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THIERMAL, INSULATION MATERIAILS
Field of the Invention

This invention relates to thermal insulation materials
and to a method of manufacturing such materials.
Background of the Invention

There is a need for a lightweight flexible sheet
material which has low thermal conductivity, but which can
be fabricated into thermal insulation blankets or panels.
Ideally such flexible sheet materials should be safe to use
and not produce dust or fibre particles which can be inhaled
or cause irritation to the skin of anyone who comes into
contact with the material. There are some applications
which require such sheet material to be re-useable many
times.

In some applications, the material has to withstand
exposure to very high temperatures and also provide a
thermal insulation barrier, and there are few materials
which possess both resistance to high temperature and low
thermal conductivity.

Summary of the Tnvention

According to one aspect of the present invention there
is provided a flexible thermal insulating fabric comprising
a double-faced weft knitted structure “ormed by knitting
varn which comprises strands of air-textuared glass fibre to
produce two spaced knitted faces interlinked by yarn which
passes from one knitted face to the other.

In a further aspect of the present invention there is
provided a method of making a flexible thermal insulation
fabric comprising the steps of weft knitting a double faced
glass fibre fabric using yarn which comprises strands of
air-textured glass fibre on a double needle bed weft
knitting machine and interconnecting the faces of the fabric
with at least one linking yarn which passes from one knitted
face to the other. The or each linking yarn may be formed
by tuck stitches which pass from one face of the fabric to
the other.
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In a preferred embodiment of the present invention, the
thermal insulation material is knitted on a double needle
bed weft knitting machine which uses a "V" bed with 2.5
gauge needles.

The spacing between the front bed needles and the back
bed needles is suitably about 10mm, and this dimension
affects the overall thickness of the finished fabric as will
be explained below. If desired the spacing between the
front and back needle beds could be greater than 10mm if
thicker fabrics are required.

Preferably linking yarn in the form of tuck stitches
are created by wrapping the at least one linking yarn around
selected needles of both needle beds.

Preferably fthe or each linking yarn is a glass fibre
thread.

In a preferred embodiment of tle invention glass fibre
threads are converted to silica by leaching the fabric in an
aqueous solution containing hydrochloric acid.

In yet a further embodiment of the invention a leached
fabric has a finish applied to at least one of the faces.
The preferred finish is applied by immersing the fabric in
a solution comprising 50% .y weight vinylacetate ethylene
copolymer latex and an aqueous silicone elastomer emulsion

The preferred yarn for knitting comprises a plurality
of strands of air-textured glass fibre (each of which is
about 1700 decitex) fed to a yarn feeder of the knitting
machine.

Preferabiy the thermal conductivity of the fabric,
measured in a direction normal to both faces, is of the
order of 0.01 to 0.20 w/m’k. Ideally the thermal
conductivity is in the range of 0.10 to 0.125 w/m’k.
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In one embodiment of the invention, the thermal
insulation material may comprise a first substantially

silica fabric joined to a second glass fibre fakric.

In a further embodiment of the invention the thermal
insulation material may comprise a core fabric made of glass

fibre and a silica fabric joined to the surfaces of the core
fabric.

Brief Description of Drawings

The present invention will now be further described, by
way of example, with reference to the accompanying drawings
in which: -

Figures 1 to 5 illustrate schematically the stitch
patterns for knitting five thermal insulation materials in
accordance with the present invention, and

Figures 6 to 8 show schematically the cross-section of
three materials made in accordance with the present

invention.

Description of Preferred Embodiments

In all of the following examples, the thermal
insulation material comprises a knitted fabric which has two
knitted faces spaced apart in a direction along which heat,
which is to be shielded by the fabric, flows. The two
spaced faces are interconnected by stitches which pass from
one face to the other so as to constitute a unitary body
which has a low density (due to the presence of a large
volume of air trapped between the two faces). The low
density core so formed is substantially self supporting,
that is to say that the two faces of the fabric, whilst able
to be displaced if moved relative to each other by small
amounts in directions parallel to the faces, are
nevertheless tied together as a unitary body by the
interlinking stitches so that the body is substantially self
supporting.
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Referring to the stitch pattern diagram of Figure 1, a
first course is knitted on all the needles 10 of the front
bed of needles (stage (a)).

5 A second course is then knitted on all the needles 12
of the back bed of needles (stage (b)). The third course is
formed by wrapping the yarn around the needles 10 of the
front bed =cross the gap between the front and back needle
beds and around the needles 12 of the back bed (stage (c)).

10 This three-course pattern is then repeated until the
desired length of fabric is produced. The resulting fabric
comprises two fabric faces interconnected by the tuck

stitches formed by each third course of the repeated
pattern.

15 The overall thickness of the fabric is dependent upon
the distance between the needles of the front bed and the
needles of the back bed, the gauge of the needles and the

tension of the yarn used to make the tuck stitches in each
third course.

20 The typical weight of a fabric made in accordance with
the stitch pattern illustrated in Figure 1 is about 3kg per
square metre, and the fabric has a thickness of about 13mm.
The thermal conductivity is typically 0.125 w/m‘'k, measured
in the direction normal to both faces. .

25 In the above-described stitch pattern, the third course
is wound around all the needles of each needle bed. If
desired, the thread ‘may be wound around only some of the
needles of each bed as shown in course (c) of Figure 2.
This has the advantage of reducing the total weight of the

30 fabric for a given thickness. Referring to Figure 2, the
same thickness glass fibre yarn is used as that used in
Figure 1 and the first two courses are knitted exactly as
described with reference to Figure 1.
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In a further embodiment of the present invention the
stitch pattern shown in Figure 3 is used. The first and
second courses are knitted as described above with reference
to stages (a) and (b) of Figure 1. A third course is formed
by wrapping the thread from alternate needles 10 of the
front needle bed to alternate needles 12 of the hack bed as
shown in 3(c). The pattern is repeated except that the
sixth course is formed by wrapping the interlinking thread
from the alternate needles 11 of the front bed to the
alternate needles 13 of the back bed as shown in 3(f). 1If
desired, different thickness yarns may be used for the third
and sixth courses.

In yet a further embodiment of stitch pattern shown in
Figure 4, a double =zig-zag tuck stitch pattern can be
achieved by knitting the first two courses as described in
connection with Figure 1, but forming the third course by
wrapping interlinking thread around alternate needles 10 of
the front bed and around the alternate needies 12 of the
back bed as shown in 4(c). A fourth course is formed by
wrapping the same or a different interlinking thread around
the alternate needles 11 of the front bed and the alternate
needles 13 of the back bed as shown in 4(d). The pattern of
these four courses is then repeated until the desired length
of fabric is produced.

In yet a further embodiment shown in Figure 5, one face
F of the fabric is knitted on 5 gauge needles 14 and the

other face B of the fabric is knitted on 2 5 gauge needles
15.

Referring to Figure 5, the first course is knitted on
all the back bed needles 15 using a glass fibre yarn
comprising five threads, each of 1700 decitex as shown in
Figure 5(a). The second course is knitted on all the
needles 14 of the front bed using two strands of 1700
decitex glass fibre as shown in Figure 5(b).
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The third course is formed by wrapping a thread of
glass fibre, comprising two strands of 1700 decitex glass
fibre, around all the needles 15 of the back bed and
alternate needles 14 of the front bed as shown in Figure
5(c).

The resultant fabric has the one face F which is of
relatively tight knitted stitches knitted on the smaller (5
gauge) needles 14 and the other face B exhibits relatively
loose stitches, knitted on the larger needles 15. The tight
knitted face F may provide a better surface for subsequent

coatings (as described hereinafter) than the loose knit face
B.

All of the materials produced as described above with
reference to Figures 1 to 5 comprise two faces 16,17 (shown
in Figure 6) linked together by tuck stitches 18 formed by
wrapping the glass fibre thread around selected needles of
both beds as described above. The resulting materials have
low thermal conductivity and, because of the unique
combination of the needle size, thickness of yarn, and
tension of the yarn, are lightweight and very flexible and
safe to handle. All the products produced as described
above offer effective thermal insulation for low temperature
application (up to for example 700°C). However, the glass
fibres will soften or melt at about 700°'C so, if the product
is required to withstand exposure to heat at temperatures
above 700°C, it is necessary to apply further coatings to at
least that surface of the fabric exposed to the high
temperature.

In one embodiment, a coating comprising a refractory
material such as a vermiculite slurry is applied to one or
both faces of the fabric. In another embodiment a
perfluorocarbon such as PTFE may be applied to one or both
surfaces.

In yet a further embodiment of the present invention
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the knitted fabric, produced as described above (other than
that it has a vermiculite coating applied to it), is leached
by immersing the fabric in a 1leachant which comprises
hydrochloric acid in order to convert the glass fibre to
silica. A fabric made by the method of Figure 1, which
started at 13mm thickness before leaching, reduces to about
10mm overall thickness after leaching. Approximately 98% of
the glass is converted to silica. The leached fabric still
retains its flexibility but will withstand exposure to
temperatures of up to 1600°C before the silica melts. The

thermal conductivity of the leached fabric is of the order
of 0.10w/m’k.

In a preferred embodiment, the leached fabric has a
finish applied to at least both faces of the fabric in order
to provide abrasion resistance and to suppress the creation
of dust. A preferred method of applying the €finish
comprises the steps of immersing the leached fabric in a
finish solution comprising 50% by weight wvinylacetate
ethylene copolymer latex (an example being that sold under
the trade mark VINAMUL 3237) and an agueous silicone
elastomer emulsion (an example being that sold under the
trade mark ULTRATEX FSB).

Referring to Figure 7 there is shown, schematically, a
thermal insulation material constructed in accordance with
the present invention. The material is suitable for use as
a thermal insulation blanket that can be wrapped around a
component such as a pipe.

The material comprises an unleached fabric 20
manufactured as described above with reference to any one of
Figures 1 to 5 and a leached fabric 21 manufactured as
described above with reference to any one of Figures 1 to 5,
leached in aqueous hydrochloric acid to convert the glass
fibre to silica as described above and coated with a finish
by immersing in the finish solution described above.
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The fabric 20 is secured to the fabric 21 by stitching,
stapling or by means of an adhesive so as to form a unitary
body which is flexible. Such a body has the ability to
withstand high temperatures because of the layer 21 and
possesses low thermal conductivity because the layer 20 1is

a low density fabric with many voids formed within the
fabric.

If desired, a unitary body could be made comprising an
unleached core fabric 20 (made as described above) clad on
both sides with a leached fabric 21 (made as described

above). An example of such a fabric is shown in Figure 8.

In the above examples, the leaching of the glass fibres
to form silica is carried out by immersing the whole fabric
destined to form the layer 21 in the leachant.

In the above examples the thickness of the fabric is
determined by the width of the gap between the needle beds.
Conventional V-bed weft knitting machines can be adapted to
be used to make fabrics in accordance with the present
invention. The common practice with conventional V-bed
machines is to design the shape of the cams which control
the throw, or movement of the needles so that after the
needles are pulled to a maximum position when forming the
loops on the needles they are backed-off a small amount to
release tension so as to avoid breaking the thread. 1In the
context of the present invention, it is desired to produce
the thickest possible fabric (for thermal insulation
reasons) and bhacking off the needles to relax tension would
not optimise the thickness of the fabric. Therefore, it is
contemplated that the cams of a conventional V-bed machine
could be modified so as to reduce, or possibly eliminate,
the amount that the needles are backed off to relieve
tension. Such a design modification would be unusual for
knitting textile fabrics and for most glass fibre fabrics
would be an unnecessary and unneeded expense. However, for
the purposes of the present invention, one can achieve
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slightly thicker thermal insulating fabric< for a given gap
between needle beds by not backing off the needles, than one
can achieve when backing off the needles. Surprisingly,
this has been achieved without breaking the glass fibre
interlinking threads, which in any case are relatively
thicker than the more usual glass fibre threads used for
fabrics.
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1. A flexible thermal insulating fabric comprising a
double-faced weft knitted structure formed by knitting yarn
which comprises strands of air-textured glass fibre to
produce two spaced knitted faces interlinked by yarn which
passes ifrom one knitted face to the other.

2. A flexible thermal insulation fabric according to
claim 1, wherein the fabric is formed by knitting on a

double needle bed knitting machine.

3. A flexible thermal insulation fabric according to
claim 1, or claim 2, wherein the fabric is knitted with
multiple strands of air textured glass fibres.

4. A flexible thermal insulation fabric according to
claim 3, wherein the yarn comprises a plurality of strands
of glass fibres each of which is about 1700 decitex.

5. A flexible thermal insulation fabric according to
any one of the preceding claims, having a thermal
conductivity, measured in a direction normal to both faces,
of the order of 0.10 to 0.20 w/m’k.

6. A flexible thermal insulation fabric according to
claim S, wherein the thermal conductivity is in the range of
0.10 to 0.125 w/m’k.

7. A flexible thermal insulation fabric according to
any one of the preceding claims, wherein both faces are

knitted on the same gauge needles.
8. A flexible thermal insulation fabric according to
any one of claims 1 to 6, wherein one face is knitted omn

larger gauge needles than the other face.

9. A flexible thermal insulation fabric according to

30 any one of the preceding claims, wherein the or each linking
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thread comprises tuck stitches which pass from one face to
the other face.

10. A flexible thermal insulation fabric according to
any one of the preceding claims, wherein at least some of
the glass fibre is converted to silica.

11. A flexible thermal insulation fabric according to
claim 10, wherein a finish comprising a vinylacetate
ethylene copolymer latex is applied to one or more surfaces
of the fabric.

12. A flexible thermal insulation fabric comprising a
first fabric constructed in accordance with claim 10 or
claim 11, joined to a second fabric constructed in

accordance with any one of claims 1 to 9.

13. A flexible thermal insulation fabric comprising a
core fabric constructed in accordance with any one of claims
1 to 9, and a fabric constructed in accordance with clai:: 10
or claim 11 joined to the surfaces of the core fabric.

14. A flexible thermal insulation fabric according to
any one of the preceding claims, wherein one or more
surfaces of the fabric are coated with & refractory
material.

15. A method of making a flexible thermal insulation
fabric comprising the steps of weft knitting a double faced
glass fibre fabric using yarn which comprises strands of
air-textured glass fibre on a double needle bed weft
knitting machine and interconnecting the faces of the fabric
with at least one linking yarn which passes from one knitted
face to the other.

16. A method according to claim 15, wherein the or
each linking yarn is formed by tuck stitches which pass from
one face of the fabric to the other.
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17. A method according to claim 16, wherein the tuck
stitches are formed by wrapping glass fibre threads around

selected needles of one bed and selected needles of the
second bed.

18. A method according to claim 15, wherein both faces
of the fabric are knitted on needles of the same gauge.

19. A method according to claim 15, wherein a first
face of the fabric is knitted on needles of a larger gauge
than that of the needles on which the other face is knitted.

20. A method according to claim 19, wherein the needles
of one bed are of 5 gauge and the needles of the other bed
are of 2.5 gauge.

21. A method according to any one of claims 15 to 20,
wherein the fabric is knitted using yarn which comprises a
plurality of strands each of which is approximately 1700
decitex.

22. A method according to claim 19 or claim 20, wherein
a first face of the fabric is knitted on needles of one bed
which are of larger gauge than the needles of the other bed,
using a yarn which is thicker than the yarn used for
knitting the second face.

23. A method according to any one of claims 15 to 22,
wherein the glass fibre fabric is leached by contacting the
fabric with hydrochloric acid to convert at least some of
the glass fibre to silica.

24, A method according to claim 23, wherein a finish is
applied to the fabric by contacting the fabric with a
solution comprising 50% by weight vinylacetate ethylene
copolymer latex and an aqueous silicone elastomer.
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