whi  traverse a carrier     board or a doble needle
board looms. 30  means,uch as intermediate aprons 22,22'          The
warp-drafted, needled  batt 60  is  95 in a reciprocating motion laying the
webs   again drafted in the warp direction by a 14,14 to form intermediate
batts 24,24 on  second warp-drafting  means 62 comprising the intermediate
aprons 22,22'.The inter-  at least. two sets of nip rolls 64 and 66 mediate
butts 24,24' ar passed to finisher  or an inlet apron and one set of nip
rolls 35   carding  machines 26,2' by  intermediate  (not shown). The
needled batt 68 which was 100 aprons  22,22'. Carding machines 26,26'
drafted in the warp direction both before produce carded webs 28,28' which
are picked  and after needling is passed over roll 70 up by takeu  aprons
30,30' of crosslappers  to the fillng   means, such as tenter 34,34'.
Crosslappers 3 ,34' also comprise  frame 72. As shown clearly in Figure .2,
40  lapper aprons 32,32' which form a batt of       tenter fraine 72
comprises the fill-        105 fibers 36 as the lapper aprons 32,32'
traverse  section 74 and the tensioning section 76. floor apron 38.
Tensioning secin 76 is not used to draft The :carded webs 28,28' are laid
on floor  the batt, but to' subject the batt to tension apron 38 to build
up   veral thicknesses to  in the fill direction. 45   produce batt 36.- It
is' inted out that -only  The fill-drafted batt can be fused using  110 a
means for forming a batt with the fibers  infrared radiation while the batt
is subjected oriented primarily in   e fill direction is  to tension in the
fill direction. Infrared essential to practice the invention which can
heaters 80 and 82 are shown in Figure 2 be accomplished by an  suitable
means. As  positioned adjacent to and on opposite sides 50   an example,
only one  eed means, carding  of unfused fabric 78. Either or both heaters
115 machine, and crosslappe   actually         can    useddepending on the
fusion desired. to form a batt. The use -of two carding  It is understood
that' the -present invention machines such as a breaker carding machine  is
not: limited to a fused product and a and a finisher carding machine and
associated  commercial grade unfused fabric is produced 55   aprons' and
crosslappers are not essential to  by the invention  by  not employing  the
120 practice  the invention.  The use of two  infrared heaters 80 and 82.
Thus the unfused carding machines tends to open up the fibers  product is
rolled up subsequent to filldrafting better to form  a more uniform web and
to  section 74. provide some randomization of the staple    Also it is
understood that a fused fabric 60  fibers forming the webs which form the
batt;  is produced according to the invention by. 125 however,, the fibers
of batt 36 are  still  employing various other fusion means, such primarily
oriented in the fill direction. Two  as' hot rolls, a hot fluid chamber and
the web-forming trains A and A' or more are  like. It is preferred to fuse
the fabric sub- used to increase the speed of the overall  jected to
tension in the fill direction because 65   operation, and thus are
'optional.          a fabric produced in this manner has much 130 



3 improved strength and dimensional stability,  a more uniform  fabric than
utilization of Although other means can be used, it is  fewer sets of nip
rolls- with higher draft preferred to fuse the fabric using infrared
ratios; however, at some point additional sets radiation because the depth
of fusion can   of nip rolls with reduced draft ratios between 5   be
controlled and the integrity of the fibers'  each set of nip rolls wil not
improve the   70 ross section is maintained. If a hot fluid  product. In
addition, there is a maximum chamber is used as 'the fusion means, the
speed at which the batt at a given 'weight depth of fusion is very
difficult to  control,  can be produced due to the limitations  of the if
not impossible, and the equipment needed   batt-forming equipment. Thus, as
in almost 10   to simultaneously subject the unfused batt to  any process,
the most economical operation   75 tension in the fill direction and the
hot  requires  consideration  of  a  number  of fluid would be relatively
expensive. If hot  variables, and in  particular the various  para- rolls
are used to fuse  the batt, the batt is. meters  of  the  material
processed.  For primarily fused on the surface with little  example, some
of 'the variables of the pro- 15   or no depth control, and the fibers. on
or  cessed material which  affect the drafting   80 near the surface are
flattened, destroying the  process are staple polymer, staple length and
fibers' cross section and thus weaking the   denier, staple finsh, degre
of crimp, weight ultimate fabric by weakening the fibers.      of the batt,
etc. Generally from  about 2 to The fused or unfused fabric 84 is normally
about 6 sets of nip rolls are utilized with 20   passed to  a suitable
surge means:. such as  an overall draft ratio ranging from about  85 J' box
96 and' rolls 86, 88, 90, 92 and  1.01 to about 4 and a maximum draft ratio
94. From  the surge means the fabric is  between sets of nip rolls of 2. A
very good passed  to  a windup  means 110  over a   product is produced
utilizing from  about 3 plurality of rolls, surge and idler.rolls, 98,  to
5 sets of nip rolls with an overall draft 25   100, 102, 104, 106 and 108.
ratio ranging from  about 1.2 to 1.8 and a   90 As  shown  in  the
drawing, synthetic  maximum  draft ratio between sets of nip thermoplastic
fibers in the form of 'staple are  rolls of 1.3. passed to carding machines
12,12' to produce  The warp-drafted batt 56 is then passed carded webs
14,14'. The carded webs 1,4,14'  to  needle loom  58 wherein  the batt is
30   are picked up by takeoff aprons 16,16' of  needled to make a more
coherent materia As  95 crosslappers 20,20'. Lapper aprons 18,18'  stated
above, one or more needle looms can lay the carded webs on intermediate
aprons  be used and- in addition each needle loom 22,22' to  produce an
Intermediate  batt  can be a double  board needle loom. It -is 24,24' which
is passed to cardingmachines  noted  that the batt will experience some 35
26,26 to produce carded webs 28,28'. The  drafing as it asses through the
needle loom   100 carded webs 28,28' are picked up. by takeoff  which must
be taken into consideration in aprons 30,30' of crosslappers 34,34' and
determining the operating speeds of equip- these carded webs 28,28' are
laid on 'floor  ment positioned subsequent' to the needle apron 38 by
lapper aprons 32,32' to pro-  loom. It is not uncommon to experience 40
duce a batt 36. The number of webs used   drafting to a ratio in the range
of from  105 to form batt 36 depends upon a number' of  about 1.3 to about
2, employing one single variables, such as the desired weight of the  board
needle loom  or one double board batt, the weight of the. webs, the amount
needle loom. The larger drafting ratios in the batt is drafted during the
process, etc.  the above range are normally txperienced 45   The batt 36 is
then drafted in the warp  using a double needle board loom.
110 direction by suitable means, such as the five    The warp-drafted,
needle -batt is again sets of nip rolls 44, 46, 48, 50 and 52.  drafted in
the warp direction in a second When using nip rolls to practice the inven-
warpdrafting means 62, such as employing tion, only two sets of nip rolls
actually are  nip rolls '64 and 66, and operating the speed 50  required to
draft the batt; however, the use  of nip rolls 66 at a slightly higher
speed than  115 of more than two sets of nip rolls, such as  nip rolls 64.
The draft ratio employed in the five nip rolls shown, provides a more the
second warp-drafting zone is also selected uniform drafting since between
any set of depending  upon  the  material  processed. nip rolls a smaller
drafting' ratio can be  Generally the draft ratio in the second warp- 55
used and  still obtain the overall desied  drifting zone ranges from about
1.01 to about 120 drafting ratio. In addition, the batt is fre-  2. A  good
product is produced utilizing a quenatly drafted between the nip formed by
draft ratio ranging from about 1.3 to about the feed apron and the first
set of nip rolls  1.5. 44. The batt 36 is drafted because each set:
Needled batt 68 which has been drafted 60   of nip rolls is operated at a
successively in the warp direction both before and after 125 



higher speed than the speed of the pre-   needling is then passed to a
fill-drafting zone, ceding  inlet apron  or set of mip rolls.  indicated by
tenter frame which drafts the Generally it has    nfound that utilization
butt in the fill direction  through the use of of more sets of nip rolls
and smaller draft diverging tracks 73 which graps the fabric 65   ratios
betweenach set of nip rolls produces  at the inlet and draft these fabric
as the  130    4            1,535,988
4 tracks slowly diverge from  one another.The  needling the batt and fusing
the needled batt fill-drafting ratio depends upon  a number  on both sides
with heated rolls shows both of variables, such as steal  length, denier,
the  flattened  cross-section  of fibers  with batt weight, needle densi y,
etc. Generally  originally a round crosssection and also that 5   the
fill-drafting ratio ranges from about 1.01  essentially the fibers on:the
surface of the  70 to about 1.5. A  fill-drafting  ratio ranging  batt are
fused.- from  about 1.1 to  abo   1.3. produces. a    A fabric produced in
accordance with. good product. Tenter  frame 72 also contains  invention
shown in Figurs 1 and 2 and fused a tensioning zone 76 w h applies tension
on  one  side  by  infrared  radiation  in 10   to  the fabric or the   78
accordance with it another  aspect  of 'the   75 while the fabric is
subjected to some form  invention is shown in Figures 4 and 5. It of fusion
to  fuse the staple filaments of  is readily apparent that the integrity of
the the fabric together such as infraredradia-  round fiber cross-section
is maintained -and tion.  As noted, above,    broad invention  that fusion
occurs all the way through the 15    contemplates the produ   of an  that
fusion occurs all way htohut thefabric, even though only one side of the
80 as well as a fused fbc. Thus one can  batt was  subjected . to  infrared
radiation. practice the. present in   tion even though  Figure 5  in
particular shows the excellent the fill-drafted fabric 78    not fused.
fiber-to-fiber bonding. through   use of After the fabric passethe
fill-tensioning  infrared radiation. The depth of fusion is 20   zone 76 of
tenter frame    the fabric 84 is  controlled by controlling the speed of
the   85 passed. to a surge zone such as."J'  box 96  fabric, the distane
of the infrared source over a plurality of rolls   d onto a takeup  from
the fabric and the temperature of the zone indicated by takeup means 110.
.   infrared source. . Various synthetic thermoplastic staple can    In
-some applications it is desirable. to use 25    be used in accordance   th
the present in-  a fabric which is completely fused, that is,  90 vention.
For examplle,  pollyolefint .such  as  a fabric in.which ffused fibers are
-found all polypropylene, polyesters such as polyenthylene the way through
the fabric In addition, it is terephthalate,  polyamid    such. as  poly-
often desirable that such a fused fabric have caprolactam,  and         res
thereof- are  a nap surface. An example of where a fully 30    suitable.
Particularly good results have been  fused fabnc.having a nap surface is.
useful   95 obtained  employing  polypropylene  staple. is in: the
production of a vinyl laminate. The Also it is possible. to use mixtures of
natural nap surface provides a far superior surface. and synthetic fibers
in accordance with the  for bonding.:ith the vinyl film  to produce present
invention.                           a laminate than does a. smooth
surface. The 35      The synthetic staple  uitable for use in  fuly fused
fabric has improved strength and  100 applicant's invention  can be
selected from   dimensional  stability  as compared  to  a staple having a
length r  ging from  1-1/2 to  partially fused fabric and by using infrared
about 10 inches. Good results have been  radiation on only one side to fuse
the fabric, obtained employing a. s pe length ranging  the depth of fusion
can be controlled to fully 40    from  about -2-1/2 inches to about. 4
inches.  penetrate the fabric andstill provide a nap  105 Staple denier can
be selected from  a wide  surface on the side .of the fabric opposite range
of deniers. Norma   the denier ranges  the infrared heater. Only the
present inven- from  about 1 to about   ; however deniers  tion of using
infrared radiation to fuse a ranging from about 1.5 to about 8 are more
nonwoven batt produces a fully fused fabric 45    common.               -
with a nap surface. It is very difficult at  110 An important advant ge,.
of the present  best to. obtain.a fully fused fabric using invention is in
the reduction of the traversal  two heated. roll because the center of the
rate or speed of the lapper apron without  fabric generally does not fuse,
as shown in a  corresponding  decre    in  production.  Figure 3. Of
course, subjecting both surfaces 50.  Also in the production of very light
fabrics,  of the fabric toa heated roll does not pro-  115 web weights can
be maintained sufficiently  duce a fabric having a. nap surface.. A hot
high so as to preclude        problems en-  fluid chamber normally
fuses.,both surfaces countered with some pri  art processes.     of the
fabric; thus only the present invention One of the more c    on techniques
for  productd a fully fused  fabric with' a nap 55 fusing a nonwoven batt
of synthetic fibers  surface. ..
120 



is to pass the batt over  ne or more heated      Quartz heaters and
foil-strip heaters have rolls which essentially fues the fibers on the
been used. as the infrared radiation -source in surface of the batt whi  is
in contact with  accordance with the present invention; how- the heated
roll or rolls. This type of fusion  ever, the present invention is not
limited 60   causes the fibers on. the surface of the batt  by. the
particular so urce-used to subject the  125 to flatten the fibers and thus
deform' the  fabric. to the infrared radiation. At the pre- cross-section-
of the fibers due to the tem-  sent time it appears  that the  foil-strip
perature and pressure to which the fibers  heaters are preferred because
they provide are subjected. In Figure 3 the fabric pro-  better control of
the fusion process. 65   duced  by -lapping  webs  to  form  a batt,    In
general, fabrics with a variety of widths  130    5
1,535,988 can be produced in accordance with the pre-  lapping  webs on  an
apron  which  was   20 sent invention; however, the invention is  covered
with warp threads to form a batt, particularly applicable for the
production of  needling the batt and fusing the needled batt wide, nonwoven
fabrics, that is, fabrics having  on one side using a heated roll. 5  .a
width ranging from  about 108 to 230       Control. II fabric, was produced
by cross- nches. Usually the fabrics weigh at least  lapping webs to form a
batt as in the pro-   25 from about 1/2 ounce per square yard.
duction of the Control I fabric but without the use of warp threads,
drafting the batt EXAMPLE                     in the warp direction,
needling the warp- Three  different nonwoven  fabrics were  drafted batt,
and fusing the needled batt on 10  produced to demonstrate the improved
fabric  one side using a heated roll.                30 of the present
invention. Two of the fabrics    The inventive fabric was. produced  in
were produced by processes known in the  accordance with the. process and
apparatus art and labeled Control I and Control II.  of the invention as
shown in Figures 1 and: The third fabric was produced in accordance  2. No
warp threads were used. The fabric 15  with  the invention and labeled
Inventive  was fused by subjecting the batt to infrared   35 Fabric. All
three fabrics were made using  radiation on one side of the fabric while
the polypropylene staple having a length of 4  fabric was under tension in
the fill direction. inches and a denier of 3.    .  .           A
comparison of the properties of the fabrics Control I fabric was produced
by cross-  is shown in Table I below: 40                .            .
TABLE I Inventive Control I     Control II     Fabric Wt. oz/yd'
3.3                     3.26         3.19 Tear Strength [err] lbs. 45
Warp                                   16.7          27.           26 Fill
23.0          22.8           37.7 Breaking Strength [err] Warp
45            63             66 Fill                                  76
65             95.3 50        Elongation(   5 Lbs., % Warp
.6.6         . 11.0          :3.1 Filll
2.0          24.2            1.8 Elongation [err] Warp
52.6          45.2      .   28.9 55          Fill
15.9          80.3          12.1 Ultimate Elongation [err], % Warp
110.4         100.8           55. Fill                                80.9
133.6           62.9 Tear Strength [err] 60          Warp
17.7          29            28.5 Fill                24.4
24.5          41.4 Breaking Strength [err] Warp
47.7          67.6           72.4 Fill
.:80.6         69.8          104.6 65       (a) ASTM  D. 2261-64T       .
in the warp direction were approximately b) ASTM. D 1682-64
the same with the exception of the elonga- (c) ASTM  D 1682-64
tion values which were. much better for the (d) ASTM  D 1682-64 (e) ASTM  D
1682-64                     Invention  Fabric. The  properties  of the  85 



Inventive Fabric in the fill direction as com- 70       (f) Calculated from
tear strength data    pared to those of the. Control II fabric were (g)
Calculated from  breaking strength   superior in all area& The fact that
the pro- data                                         perties of the
Inventive Fabric were equal The data show  that the properties of  to or
greater than the properties of the   90 Inventive Fabric in both the warp.
..and fill  Control II fabric in the warp direction was 75  directions are
superior to the properties of  surprising because the processes are the
same the Control I fabric in all aspects. The   up to the second
warp-drafting step of the properties of the Inventive Fabric as com-
inventive process and one would expect that pared to those of the fabric of
the Control  if the properties of the fabric were improved   95 II process
also indicate the superiority of  in the fill direction, the properties of
the 80  the Invention Fabric. The properties of the  fabric in the warp
direction would suffer to Inventive Fabric and the Control II fabric  some.
extent. It is also surprising that the    1,535,988.
6 elongation values in both the warp and fill  zone from 3-5 sets of nip
rolls operating at  65 directions were much bea  in the Inventive  an
overall draft ratio in the range 1.2:1 to Fabric as compared to the Control
II Fabric  1.8:1 with a maximum  draft ratio between since one would
normally  ticipate that only  successive sets of nip rolls of 1.3:1. 5. the
-elongation values in the fill direction  8. A  method according to any one
of would show an improve    t because of the  claims 1-7, wherein -the batt
is drafted ii   70 similarity  of' the  procees.  Clearly  the  the warp
direction in said  second warp second  warp-drafting- step and the  fill-
drafting zone at a draft ratio in the range drafting   step   provide   an
unexpected  1.01:1 to 2:1. 10  improvement in the properties of the fabric
9. A method according to claim 8, wherein in both the warp and  fill
direction as corm-  the draft 'ratio in said second warp-drafting   75
pared to a fabric prod       by a' process  zone is in the range 1.3:1 to
1.5:1. identical to the inventive process except for    10. A  method-
according' to any one of the  second  warp-drafting step,  the  fill-
claims' 1-, wherein the batt is fill drafted 15  drafting step and thefushi
method.          in said fill-drafting zone at a: draft ratio The
improvement in  longation  of the  in the range 1.01: 1 to 1.5:1.
80 Inventive Fabric in both    -warp and 'fill   11. A  method  according
to  claim  10, directions.  substantially   improves  the  wherein 'the
batt is fill drafted 'in said -fill- dimensional stability of the nonwoven
fabric  drafting zone at a draft ratio  i the range 20  which  is
especially important where  the   1.01:1 to. 1.5:1. fabric is used as a
carpe backing material.    12. A  method according to any one of  85 In
addition to the impro ed elongation and  'claims 1-11, wherein, in step c,
the batt is strength properties of the Inventive Fabric,  needld at a
density of from  100 to 1000 the fabric displayed a masked improvement
punches per square inch and to a depth of 25  in fabric uniformity and. had
an improved  from 1/4 to 3/4 inch. tuft bind in carpet appli ations.
13. A  method according to any one of  90 claims 1-12, wherein the' batt is
formed WHAT WE CLAIM  IS:-   -                       from synthetic staple
having a staple length 1. A method for the production of a non-  of from
[err] to 4 inches. woven fabric comprising, in sequence, the    14. A
method according to any one of 30   steps of:
claims 1-13, wherein the batt' is formed   95 (a) forming  an  oriented
batt of fibers  from synthetic staple having a denier of from oriented in
the fill direction;           1.5 to 8. (b) drafting said batt in the warp
direction  15. A method according to any one of in a first warp-drafting
zone;           claims 1-14, wherein the batt is formed 35     (c) needling
the drafted batt;              from   polyolefin,  polyester  or  polyamide
100 (d) drafting the needled batt in the warp  staple. direction  in  a
second  warp-drafting     16. A  method  according to zone; and
wherein  the batt is formed  from  poly- (e) drafting the w         ,
needled batt  propylene staple. 40      in the fill direction in a fill
drafting    17. A method according to claim 1, sub- 105 zone.
stantially  as  hereinbefore  described  with 2. A method according   claim
1, wherein  reference to Figures I and 2 of the accom- the oriented batt is
fo   d by crosslapping   panying drawings.           - webs.
18. A method according to claim  1, sub- 45     3. A method according to
claim  1 or 2,  stantially as hereinbefore described in the  110 wherein
the fabric is fused on at least one  foregoing Example. 



side subsequent to drafting the batt in the        19. Non-woven fabric,
when made by a fill direction.                             method claimed
in any one of' the preceding 4. A method according o claim 3, wherein
claims. 50  the fabric is fused by exposing the batt on-    20. Apparatus
for carrying out a method  115 at least one side to infrated radiation.
according to claim  1,  comprsing   : 5. A method according to claim 4,
wherein    i) means for forming a batt of fibers said batt is exposed to
sai infrared radiation   orientated in the fill direction; whilst under
tension -in   e fill- direction.   ii) carrier means for receiving said
batt 55     6. -A  method according to any one of          from  said
forming means and trans-  120 claims 1-5, wherein the batt is 'drafted in
porting said batt of fibers to a warp- the  warp  direction  in  said   rst
warp-       drafting means; drafting zone by passin  the batt through
iii) first warp-drafting means for receiving at least two sets of nip rolls
operating at an     said batt of fibers from said  carrier 60  overall
draft ratio in     range 1.01':1  to       means and drafting said batt in
the  125 4:1  with a maximum       ft ratio between        warp direction;
successive sets of nip rolls of 2:1.            iv) needling means for
needling said warp- 7. A method according to claim 6, wherein
drafted batt there are used in said first warp-drafting     v) second
warp-drafting means for drafting    1,535,988                             .
6 elongation values in both the warp and fill  zone from 3-5 sets of nip
rolls operating at  65 directions were much better in the Inventive  an
overall draft ratio in the range 1.2:1 to Fabric as compared to the Control
II Fabric  1.8:1 with a maximum  draft ratio between since one would
normally anticipate that only  successive sets of nip rolls of 1.3:1. 5
the elongation values in the fill direction    8. A  method according to
any one of would show an improvement because of the  claims 1-7, wherein
the batt is drafted in  70 similarity  of the  processes.  Clearly  the
the warp direction in said second warp second  warp-drafting  step  and
the  fill-  drafting zone at a draft ratio in the range drafting   step
provide   an  - unexpected  1.01:1 to 2:1. 10  improvement in the
properties of the fabric    9. A method according to claim 8, wherein in
both the warp and fill directions as corm-  the draft ratio in said second
warp-drafting   75 pared to a fabric produced by a process  zone is in the
range 1.3:1 to 1.5:1. identical to the inventive process except for    10.
A method according to any one of the  second  warp-drafting  step, the
fill-  claims 1-9, wherein the batt is fill drafted 15  drafting step and
the fushion method.        in said fill-drafting zone at a draft ratio The
improvement in elongation  of the  in the range 1.01:1 to 1.5:1.
-.    80 Inventive Fabric in both the warp and fill    11. A  method
according to claim  10, directions   substantially   improves   the
wherein the batt is fill drafted in said fill- dimensional stability of the
nonwoven fabric  drafting zone at a draft ratio in the range 20  which  is
especially  important where  the   1.01:1 to 1.5:1. fabric is used as a
carpet backing material.    12. A method according to any one of  85 In
addition to the improved elongation and   claims 1-11, wherein, in step c,
the batt is strength properties of the Inventive Fabric,  needled at a
density of from  100 to 1000 the fabric displayed a marked improvement
punches per square inch and to a depth of 25  in fabric uniformity and had
an improved  from 1/4 to 3/4 inch. tuft bind in carpet applications.
13. A method according to any one of  .90 claims 1-12, wherein the' batt is
formed WHAT WE CLAIM  IS: -                     from synthetic staple
having a staple length 1. A method for the production of a non-  of from 2j
to 4 inches. woven fabric comprising, in sequence, the      14. A  method
according to any one of 30   steps of:
claims 1-13, wherein the batt is formed  95 (a) forming an  oriented batt
of fibers  from synthetic staple having a denier of from oriented in the
fill direction;         1.5 to 8. (b) drafting said batt in the warp
direction  15. A  method according to any one of in a first warp-drafting
zone;          claims 1-14, wherein the batt is formed 35     (c) needling
the drafted batt;             from   polyolefin,  polyester  or  polyamide
100 (d) drafting the needled batt in the warp  staple. direction  in  a
second  warp-drafting   16. A  method according to claim  15, zone; and
wherein  the batt is formed  from  poly- (e) drafting the warp-drafted,
needled batt   propylene staple. 40       in the fill direction in a fill
drafting   17. A method according to claim  1, sub- 105 zone.
stantially  as  hereinbefore  described  with 



2. A method according to claim 1, wherein  reference to Figures 1 and 2 of
the accom- the oriented batt is formed by crosslapping   panying drawings.
webs.                                          18. A method according to
claim  1, sub- 45     3. A method according to claim  1 or 2,  stantially
as hereinbefore described in the 110 wherein the fabric is fused on at
least one  foregoing Example. side subsequent to drafting the batt in the
19. Non-woven fabric, when made by a fill direction.
method claimed in any one of the preceding 4. A method according to claim
3, wherein    aims. 50  the fabric is fused by exposing the batt on     20.
Apparatus for carrying out a method  115 at least one side to infrared
radiation.     according to claim 1, comprising 5. A method according to
claim 4, wherein    i) means for forming a batt of fibers said batt is
exposed to said infrared radiation  orientated in the fill direction;
whilst under tension in the fill direction.    ii) carrier means for
receiving said batt 55     6. A  method according to any one of
from  said forming means and trans- 120 claims 1-5, wherein the batt is
drafted in       porting said batt of fibers to a warp- the  warp
direction  in  said  first warp-      drafting means; drafting zone by
passing the batt through      iii) first warp-drafting means for receiving
at least two sets of nip rolls operating at an    said batt of fibers from
said carrier 60  overall draft ratio in the range 1.01:1 to        means
and drafting said batt in the 125 4:1  with a maximum  draft ratio between
warp direction; successive sets of nip rolls of 2:1.           iv) needling
means for needling said warp- 7. A method according to claim 6, wherein
drafted batt; there are used in said first warp-drafting     v) second
warp-drafting means for drafting    7
1,535,988 said needled batt in. the warp direction;  drafting  means  vi)
comprises  a  tenter and                                     frame. vi)
fill-drafting  means for drafting . the  25. An apparatus according to any
one of  30 needled, warp-drafted batt in. the fill  claims 20-23, wherein
the  batt-forming 5       direction.                              mean i)
comprises two batt-forming trains, 21. An apparatus according to claim  20
each train comprising a feed box, a first and including a heater for
fusing: the fill-drafted  a second carding machine, a carding apron batt
upon issue from the fill-drafting means.  and a first and a second
crosslapper, wherein   35 22. An apparatus according to claim  21,  the
carrier means ii) comprises a floor 10   wherein said heater is an infrared
heater.  apron, wherein the first warp-drafng means iii) comprises an inlet
apron and from  3 23. An. apparatus according to claim 21  to 5 sets of nip
rolls, wherein the needling or 22 including means for maintaining the means
iv) comprises two single needle board   40 batt under tension in the fill
direction whilst  looms or one double needle board loom, exposed to said
heater.                     wherein the second warp-drafting means v) 15
24. An apparatus according to any one. .of  comprises two sets of nip
rolls, and wherein claims  20-23  wherein  the  batt-forming  the
fill-drafting means vi) comprises a tenter means i) comprises in sequence a
feed box,  frame.                                        45 a  carding
machine  and  a. cross-lapper,    26. An apparatus according to claim  20,
wherein the carrier means ii) comprises a. substantially as hereinbefore
described with 20  floor apron which receives the carded web  reference to
Figures 1 and 2, of the accom- from  the  crosslapper, wherein  the  first
panying drawings. warp-drafting means iii) comprises an inlet apron and at
least one set of nip rolls,                For the Applicants, wherein the
needling means iv) comprises at             D. YOUNG & CO., 25  least one
needle loom, wherein the second              Chartered Patent Agents,
warp-drafting means v) comprises at least                9 & 10 Staple Inn,
two sets of nip rolls, and wherein the fill-            London, WC1V 7RD.
Printed for Her Majesty's Stationery Office, by the Courier Press,
Leamington Spa 1978 Published by The Patent Office, 25 Southampton
Buildings, London, WC2A IAY, from which copies may be obtained.    


