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(54) Footwear with protective function against melted metal projection

(57) Apparatus and associated methods relate to a
metal splatter protective boot having an upper that in-
cludes a one-piece forefoot shield. The one-piece fore-
foot shield may have an exterior surface made of a flame-
resistant woven fabric coated with a rubber and an interior
layer made of a non-woven material. The one-piece fore-
foot shield may have a vamp region and an exterior

tongue. The vamp region may cover the entire upper fore-
foot from the tarsometatarsal joint forward. The exterior
tongue may cover the forward facing instep region of the
boot’s upper. A flexible flame-resistant outsole may at-
tach to the upper. The rubber coated flame-resistant wo-
ven fabric may be both flexible and metal-splatter-resist-
ant.
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Description

TECHNICAL FIELD

[0001] Various embodiments relate generally to pro-
tective footwear, and specifically to metal-splatter pro-
tection.

BACKGROUND

[0002] Many occupations require safety protection.
Some of these occupations expose workers to danger-
ous chemicals. Some of the occupations expose workers
to heat or cold. One such occupation is that of welding
or metal working. Welders often generate hot metal par-
ticles as an undesirable side effect to welding. Some-
times these particles are molten when the strike the
ground or other object. These particles can bum com-
bustible materials on contact. Molten splatter can cause
damage to clothing and can even cause serious bums
to the skin. Welders may wear protective clothing and
eyewear to prevent injuries arising from molten metal
pieces. Metal workers may also generate hot metal par-
ticles. When a metal worker grinds a metal object, tiny
shards of hot metal may be projected from the grinding
wheel. These hot pieces of metal can similarly cause
damage to clothing and can bum the skin.

SUMMARY

[0003] Apparatus and associated methods relate to a
metal splatter protective boot having an upper that in-
cludes a one-piece forefoot shield. The one-piece fore-
foot shield may have an exterior surface made of a flame-
resistant woven fabric coated with a rubber and an interior
layer made of a non-woven material. The one-piece fore-
foot shield may have a vamp region and an exterior
tongue. The vamp region may cover the entire upper fore-
foot from the tarsometatarsal joint forward. The exterior
tongue may cover the forward facing instep region of the
boot’s upper. A flexible flame-resistant outsole may at-
tach to the upper. The rubber coated flame-resistant wo-
ven fabric may be both flexible and metal-splatter-resist-
ant.
[0004] Various embodiments may achieve one or more
advantages. For example, some embodiments may pro-
vide improved flexibility of the foot. Some exemplary pro-
tective footwear may be light in weight. In an exemplary
embodiment, a welder’s boot may be comfortable when
working in a kneeling position. The boot may, for exam-
ple, readily flex at a toe-joint of a wearer. In some em-
bodiments, a protective shield may prolong a shoe’s life
by preventing hot particles from burning the shoe. In
some embodiments, the protective shield may be inex-
pensive to manufacture. In some embodiments, the
wearer may easily clean metal particles from the boot.
[0005] The details of various embodiments are set forth
in the accompanying drawings and the description below.

Other features and advantages will be apparent from the
description and drawings, and from the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] FIG. 1 depicts an exemplary welding application
for metal-splatter protective boots.
[0007] FIG. 2 depicts an exemplary metal-splatter pro-
tective boot.
[0008] FIG. 3 depicts an exemplary metal-splatter pro-
tective boot with extended protective vamp.
[0009] FIG. 4 depicts a worker flexing an exemplary
metal-splatter protective boot.
[0010] FIG. 5 depicts a cross-section of exemplary pro-
tective layers used in the protective vamp of a metal-
splatter protective boot.
[0011] FIG. 6 depicts a schematic of the skeletal bones
of the foot in relation to an exemplary metal-splatter pro-
tective shield.
[0012] Like reference symbols in the various drawings
indicate like elements.

DETAILED DESCRIPTION OF ILLUSTRATIVE EM-
BODIMENTS

[0013] To aid understanding, this document is organ-
ized as follows. First, an exemplary metal-splatter resist-
ant boot is introduced with reference to FIG. 1. In this
figure an exemplary welding application of such a metal-
splatter resistant boot is shown. Second, with reference
to FIGs. 2-3, exemplary embodiments that illustrate var-
ious aspects of metal-splatter protection are discussed.
Then, with reference to FIG. 4, comfort and flexibility of
exemplary protective materials are described. Finally,
with reference to FIG. 5, explanatory discussion of vari-
ous exemplary materials used in metal-splatter protec-
tion is described.
[0014] FIG. 1 depicts an exemplary welding application
for metal-splatter protective boots. In FIG. 1, a welding
scene 100 includes a welder 105 who is generating a
spray of hot metal 110. The hot metal 110 is falling to the
floor 115 nearby shoes 120 worn by the welder 105. The
welder’s shoes 120 have a protective shield 125 which
may prevent the hot metal from damaging the shoes 120.
The protective shield may have a vamp region 127 and
an external tongue 130. The vamp region may protect
the upper forefoot of the shoe from damage from the
molten metal spray 110. The external tongue 130 may
prevent the hot metal 110 from damaging an instep region
135 of a shaft 140 of the boot. The external tongue 130
may be cinched to the shoe 120 by a closure strap 145.
The closure strap 145 may be received by the external
tongue 130 via an aperture (not depicted in FIG. 1). In
this way, the closure strap 145 may be protected from
the spray of hot metal 110 by the external tongue 130
which it secures. Any stitching that may be used within
the protective shield 125 or to attach the protective shield
125 to the shoe 120 may be covered by a molded outsole
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150 or by the protective shield 125 itself. The protective
shield 125 may have a flexible and yet durable construc-
tion of rubber coated woven aramid fibers upon inner
non-woven heat isolative fibers. The welder’s shoes 120
may be both metal-splatter protective and yet comforta-
ble to wear.
[0015] FIG. 2 depicts an exemplary metal-splatter pro-
tective boot. In FIG. 2, an exemplary metal-splatter pro-
tective boot 200 includes a protective shield 205, a shank
210, a heel counter 215, and an outsole 220. The pro-
tective shield 205 may be constructed of a material that
protects the wearer from hot metal sparks. The protective
shield 205 may have an external layer of woven fibers,
which may provide flexibility, coated with a rubber, for
example. The protective shield may have an internal lay-
er of a non-woven fabric of heat-isolative material, for
example. The protective layer may have a vamp region
225 attached to an external tongue 230. The vamp region
225 may completely cover the forefoot of a wearer from
the medial side of the foot to the lateral side of the foot.
The vamp region 225 may have not exposed stitching.
The external tongue 230 may be secured to the boot 200
using a cinch strap 235. The external tongue 230 may
be part of the unitary protective shield 205. The external
tongue may present a securing aperture 240 through
which the cinch strap 235 may travel. The protective boot
200 may have means for securing a foot, such as for
example a zipper 245. In some embodiments, the means
for securing a foot may include laces. In some embodi-
ments the means for securing a wearer’s foot may include
buckles. In various embodiments, the means for securing
a wearer’s foot may be located behind the external
tongue 230 of the protective shield 205, for example. In
some embodiments, the means for securing the foot may
be located on the side of the protective boot 200, for
example.
[0016] FIG. 3 depicts an exemplary metal-splatter pro-
tective boot with extended protective vamp. In FIG. 3, an
exemplary hot-metal protective boot 300 includes an up-
per 302 and an outsole 307. The upper may include a
protective shield 305. The protective shield 305 depicted
has an extended vamp region 310. The protective shield
305 may provide protection from hot metal shards which
may be incident upon the boot 300. The protective shield
includes the vamp region 310 and an external tongue
315. The external tongue 315 in this embodiment may
present a wider front profile to offer more protective cov-
erage to an instep region 320 of the protective boot 300.
The outsole 307 may be molded to the upper 302. The
outsole 307 may be made of a flexible material to permit
a wearer to flex the foot. The outsole 307 may cover
stitching and thereby may shield stitching from incident
particles of molten metal, for example. The protective
shield 305 may be stitched to a shank 325 of the upper
302. In some embodiments, the protective shield 305
may be glued to the shank 325 of the upper 302. In some
embodiments, the entire upper may be made of a rubber
coated metal-splatter protective material.

[0017] FIG. 4 depicts a worker flexing an exemplary
metal-splatter protective boot. In FIG. 4, a welder 400 is
depicted in a kneeling position. The welder 400 is shown
wearing welder’s shoes 402, each shoe 402 having a
protective shield 404. A back foot 405 is flexing as the
welder 400 kneels. The welder 400 may need to remain
in this kneeling position for as long as the work takes, for
example. The flexed foot may require a toe joint region
410 of a shoe 402 to flex with the foot. The toe joint region
410 may have both a flexible sole 420 and a flexible vamp
425. In various embodiments, the protective shield may
have a rubber coated exterior layer. In some embodi-
ments, the rubber coating may be a silicone rubber. In
some embodiments, the rubber coating may be a nitrile
rubber. In some embodiments, the exterior layer may be
rubber impregnated.
[0018] FIG. 5 depicts a cross-section of exemplary pro-
tective layers used in the protective vamp of a metal-
splatter protective boot. In FIG. 5, a protective shield 500
is depicted in a cross-sectional view. The protective
shield 500 has an exterior layer 505 of material and an
interior layer 510 of material. The exterior layer 505 may
include a woven fabric 515 and a rubber coating 520.
The woven fabric 515 may use synthetic fibers, for ex-
ample. In various embodiments, the synthetic fiber used
in the exterior layer 505 may be an aramid fiber. In some
embodiments, an aromatic polyamide fiber may be used.
In some embodiments, an ultra-high molecular weight
polyethylene fiber may be used. The woven fabric 515
may use various fibers that exhibit good fabric integrity
at elevated temperatures, for example. In some embod-
iments, para-aramid fibers may be used in the exterior
layer 505. The woven fabric 515 may use various fibers
that exhibit good resistance to abrasion, thereby improv-
ing the durability of the protective shield. The woven fab-
ric 515 may have around thirty-five yarns in the warp
direction. In some embodiments, the woven fabric 515
may have around twenty-five yarns in the warp direction.
The woven fabric 515 may have forty-five yarns or more
in the warp direction, in some embodiments. The woven
fabric 515 may have thirty-five yarns in the weft direction.
In some embodiments, the woven fabric515 may have
fifty yarns in the weft direction. In an exemplary embod-
iment, the woven fabric 515 may have twenty yarns in
the weft direction.
[0019] The exterior layer 505 may then be coated with
a rubber coating. In some embodiments the exterior layer
505 may be immersed or impregnated with a synthetic
rubber. In some embodiments, the synthetic rubber may
by Nitrile rubber. In some embodiments, the synthetic
rubber may be a carboxylated Nitrile rubber, for example.
Various embodiments may use a silicone rubber. The
surface weight of the synthetic rubber coating may be
around 150 grams per square meter. In some embodi-
ments, the surface weight may be only 50 grams per
square meter. In an exemplary embodiment the surface
weight of the synthetic rubber coating may be 250 grams
per square meter or more.
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[0020] The interior layer 510 of the protective shield
500 may include a non-woven fabric 525. The non-woven
fabric 525 may use synthetic fibers, for example. In var-
ious embodiments, the synthetic fiber used in the interior
layer 510 may be a polyester fiber. In some embodi-
ments, the synthetic fiber may be a polyamide fiber. In
some embodiments, the synthetic fiber may be an aramid
fiber. For example, an exemplary embodiment may use
Polyethylene fibers in the non-woven fabric 525. Various
embodiments may use Polyethylene Terephthalate fib-
ers for the non-woven fabric 525. The non-woven fabric
525 may provide good heat insulation properties. The
non-woven fabric 525 may add to a thickness of the pro-
tective shield 500. The thickness of the protective shield
may be an appropriate thickness for injection molding of
an outsole to the protective shield 500. The non-woven
fabric 525 may have a weight of 150 grams per meter
squared. In some embodiments, the non-woven fabric
525 may be thinner or thicker. In some embodiments, for
example the non-woven fabric 525 may have a weight
of 250 grams per meter squared.
[0021] FIG. 6 depicts a schematic of the skeletal bones
of the foot in relation to an exemplary metal-splatter pro-
tective shield. In FIG. 6 a left foot 600 and a right foot
605 are shown in skeletal form. The outline of a welding
boot 610 is shown superimposed upon the left and right
feet 600, 605. A metal-splatter shield 615 covers the
phalanges 620 and the metatarsals 625 completely. The
metal-splatter shield 615 may even substantially cover
the cuneiform bones 630. A joint 635 between the met-
atarsals 625 and the cuneiform bones 630 may be called
the tarsometatarsal joint 635.
[0022] Although various embodiments have been de-
scribed with reference to the Figures, other embodiments
are possible. For example, exemplary protective layers
may be used for shoes or boots. In some embodiments,
Nitrile coated woven aramid materials may be used for
pants or smocks. In one exemplary embodiment, an ar-
ticle of footwear is completely covered with a protective
fabric. In some embodiments, the synthetic rubber coat-
ing is applied after stitching so as to protect the stitching
itself. In some embodiments, welder’s gloves may be
made of a metal-splatter protective material. In an exem-
plary embodiment, a metal-splatter protective shield may
cover a steel toed boot, for example.
[0023] A number of implementations have been de-
scribed. Nevertheless, it will be understood that various
modification may be made. For example, advantageous
results may be achieved if the steps of the disclosed tech-
niques were performed in a different sequence, or if com-
ponents of the disclosed systems were combined in a
different manner, or if the components were supplement-
ed with other components. Accordingly, other implemen-
tations are within the scope of the following claims.

Claims

1. An article of footwear configured to receive a wear-
er’s foot, the article of footwear comprising:

an upper boot comprising:

a leather rear upper substantially encircling
the ankle;
a metal-splatter-resistant front upper
stitched to the leather rear upper, the splat-
ter resistant front upper having an exterior
layer comprising a flame-resistant woven
fabric comprising aramid fibers coated with
a Nitrile rubber and an interior layer com-
prising a non-woven fabric of heat-resistant
fibers; and,
an exterior tongue fastener configured to
fasten the exterior tongue to the rear upper;
and,

a flexible outsole molded to the upper boot,
wherein the metal-splatter-resistant front upper
has a vamp region and an exterior tongue, the
vamp region covering substantially the entire
forefoot from approximately the tarsometatarsal
joint forward, the exterior tongue shielding a for-
ward facing ankle region of the rear upper from
metal splatter,
wherein the exterior tongue has a securing-strap
aperture extending from a lateral side to a medial
side of the exterior tongue.

2. The article of footwear of claim 1, wherein the non-
woven fabric comprises Polyethylene fibers.

3. The article of footwear of claim 1, wherein the non-
woven fabric comprises Polyethylene Terephthalate
fibers.

4. The article of footwear of claim 1, wherein the Nitrile
rubber coating has a surface weight of greater than
50 gr/m2.

5. The article of footwear of claim 1, wherein the Nitrile
rubber coating has a surface weight of greater than
150 gr/m2.

6. A article of footwear configured to receive a wearer’s
foot, the article of footwear comprising:

an upper boot comprising:

a rear upper substantially encircling the an-
kle; and,
a metal-splatter-resistant front upper
stitched to the rear upper, the splatter re-
sistant front upper having an exterior layer
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comprising a flame-resistant woven fabric
coated with a synthetic rubber and an inte-
rior layer comprising a non-woven fabric;
and,

a flexible outsole attached to the upper,
wherein the metal-splatter-resistant front upper
has a vamp region and an exterior tongue, the
vamp region covering the entire forefoot from
approximately the tarsometatarsal joint forward,
the exterior tongue shielding a forward facing
ankle region of the rear upper from metal splat-
ter.

7. The article of footwear of claim 6, further comprising
a securing strap for securing the exterior tongue to
the rear-upper.

8. The article of footwear of claim 6, wherein the exterior
tongue comprises a securing-strap aperture from a
medial side to a lateral side of the exterior tongue.

9. The article of footwear of claim 6, wherein the woven
fabric comprises aramid fibers.

10. The article of footwear of claim 6, wherein the woven
fabric comprises para-aramid fibers.

11. The article of footwear of claim 6, wherein the woven
fabric comprises Nomex fibers.

12. The article of footwear of claim 6, wherein the syn-
thetic rubber coating has a surface weight of greater
than 50 gr/m2.

13. The article of footwear of claim 6, wherein the syn-
thetic rubber coating has a surface weight of greater
than 150 gr/m2.

14. The article of footwear of claim 6, wherein the syn-
thetic rubber comprises Nitrile rubber.

15. The article of footwear of claim 6, wherein the syn-
thetic rubber comprises Silicone rubber.
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