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TITLE .
Thermoformable COmposite Sheet
BACKGROUND OF THE INVENTION
rield of the Invention - .
‘This invention relates to a composite ‘sheet £or .
use in thermoforming shaped articles. More perticularly,'

) the invention concerns such a composite sheet which

comprises a leyer of thermoplastic polymer and a specific

stitchbonded nonwoven elastic fabric that cen be - {

thermoformed into more uniform, lighter veight objects _
than could have been thermoformed with the same layer of

'~thermop1estic plastic, were the fabric layer omitted -
_Desctiption of the Prior Art '

| COnventional thetmofotming processes are

‘described by Lubin, "Handbook of Composites", van
‘Nostrand Reinhold Company, 1982, pages 366-367. Such
thermoforming generally involves the sequential steps of

(a) heating a thermoplastic sheet until it softens, (b).

~forming the softened sheet under the influence of

gravity, pressu:e'end/or vacﬁhm in a mold and (c¢)
allowing the formed sheet to cool and harden. When

~ thermoforming is used to mold a sheet,;nto a large

article, such as the interior surface of a bathtub, a

shover stall, sink,. cooler.'canoe hull, or'the like, the .
thermoplestic sheet must undergo a large increase 1n

area, often by a factor of three or more; elong with a

pcorresponding decreese in thickness. Depending on the
- area chenge end the design of the mold, among other
"things, there are often undesired thin spots in the
molded article. ,Dnring'thermoforming, regions of the
_ thermoplastic sheet sﬁbjected to large area changes or

rapid contour changes, such as the corners and edges of
the shaped article, often suffer ftom excessive and
nonuniforn thinning, which in turn leads to lower impact
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resistance, lower flexural strength and greater
fragility. To compensate for such excessive, non-uniform

_ 'thinning, the molder usually provides extra reinforcement
- to such regions by using a much thicker thermoplastic '

sheet for the thermoforming. This results in a heavier

- and more expensive molded article. - Accordingly, it is an

object of this invention to provide a. thermoformable- _
sheet material that will ‘resist undesired thinning during:
such thermoforming molding operations. _ : : '
Composite sheets comprising thermoplastic sheets'
laminated to other layers of plastic sheets or £films are |

'.known for use in thermoforming processes. For example,

United States Patent 4, 415 519 (Strassel), United States
Patent 4, 594 290 (rischet et al), European ‘Patent
Application 87103935.0 (Besozzi), and Japanese. Patent
Application Publication 63-111050 (Makihata) disclose
such composite sheets. Composite sheets comprising a
thermoplastic layer and a fabric, also are known for use
in thermoforming, as for example from Japanese Patent
Application Publication 63-162238 (Iwesaki), and United
States Patent: 4,298,643 (niyagawa et al). niyegawa et al

- discloses the use of various types of yarns (e G.,

textured, spandex, conventional) in a particular knitted

‘fabric that is laminated to a thin thermopiastic sheet to
form a composite sheet suitable for thermoforming.

Not related to thermoplastic molding is the

_present inventor's United States Patent 4,773,238, which

discloses an elastic stitchbonded nonwvoven fabric that is

- useful as a dust cloth, industrial wipe, insulating

fabric, and the iike. An elastic stitching thread
provides the fabric with certain elastic properties.
Various elastic threads and substrate compositions are
disclosed. '
' SUMMARY 0!‘ THE INVENTION - _
To a11eviate the aforementioned problems
associated with thermoforming of large thermoplastic -
' -2
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articles, the present invention provides an improved

; thermoformable composite sheet of the type that has a

 layer of thermoplastic polymer adhered to. a relatively

- lightweight fahric layer. The improvement comprises the
fabric layer being a stitchbonded nonwoven elastic fabric

which has a conformability (defined hereinafter) at 180°C:
in the range of 4 to 9, preferahly in the range of 5 to
7. The stitchbonded fabric usually amounts to no more
than 20%, preferably in the range of 2.5 to 10%, of the

total weight of the composite. The layers can be adhered .
' to each other by an adhesive, thermal bonding or both.’ -
The preferred polymer. for the thermoplastic layer is

polymethylnethacrylate. In enother preferred embodiment,
each surface of the stitchbonded fabric is adhered to a

" thermoplastic polymer layer. The present invention also -
includes shaped articles.made with the thermoforooble

composite sheets.
'BRIEF DESCRIPTION or THE DRAWINGS
The 1nvention will be better understood by

-referring to the drawings, in which: °

Figure 1 is a cross-section of thermofornable

.composite sheet 10 of the 1nvention in which stitchbonded

nonwoven elastic fabric 20 is adhered to thermoplastio

_ polymer layer 30;

_ ‘Figure 2 is a cross-section of another
thermoformable compo;ite sheet 10',o£ ‘the invention that

:has two thermoplaetic polymer 1ayers'30,'30' adhered

to the lower and upper surfaces of stitchbonded nonwoven'
elastic fabric 20; and
Figure 3 is a schematic representetion of a mold
used in the Examples belovw for thermoforning composite
sheets into shaped articles. '
DETAILED DESCRIPTION OF PREFERRED EHBODIMENTS _
The improved thermoformable composite sheet of

_'the invention has a layer_oi thermoplastic polymer
- adhered to a lightweight (i.e., relative to the

3
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_ 4 _
thermoplastic layer) stitchbonded nonwoven elastic
fabric. The composite is capable of being thermoformed

by being heated to temperatures at which the thermo-

plastic polymer softens and’ then_heving pressure epplied,
as in-compgession*molding¢or vecuum'moldino. With the
application of stress during the thermoforming, the
stitchbonded nonwoven elastic fabric conforms to the
contours of the mold. The presence of the elastic fabric
in the composite epparently decreases the nonuniforam

: thinning ‘that usually occurs in the thernopleetic leyer
'when there is no elastic febric present.

Conventional thermoplastic polymers are: suitable

‘for the polymet layer of the thermoformable composite

sheet of the invention, provided the molding temperature .

of the polymer is also suitable for the stitchbonded
ynonwoven elestic fabtic. Among suitable thetmoplastic

polymers are homopolymets and copolymers of _
methylmethacrylete. certain polyolefine, such es_ a
polyethylene and polyptopylene, polyvinyl and _
polyvinylidene halides, ABS resins, polycarbonates, etc.
nethylmethac:ylate homopolymers and copolymers are
pteferred. _ : '
A temporary or permanent adhesive can be used to

_'edhere the stitchbonded nonwoven elastic fabric to the

thermoplastic polymer layer.' For example, 68070 Tedlar®
adhesive (made by E. I. du Pont de Nemours and Compeny)
is suitable. Alternatively, adhesion can be achieved by

 thermal bonding. The thermoplastic polymer layer and the
" . stitchbonded fabric can be adhered to eech other most

economically immedietely after the. thermoplastic polymer
has been cast or extruded into a sheet by bringing the

. fabric into firm contact with the sheet while the sheet
S is still hot.

The stitchbonded nonwoven elestic fabrie of the

-thermoformable composite ‘sheet of the invention can be

selected from wide range of fibrous materials and a wide
N K : ] 4 '
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“range of weights. Compered to the thermoplastic lsyer,_

the stitchbonded fabric is of very light weight. The
fabric usually weighs in. the range of 100 to 500 g/m’ (3
to 15 oz/yd ), preferably 120 to 240 g/m (3.5 to 7

'loz/yd ). In contrast, the thermoplastic polymer layer

can weigh 5 to 40 times as much as the fahric and is
often as much as 30 times as thick. ,

The improved thermoformable composite sheet of
the invention requires the stitchbonded nonwoven elsstic

_fabric to have a COnformability, C, at 180°C in the range

of 4 to 9, preferably in the range of § to 7. The

1 Conformebility is measured as described hereinafter.'. _
”_iThermoforming operations often require the thermoplestic_ "

polymer layer to expand in area and reduce in thickness
by factors of 2.5 to 4 or more. Stitchbonded nonwoven -
elastic fabric for use in the present invention can.

_increase in area quite uniformly by a factor of 4 to 9.

Also, as shown by thermoforming tests described in the
Examples below, the stitchbonded fabric prevents

excessive thinning of the thermoplastic layer in the
"usual problem regions at corners and edges of the shaped

article. The examples also show that when the stitch-
bonded nonvoven elastic fabric has”a-conformability at
180°C outside the required 4 to 9 range, the resultant -
thermoformed article has inedequate thickness at its

'_corners and edges. Several stitchbonded nonwoven elestic

fabrics suitable for use in. the present invention (4. e.,'
those whose conformability factor at 180°C measure in the
range of 4 to 9) are disclosed in the present inventor's
United States Patent 4,773, 238, which disclosure is

"incorporated herein by reference.

The stitchbonded nonwoven elastic fabric is
much more conformable then the thermoplastic polymer
layer at room temperature. At the temperstures of S
thermoforming, the stitchbonded nonwoven elastic fabric
develops a much higher resistance to stretch end £1ow

. 5

Tlns Sheet Has Been Rep

IIIIIIHIIIIHHIIIHIII o



A1)

15

20

25

30

35

than does. the thermoplestic sheet to which it is adhered
It is believed that this large resistance (compared to
that of the thermoplastic polymer layer) causes the
thermoplastic polymer layer to distribute itself more
uniformly in the mold, thereby decreesing thinning in the
resultant shaped article. ‘ L
Various starting meteriols are suitahle £or

preparing stitchbonded nonwoven elastic fabric of the
‘thermoformable composite sheet of the invention. The

- starting materials usuelly are bulky, lightly bonded or
1nonbonded batts or vebs of natural or synthetic ordanic
"fibers. Carded fiber batts, air-laid batts, lightly
_bonded spunbonded sheets, sheets of hydreulicelly

entangled fibers, and the like ‘are suitable. Preferably,

' _the starting materials weigh less than about 50 g/m’.

To form the fabric layer of the. composite sheet
of the invention, the above-described starting materials

can be stitchbonded by conventional techniques with

multi-needle stitching equipment, such as Arachne:

'machines, Mali machines (e.g., Malimo, ualiwatt end
'Malipol), Liba knitting machines and the like. '

Substantially any strong elestic thread is suiteble for

 the stitching thread. However, if the elastic thread has
‘a softening or melting point that is lower than the
softening temperature of ‘the thermoplastic polymer layer

to which the elastic fabric is to be adhered, the thread
should be present in the form of a covered or wrapped
yern..'Suitable yarns.include'spandex or rubber filaments
covered or wrapped with yarns of glass, aramid, nYlon;
polyester or the like. Then, even if the spandex or
ruhber softens or melts during thermoforming,'the cover
or wrap yarn persists and apparently provides the £orces:

needed to decrease excessive thinning during
_ thermoforming., 2re£erred stitching yarns are made of
. spandex filaments covered with nylon or polyester yerns."
Stretch~textured nylon or polyester yarns also are

6
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- row of stitches end zi§-neg stitches can decrease the

.7

nsuiteble.- Usually the stitching thread amounts to no :
~more than 20% of the weight of the stitchbonded fabrio,.'

but preferably no more than 10%, most preferably 2 to 5%..
' ‘Many stitch patterns can be employed in the

';.stitchbonding of the starting materials. Typically, a

series of interlocked loops is formed in one surface of ef”

~staple fiber batt and a patellel eeries of zig-zag
stitches is £ormed on the other. surface. . Alternatively,

the stitching can form rows of oheinfstitohes along the
length of the'bett.i Chain stitching'with elastic yarns
can decrease the fabric length in the direction of the

width as well as the length of the fabric. Usually, the

‘rows of stitohes are inserteéd by needlee vhich'have'e
,dpaoing in the range of 2 to 8 needles per cm and within

each row, the stitches usually have a spacing of 1 to 7
per cm.  Zig-zag stitches are prefetred. If the batt is

" stitched with elastic thread that is under tension. and

the tension is then released, the fabric area becomes '
smaller (i.e., sh;inks).._Shrinking.of the stitchbonded -
fabric can also be accomplished by heating, steaming or

" . chemical treatment.

To be suitable for use: in the thermoformable
composite sheets of the invention, ‘the stitchbonded
nonwoven elastic fabric must have a Conformability at

.- 180°C in the range of 4 to 9. Within this range, the
'Conformability of the stitchbonded fabric is eufficiently :

large to accomodate the usual area increase required of

~ _the thermoplastic layer during the thermoforming step.

Also, even though the composite sheets of the invention_-'

_significantly improve the thickness uniformity of

thermoplastic polymer in the finished shaped artiole,

considerable thickness variation can still be present.'
Accordingly, for use in making oomposite sheet of the
- invention, a good rule of thumb is to select a
‘stitchbonded nonwoven elastic fabric that has a

P y
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_Conformebility"equel to at least one-and-a-half times the -

average area increase expected in conforming the
composite sheet to the mold._

' Conformability, ‘¢, of a fabric is measured in
eccotdance with the following ‘procedure. ' A cemple of the

‘is mounted flat in a 20.3~-cm- (8-inch) diameter ring that

weighs 11.4 kilograms (25 pounds). A 5. 1-cm (2-inch)
diameter circle is marked in the center of the top
surface of the febric._ A smooth netel sphere of 15.3-cm
(6~ inch) diameter is dusted with talc (to avoid sticking
of fabric to the sphere). The fabric, held in the ring,'
is centered atop the sphere. The'weight'ofnthe ring is

' supported by the fabric atop the sphere. The thusly

weighted fabric assembly is placed in a hot air oven and

‘heated at 180°C for five minutes during which time the
_ fabfic expands to conform, at least in part, to the '
'spherical_surface. ‘After the fabric is removed from the
‘oven and allowed to cooi,'the fabric is removed from the

ting and the expanded diameter, D, of the originally

- marked circle is re-measured. The new diameter results

.irom_the expansion caused by the'heating and the stress
imposed by the weight of the ring. The Conformebility at
180°C is then calculated by the formula

- C=Dp* &+ 5.1% = 0.0384D°.

By repeating this procedure, but with the heeting step

omitted;, the room tempereture (1. e., 20°C) Conformability '

1is measured.

Expansion ractor, E, is a ‘dimensionless
parameter used to chetacterize ‘each of the molds (See .
rig. 3) employed in the Examples below. The factor is
defined as the area increase that ideally would be

- required if a flat. thermoplastic sheet were to conform to
the mold walls while undergoing a uniform change in sheet
~ thickness. The factor E is calculated by the formule

_ o E - (LW + 2LH +2WH)/LW.
where L, H and W are defined in the table above and shown
_ R .
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9
on rig. 3. - The internal dimensions and expansion factor
of'each mold are summarized in the following table.

. ~ Table 1
Mold Dimensions in Centimeters _
Mold Number - _ I . . _ 11 . . _III
‘Length, L - . 28 - 28 . - 132
width, w22 22 72
- Height, B~ 13 18 61
‘Radii . 1.9 - 1.9 3.8
'Expansion S .
"Factor, E  3.09 " 3.50 3.64

Note that the listed radii are for the fillets at all

‘intersections of walls and of walls with the bottom of

the'mold' An outlet of'about 0.5-cm diameter is located’

"in the bottom of each mold through which vacuum is
'~ applied.

- Wall thicknesses repotted in the Examples below _

"are for the thermoplastic layers only; fabric thickness
.is not included Thicknesses ate neasured at 'critical”

regions of the thetmoformed part with an ultrasonic
thickness tester, sold by Branson Co. 'Critical” regions
are those wherein excessive thinning of the thermoplastic

-polymer usually is difficult to avoid. The reported '

thicknesses are averages measured (a) at the four bottom
corners, (b) at the midpoints of ‘the long and short

bottom edges and (c) at the middle of the bottom face of
the molded article. The "ideal” or desired thickness, .
t,, is defined as the thickness, Z, of_the thermoplastic

- polymer layer before thermoforming divided by the

expansion factot, E, of the mold. Thus, t, = z + E.
EXAMPLES '
In each of the following'examples. the
fabrication of several stitchbonded nonwoven elastie

~ fabrics is described. ‘Each example describes (a) the

preparation of a stitchbonded fabric and its measured

.Conformability, (b) adhering the fabric to one or more

9
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_ -conventional warp—knitting nomenclature.

10

.ieYers of polynethyimethecrylate-(hereinafter "PMMA") to
 form a composite sheet, (c) heating the composite for 10

minutes at 180°C and. then'thernoforming the composite

. under a vacuunm of 51 cm of mercury in a test mold, (d)
gzheating and thermoforming, under the same conditions,'a'~
comparison sample which is a PMMA sheet having no . '

stitchbonded fabric adhered to it but being of the same :

N dimensions as the PMMA layer in the composite, (e)

neesuring the thicknesses of the thusly thermoformed
articles at their corners, edges and bottom. nold I (See

In the: Examples. fabrics in ecccrdance with the -

" invention are designeted with Arabic numerals. Comperison

samples, outside the invention are designated with upper

‘case letters. All stitchbonded nonwoven fabric samples

were'prepared with a l4-gauge (14 needles per inch or per

2,54 centimeters in the cross-machine direction) two-bar

Liba stitching machine, except Example 1, which employed
a 12-geuge (12 needles/inch) two-bar Liba.,'Esch machine
inserted 11.5. stitches per inch in the machine direction. :
The inserted stitch patterns are identified with
EXAMPLE 1 .

The clear superiority of a thermoforned article
made ‘with a composite sheet of the invention, having a
layer of polymethylmethacrylate (PMMA) adhered to a
stitchbonded nonwoven elastic fapric, is demonstrated by
this example. The article (Sample 1) in accordance with
the invention is compared to an article (Comparison A)
thermoformed under the same conditions in the same mold

_from a PMMA sheet of the same dinensions and weight as
the PMMA layer of the composite sheet.

~ The stitchbonded nonwoven elastic fabric of
Sample 1 was prepared from a carded web of polyester
staple fibers. The web was stitched with a textured yarn

is Sheet Has Been Replaced
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_'supplied to the first ber ‘and a covered spandex yarn
_‘supplied to the second bar of the stitchbonding nechine.
A mixture of 75% by weight of 3. 8-cm (1.5-inch) long,

1.7-decitex (1.5-denier) Type 54 Dacron® polyester fiber

~ and 25% of 7.6-cm (3-inch) long, 3.3-dtex (3-denier) Type_"
] 262 Dacron® polyester copolymer binder fiber (both fibers
- are sold by E. I. du Pont de Nemours and COmpany) vas

single-pass carded on a Bergeth card to form a batt

- weighing about 34 g/m* (1 oz/yd’).. The batt was lightly

cohered by conventional ealendering on a xusters unit at
a temperature of 135°C and a pressure of 689 kPa (loo
psi) and: then fed in the machine direction to the

Jstitchbonding nachine. The front bar of the Liba was
'_supplied with wrapped yarn made with 22-dtex (20-denier)

Type-126 Lycra spandex filament (sold by E. I. du Pont
de Nemours.and Company) and single-wrapped with a 44-dtex
{40-den) 13- filament textured nylon yarn (sold by
MacField Texturing Inc., Madison, North Carolina) and

'formed 1-0,0-1 chain stitches. The back bar was supplied

with a 44-dtex (40-den) 13-filament textured nylon yarn -
and forned 1-0,1-2 jersey stitches. The resulting
stitchbonded fabric weighed 47.5 g/m’® (1.4 oz/yd’).

A sample of the thusly prepared stitchbonded
fabric was immersed in boiling water for 10 minutes. The
fabric shrank to about 38% of its original length and 95%
of.its_originel width. The area of the shrunken fabric

) eQueled about 36% of its originalistitchbdnded area. The

resulting fabric had grab tensile elongations at break '

(ASTM D 1117) of about 230% in the machine direction of
‘the fabric and about 70% in the transverse direction.

The shrunken stitehbended'fabric_weighed l32;g/mz (3.9
oz/yd?) and had a Conformability of 4.9 at room |

‘temperature and of 5.2 at 180°C. A sample of the

shrunken fabric was adhered at 150°C with G-8070 Tedlar®
edhesive to a 6l-cm (24-inch) long, 4l-cm (16-inch) wide,-
3.4-mm (0 135—inch) thick, wine-colored Lucite® XL
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polymethylmethacrylate (PMMA) thermoplastic polymer.-'

_ (Tedlar and Lucite are sold: by E. I. du Pont de Nemours i-
- ‘and Company)._ The resulting composite was 97. 2% by

weight PMMA layer and 2. 8% hy weight stitchbonded

‘nonwoven elastic: fabric, not counting the adhesive which

weighed less than 6.8 g/m® (0.2 oz/yd’). 1In total, the
composite weighed more than 4.7 kg/n' (10.4 lb/yd e '
The thusly prepared composite was heated in an
oven at 180°C for 10 minutes and then promptly vacuum
molded in Mold No. vith the gabric surface of the

'composite facing the mold walls. A conparieon atticle,
‘Sample A, was thermoformed with a PMMA sheet of the same

size as in the composite of Sample 1, but with no fabric

"adhe:ed to it.- Results are summarized in Table 2.

Table 2
Thermoformi ng with ‘Mold 1 (Expansion factor = 3, 09)
'  Example Comparison

.  sample 1 _Sa ple A
Stitchbonded rabric S '
Weight, g/m* .~ . . 132 ~ none

% of Composite 2.8 -0

_ Conformability - ' S
~at 20°C 4.9 -
‘at 180°C . 5.2 -

Thermoplastic Layet
Thickness, mm S
. Ideal, 't, ,;'=1.14'_'--_ 1.14

Corners | 0.71 0.36
Edges R 0.97 0.51
- mid bottom - 1.42 0.54

The ideal thickness, t,, for the PMMA leyet thermoformed
in Mold I was 1.12 nillimeters (0. 044 inch). The _
thicknesses in the 'critical" regions of corners, edges
and mid bottom of thermoformed Comparison Sample A are
respectively only 32. 45 and 47% of the desired ideal

- thickness. This tepresents highly excessive thinning of

12
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‘the thermoplastic PMMA layer in those regions. In |
,contrast, the thicknesses .in the same "critical" regions
' of thermoformed Sample 1 of the invention are 62, 85 and
' 125% ‘of the ideal thickness. Thus, the composite of the |

invention with its stitchbonded nonwoven elastic fabric .
greatly decreased thinning of the walls in the critical
regions of the thernoformed article. -
| EXAHPLE 2 .
This exanple demonstrates the importance of the

| conﬁormability at 180°C of the stitchbonded nonwoven

elastic fabric layer of the thermoformable composite
sheets of the invention. 1In this example, several

_'stitchbonded fabric samples were. prepared and each was

adhered to a 3.18-mm (0. 125-inch) thick layer of PMMA to.
form a composite.' Two of the stitchbonded nonwoven

‘elastic fabrics, Samples 2 and 3, were of the . invention.
‘The fabrics for Comparison Samples B, C and D were -
_ outside the invention because they had Conformabilities

at 180°C of 15. 4 3.3 and 3.7 respectively Thernoforming
of these composites in Mold No. II was also compared with

~ the thermoforming ‘of Comparison Sample E, which consisted_
~'of the PMMA layer with no fabric adhered to it. The

advantages of thermoformable composite sheet in.
accordance with the invention is clearly shown by the

‘results summarized. in Table 3.

The stitchbonded fabrics-used for these axamples
were prepared as follows: '
Sample 2: Sontara - Type 8000 spunlaced (i.e.,

:hydraulicaliy entangled) web of 1.5-dtex (1. 35-den),

3.8-cm (1.5-inch) long polyester staple £ibers (sold by
E. I. du Pont de Nemours and Company) was stitchbonded on
a two-bar, 14-gauge Liba machine. A single-wrapped
Lycra spandex yarn of the type described in Example 1.
was used to form 1-0, 0-1 chain stitches with the front
bar and 1-0 2~3 "long float"” jersey stitches with the
back bar. The resulting stitchbonded fabric was

13
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'eubjected to a 104m1nute.boil-off-followed by air_drying.

which shrank the fabric in the machine direction to 70%
of its original length and in the transverse direction to .
40% of its original dimension. The shrunken fabric had

. grab- elongations in the machine and transverse directionse
of 162% and 365% respectively.. ' '

Sample 3: A batt of 3.3-dtex (3-dpf) 7.6-cm

~ (3-inch) long polyester staple fibers (Type 54 Dacron®

sold by E. I. du Pont de Nemours and Company) was carded
on a Hergeth card and cross-lapped to form a 102-g/m
(3-oz/Yd’) web; needle-punched at 7.4 penetrationa/cm

"-(48/1n ) on a Dilo needler; and then stitchbonded, boiled
'off and dried in the same manner as used for Sample 2.

cOmparison Sample B: ‘A batt, made up 75% by
weight of 1. 7-dtex (1. S—den), 3.8-cm (1'5-1nch)'long
Type 54 Dacron and 25% of 3. 3—dtex (3-den), 7 .6-cm

-'(3-inch) long Type 262 Dacron polyester £ibers (sold. by
" E. I. du Pont Qe Nemours and COmpany) was carded on a .
'Hergeth card to form a 17-g/m (0. S-oz/yd’) web vhich waa'

bonded with a Kusters calender operating at 160°C, 689

~  kPa (100 psi) and 13.7 neters/in (15 yd/min) The wéb

was stxtchbonded with the same single-wrapped spandex

_yarn as was used for Sample 3. A simple tricot stitch

was used on both bars. The fabric was then subjected to

the same boiloff and drying as Sample 3 to shrink the

£abric to 78% and 20% of its original transverse and

. machine direction dimeneions.

Comparison Sagple C:  The procedure used to
prepare Sample B was repeated except that a 102-g/m’
(3—oz/yd’) carded web was used. Boil-off and drying.

shrank the fabric to 55% of its original area.

Comparison Sample D: A 102—g/m2 (3-0z/yd?)

L cross-lapped carded batt was prepared on a Hergeth card

from a blend of 3.3-dtex (3-den), .6~cm (3-inch) long
staple fibers of which 75% was Type 126 nylon and 25% was

' Type 262 Dacron polyester (sold by E. I. du Pont

T 14
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de Nemours and Company) f After needle-punching as for;

' Sample 2, the web was stitchbonded with a dual 160-dtex
-(140- den) textured nylon 'yarn on the front bar naking
. tricot stitches and a single wrapped spandex yarn (as in
- Example ‘1) on the ‘back: bar making chain stitches. Boiloff

and drying as for Samples B and c resulted in a shrinkage_'

‘to 42% of its original area.

- Each of Samples 2, 3, B, Cc and D wvas adhered to

- a separate sample of 3.2-mm (0.125-inch) thick of PMMA of

the type employed in Example 1, to form a composite sheet :

- for thermoforming tests. Thermoforning was performed in

Mold II under the same conditions and in the same manner

- as for the samples of Example l. Characteristics of the

samples and results of the: tests performed are summarized
in Table 3, below. _ ' '
: Table 3

hermoformi_gﬁwith Mold I1I (Expansion £actor = 3.50)
of Invention Comparison Samples
2 3 _B ¢ _D _E
stitchbonded Fabric ' S : -
Weight, g/m’ 193 468 144 197 298  none
$ of Composite [4.3 9.9 . 3.3 4.4 6.6 --
Conformability | ' o E |
at 20°C 5.6 6.3 15.4 3.3 3.7 -
at 180°C 6.1 6.7 15.4 3.3 3.7 --
PMMA Thickness, mm - e . R
© 1deal, t, . 0.91 0.91 ~0.91 0.91 0.91 0.9
Corners '0.74 0.74 0.30. %+ %+  0.20
Edges . 0.84 0.76 0.50 %%  #* 0.51.
mid bottom  0.94 1.24 0.68- #* %% 0.53

'Note: *+ indicates that the composite sample - failed
to conform to the mold dnring thermoforming.

flas shown by the data in Table 3, all "critical"
thicknesses at the corners, edges and bottom”of the -
articles thermoformed from composite sheets of the
invention, at their worst, were at least 74% of the ideal
18 _

)
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desired thickness. 1In contrast, Comparison Sample B,
- whose Conformabiiity was well above the maximum of the
- present invention, failed at the corners of the
_thermoformed article. The corners were only 16% of the
- desired thickness. -Edges of ‘thermoformed Comparison

Sample B were only 55% of the desired thickness.
'Comparison Semple B was’ very little better than

. Comparison Semple E, which had no fabric at all. adhered

to its PMMA sheet. Comparison samples C and D, whose
180°C COnformabilities were. below the minimum of the.

: present ‘invention, failed in the thermoforming tests. The

composites of Comperison Semples C and D apparently were
too stiff at the forming temperetures to conform to the o
walls of the mold. ' '
' EXAMPLE 4
In this example the preparetion of a

'stitchbonded nonwoven elastic fabric of the invention,
.. its adhesion to a sheet of PMMA and the thermoforming of

the resultant composite are identical to those described

“in the preparation of Sample 2 of Example 2, except that

a much larger. mold, nold 111, end thermo!orming sheet to
adequately cover’ the top of the mold were used. Mold III

.measured 132-cm long by 71-cm wide by 24-cm deep versus

29 by 20 by 15 cm of Mold II of Example 2. Comparison
Sample F was made with no fabric adhering to the PMMA

‘layer. The results which are summarized in Table 4
- below. Note the important improvement in thickness
achieved particularly in the corners and the edges of the -

articles thermoformed with the composite of the
invention. The corners and edges of the shaped article
of the invention were respectively 71 and 80% of the

~ideal thickness whereas the corresponding thicknesses of

Comparative Sample r wes only 42 end 59% of the desired

'thicknesses.

' Thxs Sheet Has Been Rep.aced
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Table 4

Thermoformingﬁwith nold 111 (Expansion factor = 3.64)
Sample . ~ Example 4 Comparison F |
.8titchbonded rabric R
Weight. g/m* . 193 none
% of Composite = 4.3 = =
-Conformability - o
. at 20°C 5.6 -
at 180°C - 6.1 -
PMMA Thickness, mm R :
Ideal, t," - " 0.86 0.86
Corners - 0.61. - . 0.36
Edges 0.7 0.51
Mid bottom . 0497 1.24
| ' EXAMPLE §

This example demonsttetes the beneficial effects

o echieved with a composite sheet: of the invention in which _
o a stitchbonded nonwoven elestic fabric is embedded
-between two layets of PHHA, at the mid-plene of the

eomposite. ‘The preparation of Semple 2 and of COmperison
Sample E of Example 2 was repeated, except that a second
layer of PMMA identical to the first PMMA layer was
adhered to the opposite side of the fabric for Sample 5,
and to the other PMMA layer for Comparison Example G.

The total thickness of thermoplastic polymer in each of

fthese composites was 6.35 mm (0.250 inch). The results

of the thermoforming tests are summarized in Table 5,
below. 1In. the critical regions of the corners and edges_

of the thermoformed articles in accordance with the-

invention, the thicknesses were no less than 78% of the
ideal thickness. In contrast, the corner of the -

- —thermofotmed article made with the Comparison Sample G,
'was only: 45% of the desired thickness.-

17
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Table 5
_ Fabric Sandwiched between Two runa Layers
'Thetmoformigg_gith Mold II (Expansion factor = 3.50)

~ sample o Example 5 COmparison G
f stitchbonded rabric,_ S - :

" weight, g/m’ . 193 none
% of Composite - = 2.2 . -
Conformability o | ' '

at 20°C 5.6 —-
~at 180°C 6.1 -
PMMA Thickness, mn - _ ,
7deal . 1.88. - 1.88
' corners - 147 ©0.84°
gdges 1581 127
mid bottom - 1. 98 - - 2.16
| | . EXAMPLE 6

This example illustrates the need for the

' _stitching thread network of the stitchbonded nonwoven .

elastic fabric of the composite of the invention to

maintain its integrity during thermoforming ope:ationsf
_ The preparation of Sample 2 of !xample 2 was

repeated, except that a bare 160-dtex (140-den) Lycta

~ spandex yarn was used for the’ stitchbonding thread _
_instead of a nylon-wrapped spandex thread. The stitch- o

bonded fabric shrank in a very similar manner to the
fabric of Sample 2, but the composite sheet perfotmed

_'inadequately when thermoformed. ' The results are
. summarized in Table 6. Sample ‘H' has no fahric. Sample 2

is repeated in the. tablo for: comparison purposes. _
Table 6 shows that the stitchbonded fabric of

Comparison Sample H, with its bare Lycra could not.

sutvive the 180°C Conformability test. The thermoforming

_tests showed that the fabric of Sample H ptovided no help

in reducing thinning in the corners and edges of the '

'molded article. The corners and edges were as thin as

those of Comparison H’, which contained had no fabric. In
’ . . s 18 T . .
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_bontrast,.the'composite of Sample 2 of the invention

performed very well in reducing thinning in the corners
and edges.. The spandex filaments of the stitchbonded

- fabric of Sample 2 were wrapped with nylon, but those of
Comparison H were bare.

Table 6
Comparison - Bare sPandex in stitchbonded rabric
Thermoforming with Mold I1I (Expansion factor = 3.50)"

_ Conparisons _ Invention
- Samgle | 8 . : 4 Example 2
Stitchbonded rabric L B o
Weight, g/n : 251  none 193
% of Composite 5.6  -- - - . 4.3 -
. Conformability I A
at 20°C = 6.0 - 5.6
o  at 180°C.  failed - 6.1
' PMMA Thickness, mm o .
Ideal, t,  0.91 0.91 0.91
Corners 0.25 . .0.20 0.74
. . Edges .- 0.81  0.51 © . 0.84
Mid bottom . 1,02 0.53 0.94

- The thermoformed article of Sample 2 was treated
further to attach a rigid foam to its surface. The
thermoformed sample was placed 1n a plywood box having an
open top and internal dimensions that were about two

- inches (5 cm) bigger'than the outside dimensions of the

thermoformed article so that there was a clearance of

about 1 inch (2.5 cm) between the outer surface of the
tarticle and the inside of the box. A urethane foam was
-injected between the clearance space between the box
: walls and fabric surface of the thermoformed article.

After curing and removal of the article from the box, the"

- foam was found to be permanently attached to the thermo-~

formed article. - The rigid foam provided additional
strength and impact resistance to the article at a very
small cost and very small: increase in total weight.

_ 19
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1 CLAIM: |
1. In a thermoformable composite sheet having a

thetmoplastic polymer layer which is adhered to a
relatively lightweight fabric leyer, the improvement

"-comprising the febtic leyer being a stitchbonded nonwoven.

elastic fabric heving a conformability at 180°C in the

- range of 4 to 9 and amounting to no more than 20 & of the
_ total composite sheet weight. '

2. A thetmoformable composite sheet according
to claim 1 whetein the conformebility is in the range of
5 to 7 and the fabric veight is in the tenge of 2.5 to

108,

3. ‘A thermoformable composite sheet acco:ding

" to claim 1 wherein the polymer layer and the stitchbonded

fabric are adhered to each other by an adhesive.
4. A thetmoformable composite sheet according

 to claim 1 having the opposite face of the stitchbonded

!abric adhered to a second thermoplestic polymer leyer.
- 5. A thermoformable composite sheet according
to claim 1, 2, 3or & wherein the thermoplastic polymet
is a polymethylmethactylete polymer.'
' 6. A shaped article thermoformed from the
composite sheet of claim 1, 2, 3 or 4. ' . '
7. A shaped article thermoformed from the
composite sheet of cleim S. '
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