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ABSTRACT

The present invention relates to a belt comprising a warp yarn and a weft yarn, wherein
the belt comprises a fused region along each longitudinal edge of the belt, said fused
region being formed from the warp yarn, the weft yarn and a yarn provided for fusing

the warp yarn and the weft yarn together.
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Belt Edge

Technical Field of the Invention

The present invention relates to a belt having an improved edge design and to

a method for producing the same.

Background to the Invention

Tower press filters are commonly used for the filtration and separation of
materials in the mining and mineral sectors. Tower press filters commonly comprise a
single filter belt passing through a vertical stack of horizontal plates. Alternatively,
tower presses may be of an individual belt design, whereby each individual filter plate
is served by its own belt. Tower press belts are typically of a woven design,
comprising a multitude of interlocking weft yarns and warp yarns. Warp yarns are
typically longitudinal (i.e. run in the machine direction) and weft yarns are typically
transverse (i.c. run perpendicular to the machine direction).

Tower press filter belts are commonly finished by a process known as heat
setting. Heat setting is a process by which the woven belt fabric is subjected to a heat
treatment, typically under an applied tension. The process imparts shape retention,
resilience and elasticity to the fibres. Heat setting may also improve strength of the
belt material. All these changes are connected with the structural and chemical
modifications occurring within the fibre.

Tower press belts may be very long, being typically up to 200 m in length,
hence accurate tracking and dimensional stability are essential characteristics in order
to minimise belt wear and subsequent premature failure. A particularly common cause

of belt failure in tower presses is that of edge wear. The edges of the belts are exposed
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to a great deal of mechanical wear, due to abrasion and movement. In order to provide
accurate belt tracking and scal the ends of the belt weft yarns, thus preventing
snagging or wearing against the belt guidance systems, it i common practice to seal
or otherwise reinforce the edges of the belt, that is the outermost section of the belt
outside of the filtration area. Without some form of belt edge sealing, the edges of the
belt may fray, rendering the filter belt susceptible to further damage, since the frayed
belt edges may become caught in the mechanism of the tower press, such as belt
guides or rollers. This may further cause the tower press machine itself to jam,
malfunction, or itself become damaged or unusable.

Currently, most tower press belts are secaled at the edges using ultrasonic
technology. During the process, a sonotrode delivers ultrasound energy through the
yarns of the belt to an anvil such that the fabric surface is transformed. The design of
the anvil imparts parallel or diagonal lines down the belt edges which, in theory, bind
the warp and weft yarns to produce a tougher, more durable edge in order to minimize
wear during operation of the belt. During the ultrasonic sealing operation the belts are
frequently simultancously slit by using additional sonotrodes together with cutting
blades.

Ultrasonic technology has some drawbacks. It degrades the yarns, as the yarns
are fused together, resulting in a differential in modulus and elongation properties on
the edge of the belt compared with the body of the fabric which may lead to bowing,
warping or rippling of the belt. In some cases, this leads to tracking problems on the
filter machines. Further, ultrasonic technology combined with slitting causes the

cutting blades to wear out quickly, resulting in poor quality edges and sealing.
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Other belt edge sealing technologies includes hot-knife slitting and edge
scaling coating with synthctic rubbers or polymers.

Hot knife technology seals only the last 1-2 mm of a belt edge and the edge
has a rough appearance. More or wider security is needed to achieve expected belt
lifetimes and a smooth edge is vital to minimise abrasion when the side of the belt
comgcs into contact with guiding mcchanisms on the tower press filter machine.

Edge coating involves a slow curing process and is therefore very inefficient
in terms of manufacturing and the effectiveness of the coating is limited due to the

low penetration of glues into the yarn structure.

It is therefore an object of embodiments of the present invention to provide a
belt that exhibits reduced edge wear during use, thus needing less frequent

replacement.

It is another object of embodiments of the present invention to provide a belt

having an improved surface appcarance after edge scaling;

A further object of embodiments of the present invention is to provide a more

cfficient mcthod for manufacturing a belt and scaling the edges thercof.

Summary of the Invention

According to a first aspect of the invention there is provided a belt comprising
a warp yarn and a weft yarn, wherein the belt comprises a fused region along each
longitudinal edge of the belt, said fused region being formed from the warp yarn, the

weft yarn and a yarn provided for fusing the warp yarn and the weft yarn together.

For case of reading, the term “yarn provided for fusing the warp yarn and the

weft yarn” shall hereafter be referred to as “fusing yarn”.
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Each longitudinal edge of the belt comprises a fused region otherwise the shape of the
belt may become distorted, i.c. curved, which is undesirable. Further, if only onc of
the longitudinal edges comprises a fused region then the belt may have to be replaced
more frequently because the non-fused edge will still exhibit an increased

susceptibility to fraying.

The melting point of the fusing yarn should be below the melting point of the

weft yarn and the warp yarn.

Preferably the melting point of the fusing yarn is below the melting point of
the warp and weft yarns and above the operating temperature of the filter press

machine.

The melting point of the fusing yarn may be between 70 and 140 °C, for
instance, when the warp and weft yarns comprise polypropylenc. The melting point of
the fusing yarn may be between 70 and 180 °C, for example, when the warp and weft

yarns comprise polyester.

The fusing yarn may comprise one or more polymers. Preferred polymers
include low density polyethylene, polyester, polyamides, copolyester, copolyamide or

a mixture thereof.

The fusing yarn may be made of the same material as the weft and warp yarns.
However, when the warp, weft and fusing yarns are made of the same materials, it is
preferred that the density of the fusing yarn is below the density ot the warp and weft
yarns or is a copolymer variant. For instance, the fusing yarn may comprise low

density polyethylene when the warp and weft yarns comprise polyethylene. Similarly,
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the fusing yarn may comprise a copolymer polyester when the warp and weft yarns

comprise polyester.

Alternatively, the fusing yarn may be made of a material that differs from the
warp and weft yarns, with the fusing yarn having a melting point below that of the

warp and weft yarns.

The fusing yarn may contain bi-component filament (s) comprising different
polymers. The bi-component yarn can have a multifilament, staple or monofilament
structure. The bi-component filaments can also have a core sheath structure where one
of the components (the core) is fully surrounded by a second component (the sheath).
For such yarns, the sheath preferably has a melting point below the melting point of
the warp and weft yarns. The fusing yarn having a core sheath structure preferably
comprises copolyester and co-polyamide polymers or polyamide and copolyamide

polymers.

Each fused edge region preferably has a width between 5 mm and 70 mm. A

width of 30 mm is particularly preferred.

Preferably the width of each fused edge region is between 30 mm and 70 mm,

between 40 mm and 70 mm or between 50 mm and 70 mm.

When the belt is a filter belt, it is preferred that the width of the fused edge
region does not overlap with the filtration area, otherwise a reduction in filtration
cfficiecncy may be obscrved duc the fused cdge region being substantially
impermeable. The filtration area may be encroached upon when the width of the fused

edge region is greater than 70 mm.
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The fused edge region preferably has a width of not less than Smm, otherwise
there may be insufficient fusing yarns to cnsure that the warp and weft yarns are
properly fused with the fusing yarns and that there is still enough melted area left in

the direction of the belt body.

Preferably the belt’s longitudinal edges are as strong as possible since they
may be continually subjected to wear and abrasion in normal use, for instance when
used in a filtration apparatus, as the belt passes along guides which are used to ensure
accurate tracking of the belt. Should the outer edges become damaged or worn
through abrasive forces, particle entrainment, etc., they fray easily and minor damage
quickly propagates as loose/free yarns catch on the guides and are pulled or ripped
free. Belts of the present invention having a width of between 5 and 70 mm exhibit
improved edge strength relative to belt edges that are scaled using conventional
scaling methods such as embossing and hot knife slitting which provide no or very
little additional strength/reinforcement to the edge of the belt. The belt of the
invention cxhibiting improved edge strength thercfore offers a wider region of
security, i.e. before fraying occurs, and prolongs the period of time before which the
belt must be replaced.

Preferably the diameter of the fusing yarn is between 0.10 mm and 0.60 mm

when the fusing yarn is a monofilament yarn

Preferably the linear density of the fusing yamn is between 25 and 500 dtex
when the fusing yarn is a multifilament yarn. In the case of fusing yarns of staple yarn

construction, the preferable range of equivalent dtex is from 25 to 500.
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The warp yarn may comprise a polymer sclected from polypropylene,
polyethylene terephthalate, polycthylene, polybutylene terephthalate, polyphenylene

sulphide, poly-paraphenylene terephthalamide or a combination thereof.

The weft yarn may also comprisc a polymer sclected from polypropylene,
polyethylene terephthalate, polyethylene, polybutylene terephthalate, polyphenylene

sulphide, polyamide or poly-paraphenylene terephthalamide or a combination thereof.

Preferably the warp yarn and the weft yarn are not made of a natural fibres

since these are less suitable for use in filter belts, particularly tower press filter belts.

It is preferred that the linear density of the warp yarn is from 150 to 4400 dtex,
preferably from 1100-2200 dtex. The weft yarn may also have a linear warp density

from 150 to 4400 dtex, preferably from 1100-2200 dtex.
Monofilament weft yarns may also be used between 0,2mm and 0,6mm.

Preferably the warp yarn and the weft yarn comprise polypropylene or

polyester.

The warp yarn and/or weft yarn may have a monofilament, multifilament yarn
or staple fibre structure. The belt may comprise a plain weave, a twill weave, a satin

weave or a double plain weave.

Due to the improved stability of the belt, particularly at the belt’s edges, the
belt may comprise a tracer yarn to act as a guide. The tracer yarn may be incorporated
into the belt by replacing one or more warp yarns with one or more tracer yarns. In
this connection the tracer yarns, which have a different colour to the main body of the

belt, are woven into the belt in the same manner as the warp yarns. Advantageously,
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the provision of a tracer yarn allows the belt to be aligned accurately within the

apparatus which promotes straight and true linear tracking of the belt.

According to a second aspect of the invention there is provided a method for

producing a belt, which comprises the steps of:
5 a. providing a plurality of warp yarns;
b. providing a plurality of weft yarns;

c. providing a plurality of fusing yarns for fusing the warp yarns and the
weft yarns where they meet, said fusing yarns being provided along

cach longitudinal edge of the belt;

10 d. weaving the plurality of weft yarns through the warp yarns and fusing

yarns for bonding the warp and weft yarns, and

e. subjecting the belt thus formed to a heat treatment to form a fused

region from the warp yarns, the weft yarns and the fusing yarns.

The method according to the second aspect of the invention may be used to
15  manufacture the belt according to the first aspect of the invention. The method
according to the second aspect of the invention may, as appropriate, incorporate any
or all of the features described in relation to the belt according to the first aspect of the

invention

In a preferred embodiment the fusing yarns are provided in an alternating
20  arrangement (1:1) with the warp yarns. Other possible ratios of fusing yarns to warp

yarns may be 1:2, 1:3, 1:4, 2:1, 3:1 or 4:1.
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Preferably the fusing yarns which replace the warp yarns at the longitudinal

cdge region arec woven into the belt in the same manner as the warp yarns.
The fusing yarn may be provided substantially parallel to the warp yarn.

The heat treatment used to fuse the yarns may be a heat treatment used to heat
set the belt. Alternatively, the heat treatment used to heat set the belt and the heat
treatment used to fusc the warp and weft yarns may be performed in two separate heat
treatment steps. During the heat treatment, the fusing yarns melt into the warp and
weft yarns thereby fusing the warp and weft yarns together. This reinforces the edge

of the belt.

When the warp and weft yarns comprise polypropylene, the heat treatment
may be performed at a temperature between 125°C and 145°C. Such a heat treatment
is suitable for heat setting the belt and fusing the warp and weft yarns. The heat

treatment is preferably performed at a temperature between 135 °C and 140°C.

Preferably the warp and/or weft yarns are not cut or severed prior to or during
the step of subjecting the belt to the heat treatment since this may reduce the tensile

strength of the fused region thus obtained.

Following the heat treatment for fusing the yarns, a hot knife may be used to
slit the belt in order to obtain a smooth slit edge. In this way fraying of the edge may
be prevented. In addition, the tensile properties of the belt in the fused region are at
least comparable to the tensile properties of the main body of the belt. While the
method according to second aspect of the invention is particularly suitable for
manufacturing filter belts, and particularly those for use in tower press belt

applications, it may also be employed to manufacture other filtration belts or belts for
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conveying applications. For instance, the method may be used to manufacture
horizontal vacuum filter belts, belt press belts, conveyer belts and belts for rotary

vacuum dryers with belt discharge.

According to a third aspcct of the invention there is provided a filter belt
comprising a warp yarn and a weft yarn, wherein the filter belt comprises a fused
region along each longitudinal edge of the belt, said fused region being formed from
the warp yarn, the weft yarn and a yarn provided for fusing the warp yarn and the weft

yarn together where they meet.

Due to the substantially impermeable nature of the fused edge, it may act as a
scal against sideways leakage either directly or via capillary action during filtration.
Further, when the belt is employed in vacuur filter applications, i.c. as a vacuum
filter belt, the flat parallel structure at the belt’s edges also enables a better vacuum

seal to be obtained with no or little suction being drawn in from the sides.

The filter belt according to the third aspect of the invention may incorporate
any or all of the features described in relation to belt according to the first aspect of
the invention, as appropriatc. The filter belt according to third aspect of the invention
may also be manufactured by the method according to the second aspect of the

invention.

According to a fourth aspect of the invention there is provided a vertical
filtration apparatus, such as a tower press, comprising a belt according to the first or
third aspects of the invention. The apparatus according to the fourth aspect of the
invention may, as appropriate, incorporate any or all of the features described in

relation to belt according to the first aspect or the third aspect of the invention.
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The filter belt is particularly suitable for use in tower press belt applications.

Detailed Description of the Invention

In order that the invention may be more clearly understood an
embodiment/embodiments thereof will now be described, by way of example only,

with reference to the accompanying drawings, of which:

Figure 1 shows a cross section of belt comprising warp yarns, weft yarns and a
fused region formed from the warp yarn, the weft yarn and the yarn for

fusing the warp and weft yarns.

The above embodiment is described by way of example only. Many variations

are possible without departing from the scope of the invention.

Figure 1 shows a cross section of a belt (1) comprising a plurality of
interlocking warp yarns (2) and weft yarns (3). The warp yarns are longitudinal (i.c.
they run in machine direction) and the weft yarns are woven through the warp yarns
in a direction perpendicular to the machine direction. Further yarns (4) for fusing the
warp yarns and the weft yarns are provided substantially parallel with the warp yarns

(i.c. they also run in the machine direction) at cach longitudinal edge of the belt.

In this example the warp yarn (2) is made of multifilament polypropylene and
has a lincar density of 2200 dtex. The weft yarn is made of monofilament
polypropylene with a diameter of 0.5 mm. The fusing yarn (4) is made of low-density

polyethylene having a diameter of 0.22 mm.
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The following formula may be used to determine the optimum number of
fusing yarns (FY) at cach belt edge, where WT is the number of warp threads per cm,

WE is the width of the edge (cm) and R is the desired ratio of FY :WT:
No. of FY = (WT) x (WE) x (R)

In this example, the frequency of fusing yarns to warp yarns at the belt edges
is 1:1, with the fusing yarns being provided in an alternating arrangement with the
warp yarns. Further, the edge width is 3 cm and there are 27 warp threads per cm,

such that 81 fusing yarns are provided at each belt edge.

The belt (1) comprising warp (2), weft (3) and fusing yarns (4) is subjected to
a heat treatment in order to heat set the belt. The polypropylene belt with fusing yarns
is heated to a temperature between 135 and 140 °C. The heat treatment causes the
low-density polyethylene fusing yarns, having a melting point below that of the
polypropylene warp and weft yarns, to melt. This melting allows the polymer to flow
over the belt surface giving an appearance similar to that imparted when a “hot melt”
glue is used to seal edges of a belt. This provides a good aecsthetic appearance, but
importantly the warp and weft yarns are physically bonded/fused together where they
meet. The region in which bonding/fusing of the yarns occurs may be termed a fused
region” or a “fused cdge region”. In this example, cach fused edge region is 3 cm in

width.

A “Hot-knife” is then used to slit and scal the outermost 1-2 ¢cm of the belt
edge. This prevents or at least reduces fraying, without any significant differential in

tensile properties compared to the main body of the belt.
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Tensile strength tests were performed according to DIN EN ISO 13934
(ZWICK/ROELL™, Type 1465, Ser.No. 114374/04) on belts having an identical
warp and weft construction and weave design in order to determine the strength of the
main body of the belt (C1), the strength of an embossed edge of the belt (C2) and the
strength of a fused edge of the belt (E1). The test samples were 25 mm wide and 50
mm in length, The results of the test are shown in Table 1.

The comparison work showed that a reduction in tensile strength within the
embossed edge takes place, whereas the tensile strength of the fused edge remains
nearly the same. The embossing damages the structure of the warp and weft yarns in
the edge region, thus weakening the yarns. The resulting belt edge is significantly
reduced in strength as a result. In the case of the present invention the warp and weft
are not weakened. The belt edge is at least as strong as the main body of the belt, the
main body corresponding to the filtration region of a filter belt. The belt of the

present invention also exhibits improved edge durability.

Table 1

Samples F/max | L @F- Yarn-diameter Polymer Weave

(N/em) | max (%) (warp/weft) pattern

Cl 2706,7 32,7 dtex 2200/dtex Polypropylene | Twill
2200 tape

C2 1463,1 16,4 dtex 2200/dtex Polypropylene { Twill
2200 tape

El 2979,8 34,7 dtex 2200/dtex Polypropylene | Twill
2200 tape

CA 2969631 2018-09-19
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CLAIMS

L. A tower press filter belt comprising a warp yarn and a weft yarn, wherein the belt
comprises a fused region along each longitudinal edge of the belt, said fused region

5 being formed from the warp yarn, thé weft yarn and a yarn provided for fusing the warp
yarn and the weft yarn together, wherein the linear density of the warp yam and/or the

weft yarn is from 2200 to 4400 dtex.

2. The tower press filter belt according to claim 1, wherein the melting point of the fusing

yarn is below the melting point of the weft yarn and the warp yarn.

10 3. The tower press filter belt according to claim 1 or 2, wherein the melting point of the

fusing yarn is between 70 and 180°C.

4, The tower press filter belt according to any one of claims 1-3, wherein the melting point

of the fusing yarn is between 70 and 140°C.

5. The tower press filter belt according to any one of claims 1-4, wherein the fusing yarn
15 comprises a low density polyethylene, a polyester, a polyamide, a copolyester, a

copolyamide or a mixture thereof.

6. The tower press filter belt according to any one of claims 1-5, wherein the fusing yarn

has a density below the density of the warp and weft yarns.

7. The tower press filter belt according to any one of claims 1-6, wherein the fusing yarn

20 comprises low density polyethylene and the warp and weft yarns comprise
polyethylene.

8. The tower press filter belt according to any one of claims 5-7, wherein the fusing yarn

comprises low density polyethylene and the warp and weft yarns comprise

polypropylene.

CA 2969631 2019-11-22
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The tower press filter belt according to any one of claims 1-8, wherein the fusing yarn

is a bi-component yarn.

The tower press filter belt according to claim 9, wherein the bi-component yarn
comprises a core sheath structure, said sheath having a melting point below the melting

point of the warp and weft yarns.

The tower press filter belt according to claim 10, wherein the bi-component yarn

comprises polyester and copolyester or polyamide and copolyamide yarns.

The tower press filter belt according to any one of claims 9-11, wherein the fusing yarn

has a monofilament, staple or multifilament structure.

The tower press filter belt according to any one of claims 9-12, wherein the ratio of

fusing yarns to warp yarns is 1:1, 1:2, 1:3, 1:4, 2:1, 3:1 or 4:1.

The tower press filter belt according to any one of claims 9-13, wherein each fused edge

region has a width between 5 mm and 70 mm.

The tower press filter belt according to claim 14, wherein the fused edge region has a

width between 30 and 70 mm.

The tower press filter belt according to claim 14 or 15, wherein the fused edge region

has a width between 50 and 70 mm.

The tower press filter belt according to any one of claims 9-16, wherein the diameter

of the fusing yarn is between 0.10 mm and 0.60 mm.

The tower press filter belt according to any one of claims 1-17, wherein the warp yarn
and/or the weft yarn comprises a polymer selected from polypropylene, polyethylene
terephthalate, polyethylene, polybutylene terephthalate, polyphenylene sulphide and

poly-paraphenylene terephthalamide.

CA 2969631 2019-11-22
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The tower press filter belt according to any one of claims 1-18, wherein the warp yarn

has a monofilament, multifilament, or staple fibre structure.

The tower press filter belt according to any one of claims 1-19, wherein the belt

comprises a plain weave, double plain weave, a twill weave or a satin weave.

The tower press filter belt according to any one of claims 1-20, wherein the belt

comprises a tracer yarn.
Method for producing a tower press filter belt comprising the steps of:

a. providing a plurality of warp yarns and a plurality of weft yarns, wherein the

linear density of the warp yarn and/or the weft yarn is from 2200 to 4400 dtex;

b. providing a plurality of fusing yarns for fusing the warp yarns and the weft yarns
where they meet, said fusing yarns being provided along each longitudinal edge

of the belt;

c. weaving the plurality of weft yarns through the warp yarns and fusing yarns for

bonding the warp and weft yarns; and

d. subjecting the belt thus formed to a heat treatment to form a fused region from

the warp yarns, the weft yarns and the fusing yarns.

Method of claim 22, wherein the fusing yarn is provided substantially parallel to the

warp yarn.

Method of claim 22 or 23, comprising the step of hot-knife slitting the belt after the

heat treatment.

A filtration apparatus comprising a belt according to any one of claims 1-21.

CA 2969631 2019-11-22
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